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OPENING SPEECH
DEAR OUR RECTOR, DEAN, DEPARTMENT HEAD AND AUDIENCE,
IT GIVES ME GREAT PLEASURE TO EXTEND TO YOU ALL A VERY WARM WELCOME ON BEHALF
OF THE ORGANIZING COMMITTEE. IT IS AN OPPORTUNE TIME TO HAVE COLLABORATION
WITH OTHER RESEARCHERS AND DISCUSS PROBLEMS OF MUTUAL INTEREST WITH
PARTICIPANTS FROM THE WORLD NOW.
FIRST OF ALL, WE NEED TO THANK OUR RECTOR AGAIN FOR HIS SUPPORT TO THIS
ORGANIZATION. THERE WERE OVER 350 ACCEPTED ABSTRACTS AND 20 INVITED SPEAKERS AS
THEY CAN BE SEEN FROM OUR CONFERENCE WEBSITE. UNFORTUNATELY, WE HAVE GOT 163
SUBMITTED FULL PAPERS AND POSTERS, AND 12 INVITED SPEAKERS IN OUR CONFERENCE
PROCEEDINGS. FINALLY, WE WOULD LIKE TO REVEAL THAT OUR AIM IS TO GATHER OVER
1000 PARTICIPANTS FROM ALL OVER THE WORLD IN THE NEAR FUTURE. MAKE SURE THAT WE
WILL DO OUR BEST TO REACH THIS AIM AS WE HAVE BEEN DOING FOR ALL OUR INVOLVED
SOCIAL AND SCIENTIFIC WORKS.
WE WOULD LIKE EMPHASIZE THE IMPORTANCE OF THE USE OF ENERGY SOURCES
EFFICIENTLY AGAIN HERE. WE ARE IN A NEW PERIOD WHERE WE SHOULD SURPASS
TRADITIONAL POWER GENERATING SYSTEMS, OWING TO CRITICAL ENERGETIC,
ENVIRONMENTAL AND SUSTAINABILITY SUBJECTS.
THE EXISTING ENERGY SITUATION OF THE WORLD HAS PRESENTED SOME DIFFICULTIES TO
BE SOLVED SUCH AS THE INTEGRATION OF CLEAN ENERGY GENERATION AND THE USAGE OF
EFFICIENT HIGH-POWER AND ENERGY STORAGE SYSTEMS. THE ENERGY INDUSTRY HAS TO
STRUGGLE AGAINST DIFFICULTIES BROUGHT BY THE INTEGRATION OF RENEWABLE ENERGY
SYSTEMS REGARDING WITH RELIABILITY AND STABILITY OF THE POWER GRID. IN ANY CASE,
IT BECOMES EXTREMELY SIGNIFICANT TO BENEFIT FROM ENERGY STORAGE SYSTEMS IN
ORDER TO STABILIZE AND IMPROVE THE EFFICIENCY OF THE POWER SYSTEMS USING
ULTIMATE GENERATION BATTERIES, ULTRA-CAPACITORS, HYDROGEN BASED SYSTEMS AND
MECHANICAL SYSTEMS, AMONG OTHERS. RECENTLY, THE POWER ELECTRONICS SUGGESTS
EFFECTIVE WAY OUTS TO BE APPLIED TO THE NEW SPREAD ENERGY GRID IDEA.
A MICRO POWER GENERATION WITH DIESEL SYSTEMS AND RENEWABLE ENERGY IS
CONSIDERABLY DEPENDING ON INSTABILITIES DIRECTLY ATTRIBUTED TO THE
FLUCTUATIONS AND THE RANGE ABILITY OF THE RESOURCES. IT SEEMS EXTREMELY
SUGGESTED TO USE STORAGE UNITS IN ORDER TO CONFIRM THE ACCESSIBILITY OF ENERGY,
ENDURANCE AND EFFICIENCY OF THE SYSTEM. CONSISTENT WITH THE FORMULATION OF
THE PROBLEM OF ENERGY STORAGE, TIME OR REGULARITY PROPERTIES TIED TO THE
EXISTING TECHNOLOGIES SHOULD BE CONNECTED TO THE PROBLEM OF MULTI-OBJECTIVE
MANAGEMENT OF ENERGY. THE RELATED OFFERED PROPOSALS DEAL WITH STRATEGIES FOR
MANAGING ENERGY IN A POWER SYSTEM INCLUDING WIND, DIESEL ENGINE, FLYWHEEL,
BATTERY AND SUPER CAPACITOR AS HYBRIDIZATION NOMINEES.
IN CONCLUDING, I WISH YOU EVERY SUCCESS IN YOUR DELIBERATIONS AND A VERY
PLEASANT STAY IN ISTANBUL.
REGARDS,
AHMET SELIM DALKILIC
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EFFECT OF THE ADDITION OF ADDITIVES ON THE IMPROVEMENT OF THE
PERFORMANCE OF LEAD–ACID BATTERIES
M.Foudia*, I. Derafa , L. Zerroual
Laboratoire d’Energétique et Electrochimie du solide (LEES) ,Faculté de Technologie,
Université Ferhat Abbas, Sétif 19000, Algérie
E.Mail : foudiamalika@yahoo.fr
EXPERIMENT

OBJECTIVE

The paste was prepared by mixing basic lead sulfates (3BS) with 3% of mineral additives (M.A). The

The lead–acid battery has many advantages, such as high power density, wide usable temperature range,
complete recycling system and low price. For these reasons, the lead–acid battery has been used for

mixture is

numerous purposes. Therefore much research has been done to improve its capacity by adding

achieved by the employment of a tubular electrode. The electrode is filled with 3BS powder. The

positive plate additives. The objective of this work is to improve the electrical properties of lead-acid

electrodes were polarized at a constant current of 50 mA in 1.05 s.g H2SO4 solution containing

battery with the addition of additives in electrolyte and in the cured plates before oxidation. The

different amounts of surfactant (0.8 and 1.2% STTP), until the complete mass was totally converted

results showed that the addition of surfactant (STTP) in sulfuric acid and 3% mineral additive

to a brownish-black PbO2 (PAM) powder. The samples were treated with a hot saturated ammonium

(alumino-silicate) M.A. in the cured plates change the morphology and the crystallite size of PAM

homogenized during 30 minutes. The electroformation process of the mixture was

acetate solution then washed in distilled water and dried at 60°C.

after oxidation. The discharge capacity increases with the decrease of the crystallite size and the
resistance of the active mass. This shows that the addition of mineral additive and the surfactant
additive to the PAM, the electrical performance and the cycle life of lead- acid battery are

PAM containing additives (M.A and STTP) contains less PbO2 predicting
the amorphous character of these powders compared to the PAM 0%
additives with high content of PbO2 which means that this more
crystalline.

significantly increases.
SEM micrographs of additive

Chemical composition of M.A
73.20%
13.50%

K2O

3.90%

Na2O

3.35%

Fe2O3

Electrochemical Analysis
PNF3%A.M+1,2%T.A

100

1.23%

CaO

1,2

0.65%

MgO

PNF 1,2% T.A

96.10%

-1

Combined water
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0,4

The silica (73,2 %), has an important porosity thus it is capable of

absorbing the electrolyte and favors its distribution at the heart of
the active material during discharge.

PNF3%A.M

20

0,2

0,0
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PbO2

40

0
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The mineral additives influences significantly the PAM capacity.
The capacity is independent of the crystallite size.

PbO2

PbO2

80

C (mA.h.g )

D (nm)

PbO2

60

PNF3%A.M+1,2%T.A.

A remarkable improvement of the capacity is observed for the
PbO2 which contains 3 % of mineral additive and 1.2 % of
surfactant..
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XRD patterns of PAM with mineral additive and various percentages of STTP
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The capacity of the lead dioxide increases with the decrease of the
resistance of transfer and the size of crystallites.

The mineral additive and the surfactant does not influence the
structure of positive active mass (PMA).

The lead dioxide which contains additives becomes more conductive
to compared with the only PbO2.

The crystallite size of ß PbO2 has changed.

.

Chemical Analysis
Simple

5

10

GENERAL CONLUSION
%PbO2

0%

89.99

( 3% M.A)

87

( 3% M.A+0.8% STTP)

86.11

( 3% M.A+1.2% STTP)

85.81

( 1.2% STTP)

85.51

The addition of mineral additive and surfactant in the paste before
oxidation influences the composition and the crystallite size of the PAM
after oxidation.
The addition of mineral additive and the surfactant additive to the PAM, the
electrical performance and the cycle life of lead- acid battery are
significantly increases..
1

EVALUATION OF THE SECURITY OF A SYSTEM OF PROTECTION OF
ELECTRICAL INSTALLATION ARCELOR MITTAL
* Hamaidi b, Omeiri h, Mahdjoub h, Zerouali b,

Faculty of Engineer Sciences; Electromechanical engineering laboratoryUniversity of BadjiMokhtar/ Annaba / Algeria
Keywords: safety instrumented system, safety integrity level, the probability of failure on demand
* Corresponding author: Phone:213663624490
E-mail address: ham5615@yahoo.fr

spectra for different failures Affecting industrial
facilities. IonIEC 61508 [1] was developed as a
standard performance-oriented, in order to guide the
design and operation of safety instrumented systems
(SIS) to ensure their ability to reduce the risks
associated with a protected process given tolerable
level. It was adapted by many national regulations
that the recommended way to get high reliability SIS.
SIS is typically composed of three main subsystems
(Figure 1) .: sensing elements (S), logical drives (LS)
and finite element (FE). IEC 61508 does not provide
prescriptive rules on the choice of SIS technology,
configuration, test strategies, etc. Adopt a risk-based
approach, IEC 61508 provides a direct relationship
between risk reduction to be achieved and
performance requirements for SIS. This relationship
is characterized by the introduction of the concept of
Safety Integrity Level (SIL). Therefore, the required
or target SIL refers to the performance required for
the SIS enabling it

Abstract:
This method provides a structured approach based on
risk identification to establish security requirements
for safety instrumented systems (SIS). It aims to
design and operation of the SIS in a reliable trust that
meets these requirements.
The purpose of this work is to apply IEC 61508
approaches for the evaluation of safety barriers
against the intervening pressure implemented on an
electrical installation at Arcelor Mittal. Specifically,
the risk graph and protection analysis layer (FPAA)
approaches suggested in the IEC 61508 standard for
determining security requirements are illustrated. In
addition, it is shown that the use of more
sophisticated approaches to reliability, such as fault
tree and graphical Markov, may be necessary for
effective risk assessment process. In fact, these
approaches allow considering configuration and
actual operating conditions of the system studied.
1. Introduction
The industry is generally by complex dynamic
systems. The dependability of these systems through
monitoring. This plays an important role in vigilance
Improving the readiness and different equipment. The
main aim of monitoring is to determine the state of a
system, in order to prevent prevention malfunction
and to remove Ambiguities Any That May Slow
production. Monitoring is Primarily Responsible for
fault diagnosis. It provides operators with
information on the operation of the process. In single
cases, it May be Performed by the protection. In -other cases, a contribution of advanced tools will be
required for analysis in order to better interpret the
data Acquired.
In our research, this technology is used, this is mainly
due to their ease and can give us information that the

to fulfill its safety function affected in a satisfactory.
way. IEC 61508 specifies two reliability metrics for
SIL, depending on how often the SIS is invited to
respond to dangerous events: the average probability
of dangerous failure on demand (PFDavg) and the
probability of dangerous failure per hour (PFH). The
first measure is appropriate for SIS called a low
frequency (less than or equal to once per year), while
the second is relevant when this frequency is high
(more than once per year) or continuous
2. LOPA (layers of protection analysis)
LOPA is a semi-quantitative methodcommonlyused
for the determination of the required SIL. The
methodstartswith data developed in the hazard

2

identification (generally the HAZOP study) and
accounts for eachidentifiedhazard by documenting
the initiating causes and the protection
layersthatprevent or mitigate the hazard.
Itsprincipleis to estimate the hazardousevent (impact
event) frequencythrough the quantification of the
initiating causes frequencies and the probabilities of
failure on demand of each layer of protection [1, 4,
5]. The riskreductionisthenassessed in light of the
tolerablefrequency (safetytarget). A major condition
to besatisfiedis the independence of the different
protection layers (IPL: independent protection layers)
fromeachother and from the initiatingevents [6, 7].
Fig. 4shows an example of worksheet format
hatcanbeusedduring a LOPA study [1].

3. Riskanalysis
Duringthis first stage, hazardousevents (accidents
scenarios) related to the protected system are
established in terms of severity and likelihood
(frequency), in order to compare theircriticality to a
threshold
value
constituting
thesafetyobjectivetobeachieved.Ifthiscriticalityexceed
stheaforementionedthresholdvalue,
itwillbethereforenecessaryto
reduceitfurther
reduceitfurther.Themagnitudeof
isthendeclinedin
safetyrequirementsallocatedto
differentriskreductionmeasures.Itshouldbenotedthat
the
determinationaccident
scenarios
canbeperformedusingconventionalmethodssuch
as
HAZOP and FMECA.

The hazardous event frequency (with severity or
consequence C) for each causei (column 8 of Fig. 4)
can be formulated as follows:
𝑓𝐶𝑖 = 𝑓𝐼𝐸𝑖 ⋅
(1)

𝑗

𝑃𝐹𝐷𝑗𝑖 ⋅

𝑘 𝐴𝑀𝑘

where:
𝑓𝐶𝑖 : frequency of the consequence occurring due to
the i-th cause.
𝑓𝐼𝐸𝑖 : frequency of the i-th cause (initiating event: IE).
𝑃𝐹𝐷𝑗𝑖 : thePFDavg of the j-th protection layer that
protects against consequence C for the i-th cause.
𝐴𝑀𝑘 : thek-th Additional Mitigation factor for the
consequence C (e.g., restricted access, reduction of
ignition probability).
The total hazardous event frequency is calculated by
adding hazardous event frequencies for each cause:
𝑓𝐶𝑖 =

𝑓𝐶 =
𝑖

𝑓𝐼𝐸𝑖 ⋅

𝐴𝑀𝑘 ⋅
𝑘

𝑖

𝑃𝐹𝐷𝑗𝑖
𝑗
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Fig. 4.Typical LOPA format

4 SIS realization and validation


Once the required SIL is assigned, it comes to
design the SIS so that it meets the corresponding
requirements. For this end, IEC 61508
methodologies may be resumed in the simultaneous
observation of the three following requirements is
necessary:


Qualitative requirement saiming at controlling
systematic failures: design and interactions
failures. Design failures can only be eliminated
by the modification of the design or the
manufacturing process. Interaction failures are
initiated by human errors during the
installation, operation and maintenance
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activities. This first type of requirements is not
considered in this paper.
Probabilistic requirements. It consists in the
quantification of the PFDavg or PFH (according
to the operating mode). The obtained value
must not exceed the target measure specified
during the SIL allocation stage. This
quantification requires the consideration of
several parameters: system architecture
(number of elements used and their voting
logic), failure rates, diagnostic coverage,
periodic tests intervals (full and partial), repair
time and common cause failures.
. Maximum allowable SIL for a safety function
carried out by a type A (resp. B) subsystem.

Safe failure
fraction (SFF)

Hardware fault tolerance (HFT)
0

1

2

< 60 %

SIL 1 (not allowed)

SIL 2 (SIL 1)

SIL 3 (SIL 2)

60 % -< 90 %

SIL 2 (SIL 1)

SIL 3 (SIL 2)

SIL 4 (SIL 3)

90 % -< 99 %

SIL 3 (SIL 2)

SIL 4 (SIL 3)

SIL 4 (SIL 4)

 99 %

SIL 3 (SIL 3)

SIL 4 (SIL 4)

SIL 4 (SIL 4)

5: Development of the method for determining the
insulation parameters of the electrical network of
arcelormittal:

B -Methodology for determining the insulation
resistance and summary ability, the power grid
having ungrounded.

A -Fault detection of the state of isolation:

This process is used to evaluate single-phase currents
of earthing with trendy electric consumers.

Considering the scheme of calculating the threephase electric network with isolated neutral, ugly in
this diagram, one can vary the neutral displacement
value, by connecting to one of the phases (A), the
known additional conductivity

The meaning of the process of the method consists in
what follows:
The total conductivity of the electrical network from
the ground can be defined according to the following
formula:

Between phases and earth are connected, complex
conductivities YA, YB, YC, which, in turn, have the
active and reactive components.

 = Y + g jC
The current of the grounding of phase A can be
determined from the following expression:

YA = GA + jωc
YB = GB + jωc

Ph A = UA ... Y
YC = GC + jωc
Upon occurrence in the phase A, additional
conductivity, we have:

One can enter the system of equations with two
switch positions.

IPHa = U'A (Y + YS)

U0A YA + YB + U0B U0C YC = 0
From these two equations we have:
U0A YA + YB + U0B U0C YC AU = g

Y U'A = YS +

U0A U0B U0C: Complex tensions between
corresponding phases and earth, at the neutral
displacement.

UA - U'A

The active component of the network of conductivity
is determined by the part of the complex
Re U'A g = YS + UA-U'A

g: additional conductivity ensures the neutral
displacement.

And the reactive component as the imaginary part of
the same complex.
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C =In UA-YS

+

UA - Ua

The voltage of phase A relative to the earth is
examined by the corresponding voltages of the other
phases modules.
UA = U R A - (UA + UC) + + UphJuc – A
253 - Uph

6. Conclusion
The aim of this work was to present the IEC 61508
approach dedicated to the control of hazards
associated with major accidents using safety
instrumented systems. We first presented its main
stages. Next, an illustrative system was briefly
introduced. It consists of an electric system do not the
network and the security level represented an
anomaly and default risk at Arcelor Mittal

6Uph

MA = 2UA2 -UB2 + UC2 + Upgh

The various safety barriers intervening against the
pressure of the reservoir have been described. The
illustration was initiated by conducting a risk analysis
process using the HAZOP method. It showed that the
failure of the pressure monitoring system is an
important source for the outbreak of the accident
sequence. The application of methods for
determining the reduction of necessary risk (ie risk
graph, FPAA and combined fault tree with the graph
of Markov), which must be ensured by the
emergency system. Concluded the same or required
SIL target (SIL3), although the maximum permissible
values for PFDavg differ slightly. It is interesting to
note that the approach of the fault tree is the most
complete and requires detailed data, while the
graphical method of risk is mainly based on
specialized knowledge. In addition, the FPAA
method occupies a middle position between the two
former close and is based on generic data without
detailed analysis of the structure conditions or
operational barriers. Finally, the evaluation of
performance in terms of probabilistic rocket system
(PFDavg) and physical security integrity constraints
indicated that it does not comply with SIL3
requirements. Therefore, some changes have been
proposed: more frequent proof testing, and adding a
second high-pressure sensor and a second logic unit
(PEC).

Fault tree related to the top-event “Accident induced
by uncontrolled overpressure inside LAV (Arceor
Mittal)
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made a major contribution to the success of the industrial
revolution [2].
The technology of metal cutting has been improved by the
developments in tool materials and understanding of the surface
finish, today metal cutting is a very large segment of most
industries, production of domestic equipment and the machine
tool industry itself, all having large machine shops with many
thousands of employees engaged in machining [3].
Progress in the technology of machining has been achieved by
ingenuity and experience, theintuition and logical thought of
many thousands of practitioners engaged in the many-sided arts
of metal cutting [4,5]. The workers operating the machine, the
tool designer, the lubrication engineer, the metallurgist, the
information technologist, are all constantly probing to find
answers to new problems, these are created by the necessity to
machine novel materials, and by the incentives to reduce costs,
by increasing rates of metal removal, and to achieve greater
precision or improved surface finish.
It is the search for mathematical parameters controlling the
surface finish and its effect on the performance of the product
in operation, to make possible improved surface values and
thus reduce a cost which has been responsible for some of the
developments in the past [6]

ABSTRACT
The project is designed to examine the surface finish achieved
on stainless steel when machining in a lathe using a cemented
carbide tool. The finish, forces and the chip thickness have been
measured and observed using the talysurf 5 and the scanning
electron microscope. A wide range of parameters were
considered.
The relationship between the measured parameters and the
surface geometry has been evaluated. Several types of
geometry were defined, some of which have been defined as
primary (introduced by tool shape) and others as secondary
(introduced by metallurgical interaction).The materials were
247 165 annealed and cold drawn, AISI 304, free cutting BS
970.303 S21.
It was found that although no tool wear was seen in these
tests, sponzipfel accounted for the variation of the surface
finish and that if the forces were reduced a better finish could
be expected. This was especially true on the 303 S21. The
surface finish measurements were shown to be highly being
within +10℅ off a specific surface and closer to + 40℅ off two
surfaces machined under apparently the same condition. Tool
geometry to give feed marks with an enhanced squeezing effect
was produced. A great amount of sponzipfel was observed no
wear was noticed. It has been found that sponzipfel is the
phenomenon that is probably the major cause of variable
readings on measured surfaces.

Expérimental Techniques

INTRODUCTION.
Metal cutting is the term intended to include operations in
which a thin layer of metal is removed by wedge shaped tool
from a larger body [1]. The principle used in all machine tools
is one of generating the surface required by providing relative
motions between the cutting tool and work piece. The cutting
tool removes a layer of work material. The removed material is
called a shaving or a chip. This has been a technology and a
craft since the processing work of Taylor, shop floor personnel
had made considerable achievements before that time which

2.1 Process for producing
1. Machining process
2. Work pieces materials Fig 1.
3. Tool selection and geometry preparation
4. Polishing and etching
5. Surface finish measurements and statistical
Techniques
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fig 1: Microstructure of the work piece material

Fig 2: Profil’s Tool
Hybrid parameters: relate to both the amplitude and spacing of
the surface irregularities (∆ a ,∆ q ,λ a ,λ q ,t p ). From all the
RESULTS AND DISCUSSION
parameters (refer to a derived tables) we have five particular
Selected Parameters
variables, which show least scatter off a piece of turned surface
The parameter values selected from the stored information of
and consequently can be described as characterising the surface
Taylor Hobson Talysurf are for all the experiments carried out
(1)
The “HSC” high spot counts [i.e. the number of peaks on the
under different cutting conditions and on different materials.
surface] count the top of the feed marks within the assessment
These are twelve parameters all together some of which are
length. Within a given sampling length there will be
more universally recognised, and most used.
approximately l!f marks. However some variation will occur
To provide a selection of the roughness parameters, a study has
the sampling length may start and finish in different positions
been carried out considering which parameters varies most
relative to the first feed mark:(see figures)
significantly and which one gave consistency from result i.e.
(2)
Sm. Which is the mean spacing between profile peaks at the
least variations.
mean
line within a given sampling length? It measures in
The range has been calculated from the series of measurements
continuous
chip formation the number of feed marks, it could
taken on the work piece material. Dividing this by mean value
also measure the number of scales in the presence of the built
gives the variation of the parameter, which has been used to
up edge
make the selection of the roughness parameters. The several
(3) R3TM: this is the height difference between the third
different parameters used in measuring surface finish which
highest peak and the third lowest valley within a given
relate to certain characteristics of the finish (see tables) can be
sampling length. In other words it is a measure of the height of
classified in three groups, according to the type of characteristic
feed marks when a continuous chip is formed. In this condition
that they measure.
it could measure the sponzipfel as well.
Amplitude parameters: are measures of the profile height.
(4) Ra. This is defined as the root mean square of the arithmetic
These are generally good indicators of chatter (periodic
mean of the departures of the profile from the mean line
tool/work piece deflection), feed marks (produced by the nose
radius of the tool on each revolution) and fine scale surface
within a sampling length. In continuous chip
damage to these feed marks. These are:
formation, it measures a compromise geometry as
R a ,R q ,R max ,R t ,R tm ,R z ,R 3TM ,R p ,R *** ,R SK
sponzipfel, nose radius, feed mark height.. ..Etc. will
Spacing parameters: are measures of irregularity of spacing
all affect the parameter.
along the surface, irrespective of the amplitude of these
(5) R q is the parameter most universally used as the
irregularities, these are Hsc and Sm.

international parameter of roughness see Table1.
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Table 1 : Table of Results
Speed
m/mn
250
250
200
200
150
300
200
250

Material
247165CD
247165CD
247165CD
247165A
247165CD
247165A
247165CD
247165A

Condition
Dry
Lub
Lub
Dry
Dry
Dry
Dry
Dry

Theol
Ideal Ra
1.25
1.25
1.25
1.25
1.25
1.25
1.5748
1.5748

Calc
Ra
1.253
1.2531
1.2540
1.253
1.235
1.254
1.583
1.581

the R q . R a therefore characterises these surfaces most
consistently but in examining a surface for variability R 3TM
would be a better guide. R 3TM should be used when it is
desirable to see how varied a surface is.
Surface Finish Measurements
The surface finish as measured by the R a value does not
correspond to that determined from nose radius and tool
geometry as shown in the literature survey. From examination
of the surface only two defects from the perfect shape can be
observed. The ridges of the feed marks show some material
apparently extruded above the feed mark height (Fig 4) while
the grove bottom shows a series of small ridges running parallel
to the feed marks.

Actual
Ra
1.74
1.781
1.433
1.739
1.739
1.519
2.106
1.905

It is normally determined as average height from a mean line of
all the ordinates of the surface regardless of sign. As R a it
measures compromise geometry i.e. sponzipfel, Fig 3 nose
radius and the height of feed mark. Squeezing caused by forces
on primary shear plane, these have origin in forces on
secondary shear plane via the two force equations. The force on
the secondary shear plane comes area x strength therefore
increasing either (assuming other constant) would give
increased forces on prime planes. Usually increase area comes
from increased ductility and increased strength ductility.
Therefore these tend to be traded off. It can usually be seen that
soft ductile materials can have high forces (see EMT Comp
force for pure Fe) and in these cases because the Fe will have
low yield strength it
will squeeze badly. With very hard
(which from a continuous chip) can again have high forces but
the metal is stronger therefore expect less squeezing. The link
between ductility strength, contact length, forces and surface
finish is thus established.

Fig 4: Top of the feed marks
If we consider these latter features, first we can make an
estimation of the effect on the theoretical roughness by
assuming them hemispherical in cross section resulting in
possibly an apparent change in nose radius (as far as the stylus
is concerned). The height of these ridges would be equal to half
their width and this height would therefore lead to a
corresponding reduction in nose radius. The calculation for the
effect on surface finish is asfollows. We can ignore the areas a
picture taken on the samples of 247165 cold drawn machined
under dry condition at 250 m/min we can count 27 lines which
occupy the 0.25mm of feed.
The width of 1 line is therefore equal to
Fig 3: sponzipfel
We know, that in turning operation the spacing parameters are
controlled by the feed. These will not change for a given value
of that parameter even if the surface finish is affected.
Consequently the use of Hsc and Sm while giving very
reproducible results should not be used with turned surfaces
when a continuous chip is present as they will not measure
aspects of geometry of primary importance.
Out of five parameter we have got there parameters left which
exhibit low scatter of those three R a has been used because it
shows a lower scatter than R 3TM and is more widely used than

The lines can assure semicircular in cross section. therefore the
height of a line above theprofile is equal to:

These lines give an apparent reduction in Nose Radius. A
change in surface roughness value could occur due to the
apparent change in nose radius. Theestimated difference
between actual nose radius and effective one is given by :
N Rnew = 1.6 - 0.004625 = 1.595375mm
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Thus the effective surface roughness value is :
R a = 1.253μm.
instead of a theoretical value of 1.25μm.
similarly for machining at 250m/min lubricated we
can count 32 lines which occupy 0.25mm of feed. The width of
1 line is therefore equal to :

R a = 12535 μm
Under dry condition machined at 150m/mm 28 lines occupy
0.25mm of feed. The width of line is equal to
The height of a line is equal to:
The actual nose radius is: NR CHANGE 1.6-0.0044642 =
1.5955. Effective surface roughness value isR a = 12535 μm
The annealed material machined at 300 m/mn under dry
conditions shows 24 lines occupy 0.25mn of feed. The width of
line is given by:
The height of a line is equal to:

The height of nose radius is :

The actual nose radius is :
– 0.00390625 = 1.5960mm
Effective surface roughness value is therefore
R a =1.2531μm
Actual R a =1.781μm
At 200m/min Lubricated :
We count 24 lines which occupy 0.25mm of feed. The
width of 1 line is equal to:

The actual nose radius is:
NR change = 1.6-0.005208
NR change =1.59479166 mm
Effective surface roughness value is:
R a = 1.254 μm
Actual R a = cold drawn machined at 200 m/mn using a
specially ground tool r =1.27 mm and 17 lines are present.
Therefore the width is:
The height of a line is equal to:

The height of a line is equal to:
The actual nose radius is: NR: 1.27 – 0.00735294 = 1.26264
mm. effective surface roughness value is:
R a = 1.583 mm
The annealed material machined at 250 m/mm using ground
tools r = 1.27 mm. 25 lines are present. The width is:

The actual nose radius is :
1.6 – 0.002508 = 1.59479166mm
Effective surface roughness value is :
R a = 1.2540
Actual R a = 1.4330μm
Under dry conditions machined at 200m/min 25 lines occupy
0.25mm of feed. The width of 1 line is equal to :

The height of a line is equal to:

Therefore the actual nose radius is NR change = 1.6 – 0.005 =
1.595mm. effective surface roughness value is :
R a =1.253μm
Actual R a = 1.739
Under dry condition machined at 150m/mm 28 lines
occupy 0.25mm of feed. The width of 1 line is equal to:

The actual nose radius is :NR: 1K.27 – 0.005 = 1.265 mm
R a = 1.581
Theoretical value: 1.5748 μm
CONCLUSION
The effect on chip formation, surface finish tool forces of
sulphur, annealing and cold drawing when machining austenitic
stainless steel has been investigated. The following conclusions
are based on calculation of tools and work pieces using
scanning electron microscopy and Taylor Hobson Talysurf.
1. It has been found that the parameter Ra characterises a specific
surface with a lowest scattered figure but yet is capable of
distinguishing between relevant criteria.
2. It has been concluded that a single trace by a stylus instrument
is not sufficient to characterise a surface finish with even least
The height of a line is equal to:
scattered parameter showing ±10℅ of the mean on a particular
surface.
3. The free machining steel 303S21 shows a much improved
The actual nose radius is: NR change 1,6-0,0044642 = 1.5955 .
surface finish and low forces under the test conditions.
Effective surface roughness value is
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4.

5.
6.

7.

The forces on the primary shear plane. Have been found they
vary only slightly over a wide range of cutting speeds and work
materials.
It has been found that there is no statistical difference in surface
finish produced on annealed or cold drawn material.
some defects have been observed on the surface which do not
replicate the tool perfectly.
(1) The ridges of the feed mark show material apparently
extruded above the feed mark height.
(2) The groove bottom shows a series of small ridges running
parallel to the feed height.
(3) The side wall of the feed mark shows evidence of bulging.
These effects have all been observed on tools with no visible
wear.
It can be concluded that although sponzipfel was not formed to
extent previously seen, it was still the major cause of surfaces
not being “ideally smooth”. Unless the tool geometry was such
as to cause large amounts of squeezing formed to the extent
previously seen, it was such as to cause large amounts of
squeezing force the diagnosis of sponzipfel being present may
not be possible using the S.E.M.

[9] K. Chou, H. Song, Tool nose radius effects on finish hard
turning, texture, Journal of Materials Processing Technology
148 (2004) 259-268.
[10]
T.S. Wang, J. Yang, Sliding friction surface
macrostructure and wear. Journal Surface and Coating
Technology 202 (2008) 4036-4040.
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ABSTRACT
INTRODUCTION

The systems of toothed gearing are largely used to
transmit power and to adapt the number of revolutions
between driving and receiving bodies. In this context, the
gears constitute, undoubtedly, the best compromise from
an output point of view of and precision when it is a
question of transmitting important couple, to carry out
reductions speed or to change the directions of rotation.
They are frequently the bodies among most sensitive of
the cinematic chain and can be subjected to a large
number of damages (contact fatigue, tiredness of
inflection … etc) appearing during the operation and
whose causes are multiple.
The objective of this work is, on the one hand the choice
of the modification coefficients optimal and adequate to
the good performance, and on the other hand their
influences on the operating conditions

There are many factors that influence at the mechanical
behavior of gears. The gear mechanical phenomenon are
greatly conditioned by teeth’s profile. The addendum
modification is one of the most important and influential
values for tooth profile. The addendum modification of
tooth profile is equal to the product of the addendum
modification coefficient value (x1, x2) and the gear pair
module m.
Gears with addendum modifications have the advantages
of improving the meshing performances and loading
capacities. A rational selection of addendum modification
coefficients can efficiently help improve the fatigue
strength of gears, reduce vibrations, suppress the noises
and extend service life [1-2]. Hence, gears with
addendum modifications are widely used in the fields of
machinery industries, and the selection of addendum
modification coefficients is one of the most important
research orientations in the gear design area.
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X ≥ X min ;

With the developments of computing technology,
numerical methods and optimization theories have been
applied in the design of engineering areas [3-4].

X min = hl* − ha* −

The changes of the modification coefficient can also
realize the increase of the addendum circle diameter. For
the gear with the same modulus and teeth number, the
increasing modification coefficient with positive
modification value will increase the addendum and the
tip diameter, and also decrease the dedendum and root
diameter so as to make the tooth profile thinner and
higher. In addition, the positive modification value
increases the tooth profile curvatureradius, which can
improve the tooth contact strength.

(2)

In GOST and ISO standards for the geometric
calculations

assuming

that

the

interference

is

unacceptable. To offset the minimal factor in our work
we calculate the value determined by the condition or
interference does not exist (see relation 2) and (Fig 1).
The (Fig 1) shows the point limit L which is the common
point and the general profile of the transition curve.

Therefore, the right choice of values x1 and x2 could lead
to the noise reducing and vibration reducing during gear
transmissions. However, it is clear that different aspects
lead to contradictory solutions for addendum
modification coefficient values, when the optimal
solution can be chosen in accordance with practical
knowledge and experience. That is why, the researches
and analyses of influence of addendum modification
coefficient on the stress and deformation states of meshed
gears is very important for advancement of gears
calculations.

Profile angle of the involute at point L is calculated by
the formula [5].

tgα l = tgα t − 4

(hl* − ha* − X ) cos β
Z sin 2α t

(3)

The general profile is arranged between the point L and
the point of the intersection of the involute with the
circumference of the top. The thickness of the tooth on

DOMAIN OF EXISTENCE OF AN ISOLATED
GEAR

the cylinder head must be greater than zero (absolute
limit) or the minimum allowable value (limit condition).

Interference with the toothing of the drive during cutting
with the tool rack is an adverse event; because he
weakens the section of the base of the tooth and reduces
the driving gear of the gear. The existence of the
interference does not mean that there is disturbance of
normal working of the gear of the Cinematic point of
view. As a result of the interference, there is disruption of
the main law of the engagement due to the elimination of
a region of the involute of the tooth profile. The total
contact ratio should not be less than 1.

εγ = εα + ε β ≥ 1

Z sin 2 α t
2 cos β

The thickness of the tooth on the head cylinder in the
front section is determined by the formula: [6 ]


 π 2 Xtgα
S ta = d a 
+
+ invα t − invα a 
Z

 2Z


 Z
d a = m
+ 2ha* + 2 X − 2∆Y 

 cos β

(1)

For an isolated gear ∆y = 0

Most often, the interference check is performed with the

From the condition Sta = 0 we have:

following relationship
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(4)

(5)

On

(Fig.4

and.5),

are

respectively Sta = 0 , and

the

maximum

values

of

X,

Sta
= 0.2 for different values of Z.
mt

The values of X in (Fig.5) are nearly equal to the respective
values as of (Fig.4).
Table:1
Z=20

S ta
m

β

Fig :1 limit of the interference

THE ANALYSIS OF THE CALCULATION RESULTS

By comparing the values of the profile angles α l and α a ,
one can find the maximum values of the offset
coefficient. Beyond the intersection of the wheel loses its
involutes region of its tooth profile and can not be used in
any gearing.

π

+

2 Xtgα
+ invα −
Z

0.2
(7)
 Z

cos β 
+ 2 + 2 X 
 cos β


On (Fig.3), we show obtaining maximum values of X to Z = 20
and

40°

50°

X

tgα a tgα l

tgα a

tgα l

tgα a tgα l

tgα a

tgα l

1

0.790

0.363

0.797

0.387

0.831

0.475

0.877

0.566

2

0.880

0.675

0.886

0.666

0.916

0.672

0.957

0.716

3

0.960

0.986

0.966

0.945

0.993

0.870

1.031

0.865

4

1.034

1.297

1.040

1.224

1.065

1.067

1.100

1.015

5

1.103

1.608

…….

…….

1.132

1.265

1.166

1.165

6

1.161

1.919

…….

…….

……

…….

1.228

1.315

7

1.231

2.231

…….

…….

……

…….

…….

…….

β

dotted line that of tgα a = f ( X ) . At the intersection of their
lines β set corresponds to the maximum value of X, Sta = 0 .
In the case of the limit accepted by the condition according
Sta
Sta
= 0.1....0.3 .
= 0.2 to [7] it is recommended to use
mt
mt
Profile angle of the involute on the head cylinder in the front
section is determined by the following relationship:

2Z

20°

Table:2

On (Fig.2), for example a toothed wheel with Z = 20, we show
the achievement of maximum values of X for different values of
the angle of inclination of the teeth to the pitch cylinder. With a
continuous line we show the dependence tgα l = f ( X ) ; and a

invα a =

0°

=0

Sta
= 0.2
mt
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Z=20

Sta
≥0
m

0°

20°

40°

50°

X

tgα a tgα l

tgα a

tgα l

tgα a

tgα l

tgα a

tgα l

1

0.777

0.363

0.775

0.387

0.787

0.475

0.822

0.566

2

0.908

0.675

0.903

0.666

0.902

0.672

0.925

0.716

3

1.018

0.986

1.011

0.945

1.004

0.870

1.018

0.865

4

1.116

1.297

1.108

1.224

1.096

1.067

1.105

1.015

5

1.206

1.608

…….

…….

1.181

1.265

1.185

1.165

6

1.289

1.919

…….

…….

…….

…….

1.262

1.315

7

1.367

2.231

…….

…….

…….

…….

…….

…….

S ta
=0
mt

coefficient de déport X1

Sta/m=0

10

Z=12

9

Z=20

8

Z=32

7
6
5
4
3
2
1
0
0

Fig :2

Variation of modification coefficient X for different helix

15

30

45

60

Angle d'inclinaison

S
angle β for Z=20 ta = 0
mt

FIG:4
variation helix angle a function of X for different number of tooth to

S ta
=0
mt

Sta
= 0.2
mt

Coefficient de déport X1

Sta/m=0,2

Fig :3 Variation of modification coefficient X for different helix

10

Z=12

8

Z=20
Z=32

6
4
2

Sta
= 0.2
0 mt
0

S ta
angle β for Z=20
≥ 0.2
mt

15

30
Angle d'inclinaison

45

60

FIG:5
Sta
variation helix angle a function of X for different number of tooth to m = 0.2
t

CONCLUSION
The above calculations allow us to deduce that if we
increase the number of teeth Z, the maximum value of X
increases. Therefore, the sprocket helical teeth
remarkably surpass the spur gears. By increasing the
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minimum permissible thickness of the cylinder head of
the maximum value of X decreases substantially.
The domain of existence of a single toothed wheel is very
wide, the maximum values of the offset x coefficient
remarkably larger than the values
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ABSTRACT

obtained by dispersing in a base fluid of the solid particles of
nanometric size (10-9 m). A very low concentration, some of
these solutions have proved very effective in improving, under
certain conditions of heat transfer. Choi [1] introduced the term
nanofluid in 1985. Because of their excellent thermal
performance, the examples relate to heat exchangers,
microchannel, cooling electronic systems, cooling vehicle,
nuclear reactors, buildings, grain storage, etc. A large number of
studies on the mixed convection with nanofluids were realized
in recent years. Raisi et al. [2] studied the heat transfer by
convection from a mixed Cu-nanofluid water in a vertical
channel parallel plate. They found that increasing the volume
fraction of solid results in increased heat transfer rate
particularly low Richardson numbers. HemmatEsfe et al. [3]
found that the average Nusselt number for all ranges of the
volume fraction of solid increases with a decrease in
Richardson. Garoosi et al. [4] they have shown that it is an
optimum volume fraction of nanoparticles for each Rayleigh
number and Richardson number, at which the maximum rate of
heat transfer occurs. Jamai et al. [5] and Mahmoudi et al. [6]
studied the effects of parameters such than the Rayleigh
number, the volume fraction of the nanoparticles and the heat
sources locations on the natural convection in a partially heated
cavity filled with different types of nanoparticles (Cu, Ag,
Al2O3 and TiO2). They found that the heat transfer increases
with the increase of the Rayleigh number and concentration of

In this work, we present a numerical study of twodimensional laminar mixed convection in a vertical channel
with water-Cu nanofluid. The channel walls are maintained at a
constant high temperature, Th. An upflow enters the channel at
a constant low temperature, Tc, and a uniform velocity, Vc.
Ansys-Fluent 14.5 software tool was used to solve the
mathematical model: Continuity, momentum, and energy
equations. Comparisons with previous results were performed
and found to be in excellent agreement. Results were presented
in terms of streamlines, isotherms, and local Nusselt number for
different values of Reynolds, Re and Grashof, Gr numbers, and
solid volume fraction of nanoparticles ϕ. The results show that
the previous parameters have considerable effects on the flow
and thermal fields. It was found that the increase of Re, Gr and
ϕ improves heat transfer.

INTRODUCTION
The recent considerable development of research dealing
with nanofluids due to the fact that it is possible for certain
applications of increasing to any appreciable extent the transfer
of heat by introducing a pure fluid low concentration of
nanoparticles. Recall that the nanofluids are colloidal solutions
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the nanoparticles, and the nanofluid Cu-water ensures transfer
very high compared to other nanofluids (water-Al2O3 and
water-TiO2). Sebdenia et al. [7] performed a numerical study of
mixed convection in a square cavity filled with a nanofluid. The
results show that when the heat source is in the middle, the
effect of the addition of nanoparticles increases with increasing
Reynolds number and the heat transfer rate decreases with the
increase of the volume fraction of solid nanoparticles. Akbari et
al. [8] made a numerical simulation of mixed convection in a
horizontal, inclined tube with a uniform flow of heat using a
nanofluid. The results show that the concentration of Al2O3
does not have significant effects on the hydrodynamic
parameters, and then the heat transfer coefficient is at a
maximum when the tilt angle equals 45 °. Abu-Nada et al. [9]
studied numerically a laminar flow of mixed convection in an
inclined square enclosure filled nanofluid. They found that
significant improvement in heat transfer could be obtained due
to the presence of nanoparticles and the inclination of the
enclosure. Mahianet al. [10] they investigated analytically the
effects of the roughness of the tubes and the size of the
nanoparticles on the heat transfer and the generation of entropy.
They found that in elevated mass flow the entropy generation
decreases with increasing particle size and the decrease is more
visible to smooth tubes.
The objective of this study is to numerically simulate the
heat transfer properties of a mixed convection nanofluid Cuwater channel in a vertical parallel plate. The effects of the
volume fraction of solid, the Reynolds number and the Grashof
number were studied at the end to improve heat transfer

D

g

Tw

Tw

L

y
x
V0, T0
FIGURE 1: A SCHEMATIC DIAGRAM OF THE PHYSICAL
MODEL AND BOUNDARY CONDITIONS.
TABLE 1: THERMO-PHYSICAL PROPERTIES OF WATER
AND COPPER [2]

2. MATHEMATICAL FORMULATION
2.1 PROBLEM DESCRIPTION

Pr

The physical model is a vertical channel parallel plate
having a length to width ratio of A = L / D = 40 (Fig. 1). The
channel walls are maintained at a uniform and relatively high
temperature, Tw. An upward flow of Cu-water nanofluid enters
the channel at a relatively low constant temperature T0, and a
uniform speed, V0. Status conditions are considered stable and
the flow of nanofluid is assumed to be laminar and
incompressible. It is also assumed that the water and the Cu
nanoparticles are in thermal equilibrium and travel through the
channel with the same speed, and that the Cu nanoparticles have
a shape and a uniform size. The thermophysical properties of
pure water (the base fluid) and the nanoparticles are assumed to
be constant and are presented in Table 1 [2].

Pure
water
Copper
(Cu)

6.2

ρ
(Kg/m3)
997.1

Cp
(J/kgK)
4179

K
(W/mK)
0.613

Βx105
(1/K)
21

8933

385

401

1.67

2.2 GOVERNING EQUATIONS
Under the above mentioned assumptions, the governing
equations of the problem can be written in the following
dimensional forms:
(1)
(2)
(3)
(4)
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Where the properties of nanofluid can be defined based on the
properties of water and the Cu nanoparticles as:

(11)
The average Nusselt number (Num) is determined by
integrating the Nusselt number along the two vertical
walls:

(5)
(6)

(12)

(7)
3. NUMERICAL METHOD AND CODE VALIDATION

(8)

In this study, the Ansys-Fluent software 14.5 is used to
create the geometry and mesh of the vertical channel. A mapped
face is the mesh, which has been used with a number of nodes
2236. The flow is laminar model, which the entry was defined
as the speed, output by the pressure and the two walls by a
temperature constant. The schema associated with second order
Upwind is used to treat the pressure-velocity coupling problem
and to solve the governing equations. Relaxation factors have
been identified to default values. The normalized residual
values are 10-5 for the set of variables to converge the solution.

The effective dynamic viscosity and the thermal conductivity of
the nanofluid can be modeled by [11, 12]
(9)

(10)

2.3 BOUNDARY CONDITIONS

3.1 GRID INDEPENDENCE STUDY

The dimensional boundary conditions that are used to solve
equations, Eqs. (1) to (4), are as follows:

To review and evaluate the independence of the mesh on
the numerical solution, five uniform meshes are used in this
work: 15×55, 20×70, 82×82, 25×85, 30×100 and 35×115 nodes
for Gr = 1.59× 105, Re = 800, ϕ = 0.03 and A= 40. The results
of the variation of the mesh are presented in Table 2. It is found
that the variation in the average Nusselt number remains almost
constant from the 25×85 nodes. In our study, the 25×85 nodes is
adopted for all calculations.

u = 0, v = 0 and T = 60 (°C)for x = 0 and 0 ≤ y ≤ L
u = 0, v = 0 and T = 60 (°C) for x = D and 0 ≤ y ≤ L
u = 0, v = V 0 and T = 25(°C) for y = 0 and 0 ≤ x ≤ D
u = 0, ∂v/∂y = 0and ∂T/∂y = 0 for y = L and 0 ≤ x ≤ D

Table 2: GRID INDEPENDENCY RESULTS (Cu-water, A = 40,
ϕ = 0.03, Gr = 1.59× 105 et Re = 800).

2.4 NUSSELT NUMBER

Grid
Num

The local Nusselt number (Nu) along the vertical walls
can be expressed by:
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15×55
14.4405

20×70
14.4387

25×85
14.4375

30×100
14.4363

35×115
14.4354

FIGURE 2: VALIDATION OF THE PRESENT STUDY AGAINST THE RESULTS OF DESRAYAUD AND LAURIAT[18] FOR RE = 300
AND GR = 1.59× 105.

3.2 CODE VALIDATION
To verify the accuracy of the current study, the calculation
has been validated with the work of Desrayaud and Lauriat [13]
for the temperature profiles (Fig.2a) and velocity profiles (Fig.
2b) at Re = 300 and Gr = 1.59 ×105.
4. RESULTS AND DISCUSSION
To study the phenomenon of mixed convection in a vertical
channel parallel plate with an upward flow of Cu-water
nanofluid. The results are obtained: the volume fraction of solid
(0 ≤ φ ≤ 0.1), the Reynolds number (800 Re ≤ 1800), and the
Grashof number is varied by varying the channel width to go D
= 0.009 m to 0.02 m. This gives a range of the Grashof number
of 9.20× 104 to 1.27× 106. The wall temperature was fixed to
Tw = 60°C while the temperature of the inlet fluid is T0 = 25°C.
In this study, it has been assumed than the Boussinesq
approximation is valid despite a temperature difference of
35°C. The objective of this work is to study the effects of the
volume fraction of the solid, the Reynolds number and the
Grashof number on the heat transfer.
4.1 EFFECT OF SOLID VOLUME FRACTION
The temperature and velocity profiles for different values
of the volume fraction of solid at a fixed Re = 1800 and fixed
Gr = 1.59 ×105 are illustrated in Figure 3. This result is
expected because the equivalent thermal expansion coefficient
of nanofluid is lower than that of pure water. Accordingly, the
buoyancy that acts on the nanofluid is also less than that which
acts on pure water, so the speed is reduced Since the density
and viscosity of nanofluid are superior to those of pure water, in
addition, the thermal conductivity coefficient of nanofluid is
greater than that of pure water, so the nanofluid temperature is
higher than the pure fluide.

FIGURE 3: TEMPERATURE PROFILES (LEFT) AND
VERTICAL VELOCITY PROFILES U ALONG THE CHANNEL
OUTLET FOR VARIOUS SOLID VOLUME FRACTIONS Φ, AT
RE = 1800 AND GR = 1.59× 105
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Figure 5 shows the effect of the Reynolds number and the
volume fraction of nanoparticles on the streamlines and
isotherms. It can be seen from these figures that, for the two
Reynolds numbers, the flow is symmetrical along the vertical
channel; this is mainly due to the symmetry of the geometry and
the boundary conditions. In addition, increasing the Reynolds
number the streamlines become larger and grows near the
sidewalls. Similar symmetries are observed for isothermal than
can be observed in Figure 5. As can be observed in the
isothermal than, increasing the Reynolds number enhances
convection cooling of nanoparticles and underlines heat transfer
by dominant convection.
The results clearly show that the presence of nanoparticles
produced significant changes in the streamlines and temperature
distributions. This change is manifested by an increase in fluid
temperature. It is also noted that the region of the nucleus of
nanofluid is reduced compared to pure fluid. This can be
explained by the fact of adding nanoparticles to pure water
reduces the flow field strength because of the increased density.
Increasing the volume fraction of the solid causes a decrease in
the intensity of buoyancy, and therefore, the intensity of the
flow. Thus, the fluid moves slower in the cavity, in the presence
of the nanoparticles. Moumni et al. [15] have made a numerical
study of mixed convection for different types of nanofluids in a
square cavity partially heated with two lids motion. They found
that increasing the Reynolds number enhances convection
cooling by leading the nanofluid Cu-water to the two heat
sources. Furthermore, the addition of nanoparticles to pure
water reduces the force of the flow field due to the increase in
density.

Figure 4 shows the profile of the local Nusselt number
along the wall to different fractions of the volume of nanofluid.
It is clear that with the increase of the volume fraction of the
nanoparticles, the effective thermal conductivity of nanofluid
increases, which results in a better heat transfer from the fluid
within the channel, and a better transmission of heat.
Selimefendigil et al. [14] obtained the same results.

FIGURE 4: PROFILE OF LOCAL NUSSELT NUMBER NU FOR
VARIOUS SOLID VOLUME FRACTIONS Φ,
AT GR = 1.59× 105 AND RE = 1800.

4.2 EFFECT OF REYNOLDS NUMBER

Re = 800
ψ max, f = 0.356 (kg/s)

ψ max, nf = 0.463 (kg/s)

T max, f = 56.7(°C)
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T max, nf = 57.49 (°C)

Re = 1800
ψ max, f = 0.801 (kg/s)

ψ max, nf =1.043 (kg/s)

T max, f = 56.15 (°C)

T max, nf = 56.93 (°C)

FIGURE 5: STREAMLINES (LEFT) AND ISOTHERMS (RIGHT) FOR THE (F) PURE WATER Φ = 0 AND
(NF) NANOFLUID (CU–WATER) Φ = 0.1, AND TWO VALUES OF RE, at GR = 1.59 105.

Figure 7 shows the effect of the volume fraction of
nanoparticles, ϕ the average Nusselt number, Num for different
Reynolds numbers, Re. It is observed first, that the average
Nusselt number increases by increasing the Reynolds number
for all values of ϕ, therefore the heat transfer is improved by
increasing the effects of inertia. It is also noted than the average
Nusselt number increases linearly with increasing the volume
fraction of the nanoparticles for all values of the Reynolds
number. There exist two factors that affect the heat transfer
while increasing the volume fraction of the nanoparticles: The
first factor is the increase of the viscosity of nanofluid, that
slows its movement, which reduces the heat transfer rate; and
the second factor is an increase in the thermal conductivity of
nanofluid thus improving the heat exchange. The effect of
viscosity is less than the effect of the conductivity, and hence
the heat transfer rate increases by increasing the volume fraction
of solid.

Figure 6 shows the variation of local Nusselt number of
nanofluid (ϕ = 0.03) along the wall for different Reynolds
numbers to Gr = 1.59× 105. It is noted that, generally at any
location along the wall, the heat transfer increases with increase
in the Reynolds number due to the strong convection at higher
flow velocities. It is also worth noted that the transfer of heat by
convection dominates the flow field in the areas where the flow
enters the channel; however, the flow is dominated by the
natural convection in the output sections of the channel where
the flow velocity is minimal. Kasaeipoor et al. [16] present the
results of a numerical study of heat transfer by convection
mixed in a T-shaped cavity that allows entering and exiting a
nanofluid. They observed that in the local Nusselt number
increases with increasing Reynolds number.

FIGURE 6: PROFILE OF LOCAL NUSSELT NUMBER NU
ALONG THE WALLS FOR VARIOUS REYNOLDS NUMBERS
RE, AT GR = 1.59× 105 AND Φ = 0.03
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increase in the flow force, so the flow becomes stronger. As can
be observed in the isothermal that in increasing the Grashof
number reduces the thickness of the boundary layer near the
walls, while the maximum temperature decreases. Other
researchers [17] obtained the same results. The influence of the
addition of nanoparticles in the base fluid on the streamlines
and the isotherms in the channel is shown in Figure 8. It is
observed that in the streamlines become diluted due to the high
viscosity of nanofluid. It is noteworthy that in the streamlines,
the thickness of the thermal boundary layer in the vicinity of the
hot channel boundaries is increased by the addition of the
nanoparticles due to the increased thermal conductivity of the
fluid, which leads to augmentation the maximum temperature.

FIGURE 7: VARIATION OF AVERAGE NUSSELT
NUMBER NUM WITH SOLID VOLUME FRACTION Φ FOR
VARIOUS REYNOLDS NUMBERS RE, AT GR = 1.59× 105

4.3 EFFECT OF GRASHOF NUMBER
Figure 8 shows the effects of the Grashof number and the
volume fraction of nanoparticles on the streamlines and
isotherms. It can be observed from these figures, for the two
numbers Grashof the flow is symmetrical along the vertical
channel; this is primarily due to the symmetry of the geometry
and the boundary conditions. In addition, by increasing the
number of Grashofde 1.59 ×105 to 1.27× 106, the streamlines
become larger and grows to near the sidewalls, due to the
ψ max, f = 0.801 (kg/s)

ψ max, f = 0.801 (kg/s)

Gr = 1.59 105
ψ max, nf =1.043 (kg/s)
T max, f = 56.15 (°C)

Gr = 1.27 106
ψ max, nf = 1.043 (kg/s)

T max, f = 54.11 (°C)

T max, nf = 56.93 (°C)

T max, nf = 55.19 (°C)

FIGURE 8: STREAMLINES (LEFT) AND ISOTHERMS (RIGHT) FOR THE (F) PURE WATER Φ = 0 AND
(NF) NANOFLUID (CU–WATER) Φ = 0.1, AND TWO VALUES OF GR at RE = 1800.

flow when the Grashof number is increased (remember that Gr
increased by increasing the width of the channel D), which
stretches from the reverse flow in the axial directions and
transversal. This, in turn, accelerates the flow of fluid along the

Figure 9 shows than the natural convection always
increases the heat transfer efficiency and increases when the
channel width increases. This is due to the slowdown in the
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wall over a longer distance and hence increases the heat transfer
efficiency. Desrayaud et al. [13] studied the mixed convection
in vertical channels heated plates. They concluded that the
increase in the number of Grashof enhances heat transfer,
therefore, increases the number of local Nusselt.

FIGURE 10: VARIATION OF AVERAGE NUSSELT
NUMBER NUM WITH SOLID VOLUME FRACTION Φ FOR
VARIOUS GRASHOF NUMBERS GR, AT RE = 1800
FIGURE 9: PROFILE OF LOCAL NUSSELT NUMBER NU
ALONG THE WALLS FOR VARIOUS GRASHOF NUMBERS
GR, AT RE = 1800 AND Φ = 0.03

5. CONCLUSION

Figure 10 shows the effect of the volume fraction of the
nanoparticles, φ on the number average Nusselt number Num
for different numbers of Grashof, Gr. It is observed that the
addition of nanoparticles allows increasing the average Nusselt
number and therefore improving the heat transfer inside the
channel. This is due to the improvement of the effective thermal
conductivity of nanofluid with the increased volume of the
nanoparticles. In addition, the average Nusselt number increases
with the increase of the Grashof number. This is justified by
elevated effects of buoyancy forces and the heat transfer inside
the channel is dominated by convection. Moreover, the highest
values for the average Nusselt number are found in Gr = 1.27×
106, where a strong dynamic flow field appears in the channel.
Aminossadati Ghasemi and [18] have studied the natural
convection in a heated chamber partially filled with different
types of nanofluids. The results show that the increase of the
Grashof number and the volume fraction of the nanoparticles
enhances the heat transfer

The numerical study of mixed convection in a vertical
channel parallel plate with nanofluid, was performed. The effect
of the Reynolds number, the Grashof number and the volume
fraction of nanoparticles on the heat transfer has been
considered. The results show that increasing the volume fraction
of the nanoparticles enhances the heat transfer. In addition, an
increase in dimensionless numbers (Re and Gr) produced a heat
transfer rates significantly higher. It is noteworthy that there is a
slight difference in the orders of magnitude for Gr = 9.20× 104
and 1.59 ×105.
NOMENCLATURE
A aspect ratio of the channel (L/D)
D width of the channel, m
Cp specific heat, J kg-1 K-1
g gravitational acceleration, m s-2
Gr Grashof number, g βf D3 (Tw-T0)/υf2
k thermal conductivity, W m-1 K-1
L height of the channel, m
Nu local Nusselt number
Num
overage Nusselt number
p fluid pressure, Pa
Pr Prandtl number, υf /αf
Re Reynolds number, (2D u0/υf
T dimensional temperature, K
T0 inlet temperature, K
Tw dimensional wall temperature, K
V0 dimensional mean velocity, m s-1
u, v velocity components in x, y directions,ms-1
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x, y Cartesian coordinates, m
Greek Symbols
α thermal diffusivity of the fluid, m2 s-1
β thermal expansion coefficient of fluid, K-1
ϕ solid volume fraction
μ dynamic viscosity, kg m-1 s-1
υ kinematic viscosity of fluid, m2 s-1
ρ density, kg m-3
ψ stream function
Subscripts
f pure fluid
nf nanofluid
s nanoparticle
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ABSTRACT

vicinity of the study stationary solution, obtained from the
Navier-Stokes associated system when certain parameters
without relevant dimension of the problem (Reynolds number
Re, Rayleigh number Ra, Prandtl number ...) cross a given
threshold [1], [2], [3], [4], [5], [6]. In [1,7] Abid et al. have
experimentally studied the transition of the turbulent regime
laminar -, results showed thermo-convective instabilities of low
and high amplitudes that are manifested by fluctuations in the
wall temperature. For a geometrical configuration of a
horizontal rectangular channel Christoph [8] and Christoph et
al. [9] experimentally and numerically studied mixed
convection differing regimes, a stability diagram has been
established.
The objective of our work is to numerically study the
mixed convection in a horizontal cylinder transient to mount the
influence of convective thermodynamic instability on the
structure of the flow through the presentation of the thermal and
dynamic field’s fluid.

The present work is devoted to the numerical study of
transient mixed convection in a horizontal cylinder by using the
commercial software Ansys-Fluent; this study is carried out at
low Reynolds numbers and large Rayleigh number. The finite
volume method was used to solve the equations of the flow with
heat transfer. Comparisons with previous results were
performed and found to be in excellent agreement. The dynamic
and thermal fields found by our numerical simulations indicate
the existence of a return flow at the entrance of the heating
zone. In addition, the highlight of instability manifested, at the
bottom of the section right by a detachment of a "drop" of hot
fluid, at the level of the wall. The latter injects itself into the
colder fluid towards the middle of the straight section. We show
an exchange of the mode of heat transfer of convective to
diffusive breast of the boundary layer thermal, in bottom of a
straight section, and then a return to the original state.

2. Mathematical formulation

1. INTRODUCTION

2.1 Geometry of the problem

The study of a laminar flow in mixed convection regime
has been the subject of numerous experimental research,
numerical and theoretical in many geometric configurations in
recent decades because of its many industrial applications (solar
collectors, nuclear reactors, the heat exchangers, the food ...
etc.). They highlight the complexity of the instability of such
flow including transient. The theoretical and numerical work on
this subject based on a linear approach to the problem and
digital. This instability results in a topological change in the

The geometry of the problem shown in Figure 1, there is a
cylindrical duct horizontal thin with diameter D = 0.001, L =
0.60 in length
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At the exit of the pipe Z = 0.6:
∂U
∂V
∂W
=
=
=0
∂X
∂Y
∂Z

At the wall:
0 ≤ Z ≤ 0.2: U = V = W = T = 0 (the unheated wall):
0.2 ≤ Z ≤ 0.6: U = V = W = 0, dT / dy = dT / dX = 1 ( the
heated wall )
2.3 Numerical method
The system combines the equations to the boundary
conditions is solved numerically using the FLUENT
commercial code that uses the finite volume method using
SIMPLE algorithm with second order upwind schemes and
mesh that contains 1464081 nodes.

Figure 1: Geometry of the problem.
2.2 Dimensionless equations
Considering the following assumptions: the flow is laminar
and transitional, the fluid used is water (Pr = 7) with constant
physical properties except the density where the Boussinesq
approximation is considered, the heat transfer by convection
and by radiation with the outside is not taken into account. The
dimensionless governing equations for the unsteady threedimensional mixed convection are:
∂U ∂V ∂W
+
+
=0
∂X ∂Y ∂Z

3. Results and Discussions
3.1 Validation of the model
The validation of our numerical model is made by comparing
our results with experimental results found by Abid et al. [1],
the comparison (Figure 2) shows good agreement between the
results.

(1)

∂P 1  ∂ 2 U ∂ 2 U ∂ 2 U  (2)
∂U
∂U
∂U
∂U

+V
+W
=−
+ 
+U
+
+
∂τ
∂X
∂Y
∂Z
∂X Re  ∂X 2 ∂Y 2 ∂Z 2 
∂V
∂V
∂V
∂V
∂P 1  ∂ 2 V ∂ 2 V ∂ 2 V  Ra

+
+U
+V
+W
=−
+
+
+
T ( 3)
∂τ
∂X
∂Y
∂Z
∂Y Re  ∂X 2 ∂Y 2 ∂Z 2  Pr
∂W
∂W
∂W
∂W
∂P 1  ∂ 2 W ∂ 2 W ∂ 2 W 


+U
+V
+W
=−
+
+
+
∂τ
∂X
∂Y
∂Z
∂Z Re  ∂X 2 ∂Y 2 ∂Z 2 

(4)

∂T
∂T
∂T
∂T
1  ∂ 2T ∂ 2T ∂ 2T 


+U
+V
+W
=
+
+
∂τ
∂X
∂Y
∂Z
Pr  ∂X 2 ∂Y 2 ∂Z 2 

(5)

U, V and W are dimensionless velocity components in the X, Y
and Z coordinate, respectively. In the equations (2)-(5), the
dimensionless parameters as the Rayleigh number Ra , the
Reynolds number Re, and the Prandtl number.

Figure 2: This graph shows the validation of the model by
comparing the evolution of the temperature
upper wall (Th) and bottom (Tb) in right section in function of
the parameter z / v has the dimension of time.

2.2 Initial and boundary conditions
The initial and boundary conditions related to this problem
are:
At τ=0: U = V = W=0 and T = 0

3.2 Description of the flow from the longitudinal
planes

For τ>0, and at the entrance of the cylinder Z = 0:
W=W Poiseuille , U = V = 0 and T = 0 (Where W Poiseuille represents
the value of the Poiseuille flow at any point in the inlet section).

The longitudinal section (-0005 to <Y <0.005, 0 <Z <0.25,
Re = 50 and R = 3.108) shown in Figure 3 allows to highlight
the existence of a return flow. This manifests itself as a
superimposed horizontal cell on the main flow of the fluid, the
size of the cell increases with flux imposed on the wall (increase
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in Ra) and impoverished with increasing the speed of entry of
the fluid (the increase of Re) until disappearance for large
values of the number Re> 200. Christophe [8] experimentally
observes this return flow.
Figure 3a also shows an acceleration of the fluid along the
main direction of the fluid. This result is easily understood. For
the acceleration of the fluid is due to the decrease in the passage
section (retention rate), and the reinjection of the fluid
preventing return fluid flow from the heat input field.

of flow structure, such a phenomenon is the result of an
exchange of the heat transfer mode in diffusive convection in
the thermal boundary layer at the bottom of a cross section.

+

Z= 0.25

Z= 0.30

(a)

Z= 0.35

Z= 0.40

Figure 4: Presentation of the axial evolution of thermal
field in various cross sections (For Re = 50, Ra = 3 x 107).
(b)
Figure 3: Longitudinal section of the duct - 0005 <Y <0.005,
0 <Z <0.25 (for Re = 50, Ra = 3 x107).

3.3 Description of the flow from the straight
sections
If one moves a little further than the entrance to the heating
area, it appears to a bump velocity field. In order to show the
effect of the latter on the structure of the flow we have
presented the velocity field and temperature in the cross
sections along the line for differing Z score (Figure 4 and
Figure 5).
Figure 5 shows a secondary flow, which manifests itself in
two convective contra-rotating rollers carried by the main flow
due to the effect of natural convection. The influence of the
latter on the temperature field shows a thermal stratification in
the top of the straight section (Figure 4). This flow structure is
destroyed by the appearance of secondary instability that
develops in the bottom boundary layer of the cross section and
is manifested by a detachment of a '' drop '' hot fluid, the latter s
'injected into the colder fluid towards the central area of the
cross section. We see his death and return to the original state

Z=0.25

Z= 0.33

Z=0.30

Z= 0.40

Figure 5: The axial development of the velocity field in
various cross-sections (for Re = 50, Ra = 3 x 107)
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4. CONCLUSION
The present work is devoted to the numerical study of
transient mixed convection in a horizontal cylinder by using the
commercial software Ansys-Fluent. All the thermal and
hydrodynamic fields show the development of thermal
instability manifested by a detachment of '' drop '' hot fluid, at
the wall, and its injection into the colder fluid towards the
central area of the cross section.
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ABSTRACT

dislocation glide usually occurs in specific plans for the crystal
lattice. In fact, the slip planes are almost always found to be the
strongest plans atomic density, and slip directions the densest
crystallographic directions. Table 1 summarizes the main slip
systems found in the hexagonal structural materials

In a bicrystals heterophase of materials of hexagonal structures,
the active slip system for a dislocation near the interface is
related to the dislocation energy in the slip plane corresponding.
The energy of a dislocation depends on the elastic and
crystallographic parameters of the materials constituting the
bicrystals and more particularly the shear modulus of the two
crystals and the ratio c/a. In this study we are interested in to
determine the favorable slip plane of an edge dislocation
interacting with a heterophase interface. The favored slip plane
is the one where the dislocation has the lowest energy. In
bicrystals we propose that the energy of a dislocation is
calculated as the sum of its energy in infinite crystal and the
energy when it is located at the interface within the meaning of
Barnett and Lothe. The edge dislocations are located in crystal
(1) of a bicrystal among Zn, Be, Co, Ti, Zr, Mg and Tl which
are elastically anisotropy metals. The interface is defined by its
plane which is basal one for the two crystals and a null
disorientation.

crystal Structure

Slip direction

Hexagonal (HCP)

1/3<11 2 0>

Slip plane
{0001}
Basal (B)
{10 1 0}

1/3<11 2 0>
Prismatic (P)
{10 1 1}
1/3<11 2 0>

1/6<11 2 3>

Pyramidal (π1)
{11 2 2}
Pyramidal (π2)

Table 1: Principal slip systems observed [1,2].
Various theories try to predict the principal slip system in HCP
metal monocrystals. Prediction criteria of the main slip planes
have been proposed, including Legrand criterion [2] which
gives a key role to the ratio c / a
In the case of a bicrystal we focus on the role of the second
crystal in determining the slip plane of a edge dislocation
interaction with the interface of bicrystals. We selected three
families bicrystals Zn-X, Ti-X and Mg-X, X is material of
hexagonal structure and the dislocation is located respectively
in the zinc which the ratio c / a is greater than √ (8/3), Titanium
with c / a lower √ (8/3) and magnesium with c / a near √ (8/3).
The energy of the dislocation is calculated in basal and
prismatic planes, the slip plane is then determined as the plane
where the edge dislocation has the lowest energy [3].

The results show that the favored slip plane is selected by the
c/a ratio of the crystal which is located dislocation. This result
is in accordance with those of the behavior of dislocations in
single crystals except for the cases crystals of the c/a ratio close
to (8/3) (Mg and Co)
INTRODUCTION
In monocrystals of hexagonal structure, many studies using
multiple theoretical approaches have tried to explain why such
a hexagonal metal had such slip system rather than another.
Microscopic analyses of deformed samples have shown that the
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MATERIALS AND METHODS
1500

We consider bicrystals of hexagonal structure materials Zn-X,
Mg-X, and Ti-X (X is a hexagonal material) with the
parameters summarized in Table 2. We choose an edge
dislocation of Burgers vector b = a / 3 [11-20] located in the
crystal 1 which is respectively Zinc, Magnesium and Titanium
or slidable in the basal plane and the prismatic plane. The
interface of bicrystal is defined by its (0001) plane and zero
disorientation.
The energy of the dislocation is calculated as the sum of his
energy E I in the infinite crystal and energy E I / II when it is
located at the interface within the meaning of Barnett and Lothe
[4].
𝜇𝜇𝑏𝑏 2�
𝐸𝐸𝐼𝐼 =
4𝜋𝜋 (1 − 𝜈𝜈)
E I/II is the same prelogarithmic factor for a dislocation located
in the interface.
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Table 2: Structural and Elastic parameters of hexagonal
structural materials considered:
Structural parameters a and c (Å), shear modulus µ (GPa) [5-8].
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RESULTS AND DISCUSSION
Figure . Energies of an edge dislocation in the bicrystals of the
materials of hexagonal structures in slip planes
basal (
) and prismatic (
) depending on the difference of
shear modulus ∆µ :
a) c / a> 1.63: bicrystals Zn-X
b) c / a <1.63: bicrystals Ti-X
c) c / a ≈ 1.63: bicrystals Mg-X

The results are shown as curves of the sum of energy of an edge
dislocation near a heterophase interface according to the
differences of the shear modulus of the materials constituting
the bicrystal in the basal and prismatic slip plane.

a)

Dislo [1-100]located in basal plane (0001)
Dislo [0001] located in prismatic plane (10-10)
Burgers vector: b=a/3[11-20]

1400

From Figure 2 it is observed that for a given slip plane energy
of the dislocation increases with ∆µ. Each bicrystal the
difference in energy between the two slip planes increases with
∆µ. This difference is important when the dislocation is in a
crystal having a ratio of c / a lower or higher than √ (8/3) (Zn-X
and Ti-X) Fig. 2a and 2b and becomes negligible for a
dislocation located in a crystal report c / a near √ (8/3) (Mg-X)
Fig.2c.

1300
Zn-Be

1200

Zn-Co

E(1)+E(1/2) (pJ/m)

1100
1000

Zn-Ti
Zn-Zr
Zn-Cd

900
800

Zn-Mg

700
600

Zn-Tl

500

Previous studies have shown [9.10] for a difference of shear
modulus is negative , the image force due to the interaction of
dislocation with the interface is attractive, which has the effect
of attracting to the interface all dislocations located at a
distance d shorter than the distance of effective image force
(dc). When the difference ∆µ is positive, the image force is
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repulsive, all the dislocations located at a distance lower than
the distance (dc), are removed from the interface.

[6] O. Khalfallah, M. Condat and L. Priester, A67, 1993, 231.
[7] G. Leipfrid and B. Breuer, « Point defect in metals », Springer
Verlag, Berlin, 1978, 129.
[8] H. B. Huntington, « The elastic constants of crystals »,
Academic Press, N. Y., 1958, 66.
[9] A. Ayadi, A. Ouchtati and O. Khalfallah « Dislocation –
interphase boundary interaction in HCP bicrystals Zn-X, X = Be,
Co, Hf » IOP Conf. Series: Materials Science and Engineering 13
(2010) 012023
[10] A. Ayadi and O. Khalfallah «Image Force Effect on the
Separation of Partial Dislocations in Bicrystals of Hexagonal
Structure Zn_Tl and Zn_Be » , Acta physica polonica A , Vol 123
(2013) No.2 p.302

Figure 2 also shows that the energy of an edge dislocation near
the interface is stronger when it located in the softest crystal
(µ∆> 0) it is lower when the dislocation is in the harder crystal
(∆µ <0).
In all Zn-X bicrystals, the energy of dislocation located in Zn,
for which the c / a ratio is greater than 1.63, is the lowest in the
basal plane which is the favored slip plane.
In all Ti-X bicrystal the energy of dislocation located in Ti, for
which the c / a ratio is less than 1.63, is the lowest in the
prismatic plane which is the favored slip plane.
In bicrystals Mg-X, the energies of dislocation located in Mg,
for which the c / a ratio is close to 1.63, are close in the
prismatic plane and in the basal plane. In these bicrystals it is
difficult to identify a favored slip plane.

CONCLUSION
L’énergie d’une dislocation proche de l’interface d’un bicristal
dépend des paramètres élastiques et cristallographiques des
matériaux constituant le bicristal. L’énergie de la dislocation
dans le bicristal est forte quand elle située dans le cristal le plus
mou, elle est faible quand elle située dans le cristal le plus dur.
Le plan de glissement favorisé est contrôlé par le rapport c/a du
cristal où est située la dislocation. Ce qui permet de conclure
que l’effet de la bicristallinité est faible et ne modifier pas les
résultats concernant les systèmes de glissement favorisés des
dislocations dans les monocristaux.
.
The energy of a dislocation near the interface of a bicrystal
dependent the elastic and crystallographic parameters of the
materials constituting the bicrystal. The energy of the
dislocation in the bicrystal is strong when it located in the
softest crystal, it is weak when it located in the hardest crystal.
The favored slip plane is controlled by the c / a ratio of the
crystal which is located dislocation. This allows concluding that
the effect of bicrystallinity is small and does not change the
results for favored slip systems of dislocations in single
crystals.
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Abstract
The optimal operation of the cupola
furnace is dependent on several factors such as
the quality of raw materials, coke rate, the
temperature of the molten iron, the amount of
wind, the effective depth, the sophistication of
the cupola, etc ... In this article, we suggested
a mathematical approach in determining the
maximum temperature of the molten iron at
the exit of the cupola. High casting
temperature ensures a good flow of melt
through the various lines of mold complex
shapes often avoiding defects in parts such as
non-goings and coves. The analytical
determination of this temperature uses a series
of theoretical relationships of heat transfer
gas-metal and empirical simplifying
assumptions arising observed experiences in
the conduct of the cupola. In practice the
cupola, H. Jungbluth has established for the
first time an experimental relationship between
the temperature of the molten iron, the
performance schedule, the rate of coke and the
volume of wind (hot and cold). These
relationships between the various cupola
settings are represented by a reticular pattern
practice [2, 3,6]. In many cases, in addition to
the parameters influencing the running of the
cupola, the maximum temperature of the melt
can also be obtained when in the presence of
an optimal working height based on the
premise of A. Achenbach which included

Super imposing the lower limit of the melting
zone with the upper limit of the combustion
zone [2, 5,6].
Introduction
The current trend in the development of
cupolas is to achieve the highest possible
temperature of the molten iron to ensure a
permanent and regular flow of melt through
the various courses of the mold to the often
complex shapes. It also can significantly
reduce the coke rate, which is the main source
of sulfur in the cast. In order to increase
thermal efficiency and economic
redevelopment of several cupola were made to
last for more than 60 years such as heating
wind, the introduction of 2 to 3 rows of
nozzles, enrichment wind oxygen etc.
The objective of this article is to study the
best way of working for the greater
temperature of the molten iron in the cupola.
Generally, most of the formulas used in the
calculation of the temperature of the liquid
cast iron stem from the basic theory of heat
transfer between the metal and the gas
resulting from the combustion of coke. A high
degree of overheating DT Max liquid iron at
the combustion zone reflects the running of the
cupola; which has an influence on the quality
of parts.
Calculation of the amount of heat exchange
between the liquid metal and the gas in the
combustion zone
This quantity of heat exchanged flows from
the heat exchangers theory [1].
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In order to determine ΔTp, max, use is made
of other empirical formulas [3, 9]
Tg, 2 = 1620 + 0.4 (Td - Tot)
(5)
so:
Tg 2 - gas temperature at the entrance to the
fusion zone, K
Td - Wind temperature, K
Tot - ambient temperature of the air sucked by
the fan, K
Referring to equations (2) and (5), we can
calculate the temperature of the maximum
temperature of Tg gas 1 in the combustion
zone

Vg 1. CG 1. mk .ΔTg, 1 = s. Cm, 1 .ΔTp, max (1)
so:

Vg 1 - volume of gas resulting from the
combustion of 1 kg of coke in the combustion
zone to
P = 1 atm, m3 / kg
CG, 1 - average specific heat of gases in the
combustion zone for P = 1 atm,
J / m3. K
mk - coke rate, kg / sec
ΔTg, 1 - drop in gas temperature in the
combustion zone due to the heating of the
liquid iron, K
s - speed metal, kg / sec
Cm, 1 - mean specific heat of the liquid metal
in the combustion zone, J / kg.K
.DELTA.T, Max - superheating degree of the
molten metal in the combustion zone, K
It should be noted that the value ΔTp, max can
be easily calculated from equation (1) when
the value of ΔTg, 1 is known or vice versa.
Many formulas related to heat transfer theory
and mass are often used in calculating ΔTp,
max.
Referring to many experimental data
treating step of the cupola, it is found that the
lowering of the gas temperature in the
combustion zone ΔTg, 1 is substantially
constant, depending on the blast temperature
and in any case the position of the lower limit
of the melting zone with the upper boundary
of the combustion zone (see postulate
Achenbach). The value of ΔTg, 1 can be
calculated by the empirical formula [2, 9].
ΔTg, 1 = 150 + 0.2 (Td - 20)
(2)
so:
Td - Wind temperature, K
Determining ΔTp, max can be cal:culated by
substituting (2) into (1) to give
Vg ,1.C g ,1 [150 + 0,2(Td − 20 )]
∆T p ,max =
.K (3)
100Cm,1

Tg, 1 = Tg, 2 + ΔTp, max = 1770 + 0.6 (Td -20) (6)

In the case where all of the metal base in the
combustion zone, there is then a decrease in
the degree of superheating ΔTs which is
represented by the relationship
ΔTs=

C m ,1

(7)

so :
Le - heat of fusion of metal + heat of
formation of slag, J / kg
Cm, 1 - specific heat of the metal in the
combustion zone J / kg.K
In order to search ΔTp, max, it is often
necessary to resort to some empirical formulas
for calculating Vg, i (Vg 1, Vg 2, Vg, 3), Lk, i
(Lk, 1, Lk 2, Lk, 3), Cg, i (Cg, 1, Cg, 2, Cg, 3),
nv i (nv, 1, nV 2, nV 3), Cm, 3 and μk where
the indices 1,2,3 represent the combustion
zone, melting and preheating.
nv i - burning index
μk - linear speed of burning coke, m / sec
In the heat transfer theory and mass in the
cupola, the values of Vg, i and Lk, i are always
represented as a function of nv i
[CO 2 ] v
.100 (8)
n v ,i =
[CO2 ]v + [CO ]v

K- coke rate and K =
He noted that there's place ΔTp, max is
located in the combustion zone and reached its
highest value in the postulate of Achenbach. In
most cases, ΔTp, max can also be reached at
the point eutectic namely for a carbon content
of 4 to 4.2% (see Fe-C diagram). The eutectic
point, the maximum temperature of the liquid
cast iron is given by the relation
Tm = 1150 + ΔTp, max

Lf

so :
[CO2] v - CO2 content of the gas in the
zone i,%
[CO] v - CO content of the gas in zone i,%
empirical formulas for calculating Vg, i and
Lk, i
Vg, i = 0.054 (100 0.66 nv i). Ck (9)
Lk, i = 4.45 (1 + 0.01 nv i) .ck
(10)
Or :
Ck - mass fraction of carbon in the coke

(4)
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In the calculation of the specific heat of the
gas in a given zone i, we admit that the fumes
consist only of CO2, CO and N2; and Cg, i is
calculated from the
equation:
Vg ,1.C g ,1 [150 + 0,2(Td − 20 )]
∆T p ,max =
.K (11)
100Cm,1

After substitution of these values into
equation (16) yields Cg, 3 (specific heat of the
gases in the preheating zone) then becomes:
CG 3 = 1354,51+ 242.35
(17)
Generally the temperature of the gases in
the melting zone is from 15000C, so the
average values of specific heats are:
CCO - 2304 J / m3K,
CCO - 1447 J / m3K, CN - 1431 J / m3K
After substitution of these values into equation
(16) we obtain:
CG 2 = 1436.55 + 293.71
(18)
In practice the cupola furnace, the gas
temperature in the combustion zone is
1700oC, so the values of the specific heat of
CO2, CO and N2 at this temperature are
CCO = 2343 J / m3K,
CCO = 1464 J / m3K, CN = 1448 J / m3K
After substitution of these values into equation
(16) we obtain:
CG, 1 = 1453,55+ 301.35 +
(19)
For calculating μk (linear burning rate of the
coke), it is proposed an empirical formula [4]

Or :
C, C, C - specific heat of CO2, CO, N2 in the
00C temperature band to the temperature of
the given zone i, J / m3.K
[CO2] v [CO] v [N2] - respective contents
CO2, CO and N2 in area i,%
The CO concentration is given by the
empirical formula [6.7]
[CO] v = 34.7 to 1.66 [CO2] v

(12)

Knowing that [N2] v is the complement of
[CO2] v and [CO] v, we get
[N2] v = 100 - ([CO2] v + [CO] v) (13)
Equation (11) can then be written as
Cg ,i =

34,7Cco + 65,3C N

+

2

100

CCO + 0,66C N − 1,66CCO
2

2

100

μk = m. w0,85.Co1,89 (Td +273) 0.28 (20)

[CO2 ]v (14)

so :
w - velocity of the gases through the charge in
the combustion zone for P = 1 atm, m / s
C - volume fraction of oxygen in the wind,
m3 / m3
m- coefficient dependent on the quality of
coke
The speed of the gas w is calculated from the
formula [4]

Referring to formulas (8) and (12), the CO2
content in the gas can be plotted nv i by the
formula
n v ,i
(15)
[CO2 ]v = 34.7
100 + 0,66n v ,i
Substituting (15) into (14) we finally
obtained Cg, i as a function of nv i
C g ,i =

34,7CCO + 65,3C N
100

2

+

CCO + 0,66C N − 1,66CCO
2

2

100

*

ω=

(16)

34,7nv ,i
100 + 0,66nv ,i

1,05 p F
 ρ n,k
1 −

ρk







1, 5

(21)

so :
- Bulk density of the coke, kg / m3
For the calculation of combustion coefficient
values in different areas, one admits that nv, 1
= 100% in the combustion zone (it is assumed
that all the carbon burns to CO2) and nv, 2 =
nv 3 = nv nv which is determined on the basis
of the chemical analysis of the gas at the outlet
of the preheating zone by means of a gas
analyzer. In the case where the chemical
composition of the gas at the outlet of the
preheating zone is not accessible, then one can
calculate nv using an empirical formula [3]

For the calculation of specific heats of
gases, it is necessary to know the values of
combustion coefficient nv, i and specific heat
of CO2, CO and N2 in the temperatures of the
different zones. Generally, for a conventional
cold blast cupola, the average gas temperature
in the preheating zone is 7000C. Therefore in
this area, the average values of the specific
heats of CO, CO2 and N2 are given by the
thermodynamic tables.
CCO = 2061 J / m3K,
CCO = 1354 J / m3K, CN = 1341 J / m3K
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 9,865

nv = 
+ 0,15 .100 (22)
 K .Ck

Based on the formulas 1 to 22 mentioned
above and on the basis of a coke net calorific
value of 300kJ / kg and 86% of carbon, we
established the relationship between the

various parameters of the cupola (rates coke,
combustion index, volume smoked, CO and
CO2 content of the fumes, degree of
superheating of the melt in the combustion
zone), which are shown in table 1.

Table 1: Relationship between the various parameters of the cupola
K

nv

Vg

89,9
79,2
71,2
64,9
59,9
55,9
52,5
49,6
47,1
45,0
43,1
41,4

m
/kg
7,4
7,1
6,8
6,6
6,5
6,4
6,3
6,2
6,1
6,0
6,0
5,9

%
6
7
8
9
10
11
12
13
14
15
16
17

3

Lk
3

m /
kg
7,3
6,9
6,6
6,3
6,1
6,0
5,8
5,7
5,6
5,5
5,5
5,4

C g ,2
3

J/m .
K
1602
1589
1579
1570
1563
1556
1551
1546
1542
1538
1535
1532

C g ,3
3

J/m .
K
1484
1472
1463
1456
1450
1444
1440
1436
1433
1430
1427
1424

C m ,3
3

J/m .
K
737
744
751
758
765
772
779
786
793
800
807
814

Conclusion
This article presents the theoretical
foundations of the melting process of melting
cupola. According to A. Achenbach, the
maximum degree of superheating of the
molten iron is obtained in the case where the
lower limit of the melting zone is
superimposed on the upper limit of the
combustion zone that is to say when one is
presence of an optimal working height which
itself is a function of the inner diameter of the
cupola. The formulas discussed in this article
show that:
1. Temperature overheating of the liquid cast
iron increases when the index increases
combustion ie when using a good quality coke
with high calorific value.
2. the volume of air needed for combustion
depends on the coke content.
3. Temperature overheating of the melt in the
combustion zone of the cupola furnace is
inversely proportional to the rate of coke.

[CO 2 ]

[CO]

%

%

19,6
18
16,8
15,8
14,9
14,2
13,5
13,0
12,5
12,0
11,6
11,3

2,2
4,7
6,8
8,5
10,0
11,2
12,3
13,2
14,0
14,7
15,4
16,0

m 3,1

∆ T g ,2
0

K

1,12
1,02
0,94
0,87
0,81
0,76
0,72
0,68
0,65
0,62
0,59
0,57

422
381
348
320
296
276
258
242
228
216
205
195

4. The temperature of the melt is also
dependent on the quality and homogeneity of
metal fillers and coke.
5. The shapes and sizes of coke and metal
fillers have an influence on the temperature of
the liquid iron.
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ABSTRACT
The thermal stability and kinetic parameters of epoxy resin
RTM6 using non-isothermal thermogravimetry/derivative
thermogravimetry (TG/DTG) analysis a series of different
ratios of TiO 2 -PC500 1%, 2%, 5% and 10% with epoxy resin.
The kinetic parameter was evaluated by integral and
approximation methods. Results obtained indicated that these
parameters were dependent on different ration of TiO 2 .
According to the thermogravimetric curves showed that the
activation energy at high of higher conversion increases with
increasing the percentage of TiO 2 .

II. KINETIC ANALYSIS

I. INTRODUCTION

Where k is the specific rate constant. The temperature
dependence of k is expressed by the Arrhenius Equation (2) :

In the non-isothermal experiments carried out with a
thermobalance, the sample mass is measured as function of
temperature. The rate of degradation or conversion, dα/dt
dα
= k f (α )
d t

At the same time, there is an increasing demand on heat
resistance, since epoxy resins are often applied for electronics
under a high speed operating environment [1].
It has long been known that the presence of fillers in a
polymer increase the mechanical properties of the polymer.
Nanocomposite materials garner most of their material
improvements from interactions at the molecular scale,
influencing physical and material parameters at scales
inaccessible by traditional filler materials [2, 3].
Recently the use of thermal analytical methods
thermogravimetry/derivative thermogravimetry (TG/DTG)
and Differential Scanning Calorimetry (DSC), for epoxy
resins characterization have greatly interested food industries.
In this study, the detailed investigation of thermal
decomposition of epoxy resins containing a commercial TiO 2
PC500 from Millennium at different percentage 1%, 2%, 5%
and 10%, after to evaluate the thermal stability and to
determine the thermal decomposition kinetic parameter
(activation energy) have been determine by various methods.

 E 
k = A exp  − a 
 RT 

(1)

(2)

Where A is the Arrhenius constant, E a is the activation
energy, R is the gas constant and T is the absolute
temperature.
The combination of equations (1) and (2) gives :
dα
 E 
= A exp  − a  f (α )
d t
 RT 
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(3)

If the temperature of the sample is changed by controlled and
heating rate, β = dT/dt, the variation in the degree of
conversion can be analysed as a function of temperature, this
temperature being dependent on the time of heating.
Therefore, the rearrangement of Eq (3) gives :

 A
dα
 Ea 
=
 exp  − RT  f (α )
β 
d T





The activation energy can determined from a plot of
ln(β/T2 max ) against 1/T max.
The integral method involves an approximate integration of
Equation (5). Two kinds of integral methods are applied in
this paper.
Flynn-wall-Ozawa method, using the Doyle’s approximation
for integration, has been expressed as :
 AE 
E
ln β = log 
 − 2,315 − 0,4567
(
)
g
R
RT
α



(4)
(8)

Integrating the equation above, the theoretical basis for
kinetics calculations by non-isothermal methods (integral and
approximation) is obtained.

g (α )=

α

∫
0

dα
A
 E 
exp  − a  dT
=
f (α ) β ∫0
 RT 

Using Equation (8), the linear representation of log β versus
1/T allows us to determine the activation energy with a given
value of the conversion.

III.

T

(5)

The materials used in this work were a commercially
available grade of the Diglycidyl Ether of Bisphenol A ((4-(2,
3 epoxypropoxy) phenyl) propane abbreviated as DGEBA. It
was under its commercial presentation (Dow Chemical
Company;
DER
332)
The
cure
agent
was
4,4’-DiaminoDiphenylSulfone (DDS).
Titanium dioxide TiO 2 -PC500 from Millenium Inorganic
Chemicals (anatase > 99%, Surface area 250m2), crystallite
mean size = (5-10 nm) were used as received.

Where: A is the frequency factor, T is the temperature, R is
the gas constant, β is the heating rate and E a is the activation
energy.
Among dynamic methods, differential, integral and
approximation methods can be cited, where studies were
carried out previous works (Souza and others 1998). In this
work we have selected the following methods, representative
of different categories and applied several equations to the
thermal data : Kissinger (Differential method) and FlynnWall-Ozawa (iso-conversional method). The kinetic
parameters calculated were : activation energy (E a ).
Kissinger method involves the maximum temperatures (T max )
of the first derivative weight loss curves at multiple heating
rates. The activation energy can be determined by Kissinger’s
method without a precise knowledge of the reaction
mechanism, using the following equation (6).

 dα
1
ln 
⋅
α
d
T
1
−



1
= f  
T 


III.2. Preparation of samples
The epoxy samples were prepared by the following three
steps:
1. Heating the epoxy resin in a oven at 40°C due to
storage problem,
2. Adding the TiO 2 at different percentage 1%, 2%, 5%
and 10%,
3. Heating samples at 135°C for 6 hours.
III.3. Apparatus
TGA: The thermogravimetry analysis (TGA) was carried out
on a SETARAM 92-12 apparatus under an N 2 atmosphere.

(6)

Where T max is the temperature corresponding to the inflection
point of the thermodegradation curves which corresponds to
the maximum reaction rate, α max is the conversion at T max and
n is the reaction order.
Taking into account the Kissinger’s approximation which
states that

f ′(α max )= n (1 − α max )n −1 ≅ const

EXPERIMENTAL

III.1. Reagents

Fig. 1. TGA apparatus

Methods
TGA
The thermal property of Epoxy resin/TiO 2 sample was
investigated by TG/DTG under N 2 environment. The
analyses were carried out using heating rates of 5.0, 10.0,
20.0 and 30.0°C.min-1. For each experiment approximately
20.0mg up to 850°C.

(7)
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Fig.3. TGA THERMOGRAMS OF RTM6 WITH TIO 2
AT A CONSTANT HEATING RATE OF 10°C.MIN-1

IV.

Figure 4, show the TGA thermograms of epoxy resin
containing a 1% of TiO 2 , corresponding to dynamic
experiments carried out at different heating rates (5, 10, 20,
and 30°C.min-1).

RESULTS AND DISCUSSION

The thermogravimetry curve (Figure 2) show the thermal
behavior of the epoxy resin (RTM6) and TiO 2 at a constant
heating rate of 10°C.min-1, indicating that the thermal
decomposition. A plateau may be observed, indicating a
thermal stability of the epoxy resin up to approximately
300°C and 100°C for TiO 2 . The end of the decomposition is
at about 650°C.

Weight (%)

5°Cmin-1
10°Cmin-1
20°Cmin-1
30°Cmin-1

Weight (%)

RTM6
TiO2

Temperature (°C)

Fig.4. TGA THERMOGRAMS OF RTM6 WITH 1% OF TIO 2
AT DIFFERENT HEATING RATES

The corresponding differential (DTG) curves of this sample
are shown in Figure 8. The thermal decomposition process in
two steps degradation, probably corresponding to epoxy resin
2 step corresponding to the degradation of ether group
structures in the polymer matrix [4, 5].

Temperature (°C)

Fig. 2. TGA THERMOGRAMS OF EPOXY RESIN AND TIO 2 AT
A CONSTANT HEATING RATE OF 10°C/MIN

Weight (%)

The corresponding differential thermogravimetric (DTG)
curve of these epoxy resin are shown in Fig. 2. The thermal
decomposition process occurs in 2 steps, probably
corresponding to saturated (300°C to 650°C).
Kinetic study
The non-isothermal kinetic study of weight loss during a
thermal decomposition process of epoxy resin containing
TiO 2 at 1%, 2%, 5% and 10%. Two different methods, all
based on Arrhenius kinetic theory, were used for the kinetic
analysis of the TG/DTG data: one based on differential
method and other based on integral method. In all of these
methods, calculations were performed to estimate the kinetic
parameter activation energy.
For obtaining the kinetic information, such as the activation
energy, the TGA study has been conducted with the variation
of the heating rates in this paper.
Figure 3, shows the TGA thermograms of epoxy resin
containing different percentage of TiO 2 1%, 2%, 5% and
10% at a constant heating rate 10°C.min-1.

5°Cmin-1
10°Cmin-1
20°Cmin-1
30°Cmin-1

Temperature (°C)

Weight (%)

Weight (%)

Fig.5. TGA THERMOGRAMS OF RTM6 WITH 2% OF TIO 2
AT DIFFERENT HEATING RATES

5°Cmin-1
10°Cmin-1
20°Cmin-1
30°Cmin-1

1%
2%
5%
10%

Temperature (°C)

Fig.6. TGA THERMOGRAMS OF RTM6 WITH 5% OF TIO 2
AT DIFFERENT HEATING RATES
Temperature (°C)
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Samples

RTM6+1%TiO 2
RTM6+2%TiO 2
RTM6+5%TiO 2
RTM6+10%TiO 2

First Step
Temperature
Dm
rang (°C)
(%)
280 to 500
63,44
280 to 500
65,43
280 to 500
68,45
280 to 500
74,76

T (°C)
410,10
415,78
425,76
435,56

Second step
Temperature
dm
rang (°C)
(%)
500 to 834,12
26,42
500 to 834,12
28,67
500 to 834,12
30,45
500 to 834,12
33,56

0.996
0.998
29
168
2

Fig.8. DTG CURVE OF A SAMPLE AT A CONSTANT
HEATING RATE OF 10°C.MIN-1

0.00-0.50
0.50-0.98
1 Step 0.00-0.50
2 Step 0.50-0.98
10%TiO

Temperature (°C)

683.56
971.56

0.993
0.995
25
161
0.00-0.50
0.50-0.98
1 Step 0.00-0.50
2 Step 0.50-0.98
5%
TiO 2

678.56
967.78

0.998
0.997
23
157
675.67
960.34
0.00-0.50
0.50-0.98
1 Step 0.00-0.50
2 Step 0.50-0.98
2%
TiO 2

dm = 5.390 mg
36.556 %

0.995
0.998
673
953
0.00-0.50
0.50-0.98
1 Step 0.00-0.50
2 Step 0.50-0.98
1%
TiO 2

Conversion α

dm =-12.943 mg
63.444%

Region

Deriv. Weight (%/min)

Fig.7. TGA THERMOGRAMS OF RTM6 WITH 10% OF TIO 2
AT DIFFERENT HEATING RATES

21
155

Correlation
coefficient r
Activatio
n Energy
Ea
(KJ/mol)
T max (K)
(β=10°C.min-1)

Temperature (°C)

Samples

Weight (%)

5°Cmin-1
10°Cmin-1
20°Cmin-1
30°Cmin-1

TABLE II
CALCULATED DECOMPOSITION ACTIVATION ENERGIES FOR
EVERY STAGE OF ALL SAMPLES BY KISSINGER METHOD

T (°C)
650,11
654,67
699,98
673,45

Ln (β/Tmax2)

Log (β)

TABLE I : CALCULATED DECOMPOSITION
ACTIVATION ENERGIES FOR EVERY STAGE OF ALL
SAMPLES BY KISSINGER METHOD

1/ Tmax (K-1)

Fig.10. PLOTS OF LOG Β VERSUS 1/T OF RTM6 WITH 1% OF
TIO 2 FOR CALCULATING THE ACTIVATION ENERGIES BY
FLYNN-WALL-OZAWA

1/ Tmax (K-1)

Fig.9. PLOT OF LN(Β/T MAX 2) VERSUS 1/T MAX OF RTM6 WITH
1% OF TIO 2 FOR CALCULATING THE ACTIVATION
ENERGIES BY KISSINGER METHOD
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Samples
1% TiO 2
2% TiO 2
5% TiO 2
10%
TiO 2

Region

Conversion

1 Step 0.00-0.50
2 Step 0.50-0.98
1 Step 0.00-0.50
2 Step 0.50-0.98
1 Step 0.00-0.50
2 Step 0.50-0.98
1 Step 0.00-0.50
2 Step 0.50-0.98

0.00-0.50
0.50-0.98
0.00-0.50
0.50-0.98
0.00-0.50
0.50-0.98
0.00-0.50
0.50-0.98

Activation
Energy E a
(KJ/mol)
29
146
25
153
28
159
31
170

V.

Correlation
coefficient r
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0,995
0,998
0,998
0,997
0,993
0,995
0,996
0,998

VI.

CONCLUSION

The thermal stability of epoxy resin containing Nanocharges
TiO 2 was evaluated by thermogravimetric curves and
activation energy obtained from thermogravimetric data. The
results obtained indicated the activation energies at higher
conversions increase with increasing the percentage of TiO 2 .
The degradation activation energies, decomposition
temperatures and weight loss rates were altered by the TiO 2
nanocharges. The kinetic parameters obtained by
approximation and integral methods were satisfactory and
present good correlation.

TABLE III: CALCULATED DECOMPOSITION ACTIVATION
ENERGIES FOR EVERY STAGE OF ALL SAMPLES BY
FLYNN-WALL-OZAWA METHOD

The non-isothermal kinetic study of weight loss during a
thermal decomposition process of RTM6/TiO 2 samples is
extremely complex because of the presence of two
components and their consecutive reactions. Two different
methods, all based on Arrhenius kinetic theory, were used for
the analysis of TG/DTG data, one on integral method and the
other based on approximation method. In all of these
methods, calculations were performed to estimate the kinetic
parameter as activation energy [6].
Using the Kissinger equation (6), lines of ln (β/T max 2) versus
1/T max for each stage of the thermal degradation were plotted
for all samples. Fig. 9 shows the representative plots for each
stage of the thermal degradation of epoxy resin at 1% of
TiO 2 . The calculated decomposition activation energies for
epoxy step of all samples are listed in table 2. The activation
energies for epoxy resins containing a different percentage of
TiO 2 as compared them.
The all steps mainly involves the degradation of carbonyl
groups in the resin matrix. However, the activation energies
at higher conversions increase with increasing the percentage
of TiO 2 .
Another procedure for calculating the activation energy is
take the Flynn-Wall-Ozawa equation. At given value of the
conversion, the activation energy can be obtained from a
logarithmic plot of heating rates as a function of the
reciprocal of temperature, since the slope of such a line is
given by 0,4567 E/R. For the present work, the conversion
values of 50 and 98% were used. The fitting lines of different
samples at the selected conversion values shows figure 10.
All of the calculated activation energies are listed in Table 3.
The activation energy at different conversion increase with
increasing the percentage of TiO 2 [7].
The experiment realized with different heating rates indicates
the same mechanisms with variation kinetic parameter
values. The kinetic parameter obtained by integral and
approximation methods presented good correlation. In
general, the values obtained by the Kissinger method were
high for the first step than the values obtained by the FlynnWall-Ozawa method and for the second step the values
obtained by Kissinger were small then the values obtained by
the Flynn-Wall-Ozawa method. In the present study, the two
methods show good agreement when used to determine the
decomposition activation energies at certain conversion
values.
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ABSTRACT
This study focuses on experimental mechanical behavior of a
laminate composite of Kevlar fibers and epoxy resin loaded in
bending static three points. The experimental results of the
mechanical behavior of this laminate showed a linear elastic
behavior followed by a sudden deterioration which strongly
reflects its rigidity. The determination of Young's modulus by
experimental approach was confronted with that obtained by
the law of mixtures.
Also, various mechanisms and methods of damage is induced
such that the transverse cracking, longitudinal cracking and
delamination between the folds.

the eye (delamination, fracture of matrix and fibers) [6,7]. Lots
of research has been dedicated to improving the properties of
composites.
When the laminates are subjected to mechanical loading,
different mechanisms are induced damage: longitudinal
cracking and delamination between the folds.
The final ruin of the laminate can be mainly caused by the
accumulation of the different modes of damage [8,9,10,11].
In this study, we present the experimental results of the
mechanical behavior of static laminate Kevlar fiber / epoxy
loaded in three-point bending.
.STUDIED MATERIALS
The material that we study is in the form of laminated plates
Kevlar fibers and epoxy resin.
To determine the rate of fiber kevlar and epoxy resin are used in
the pyrolysis technique . Samples were weighed prior to
calcination and then introduced into a firing furnace at a
temperature of 600 ° C. After cooling, the residue is weighed
Kevlar , in turn, without the resin that was lost by calcination ..

INTRODUCTION
The composite materials are formed of multiple layers of
fibers bound by a matrix. This form of a stack structure
maximizes certain mechanical properties in the desired
directions. Thus, the ratio stiffness / weight of the structure can
be greatly improved when compared to metals like aluminum
or steel, which makes composites, a class of materials
increasingly popular in aeronautics [1].
The two components of the composite are the matrix and the
reinforcement, which in combination give themselves often
heterogeneous anisotropic material [2,3], that is to say whose
properties differ according to the directions. The materials
making up the composite are generally selected based on the
application that it is desired to make by the following [4]. The

Pyrolysis

selection criteria can be, for example, the required
mechanical properties, resistance to heat or water, or
even the implementation of method [5].
However, laminates are particularly sensitive to loads, such as
low-speed impacts that can create invisible internal damage to
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From the volume fraction V f of the fibers, the
mechanical properties of the layers forming the laminate by
micromechanical models (law of mixtures). Using the
expressions (11) to (16) and knowing that the modulus of
elasticity and Poisson's ratio of the Kevlar fiber and the epoxy
matrix are respectively E f = 130 GPa,

E m = 2,8GPa, ν f = 0.35 and 0.22 ν m .

a) Modules of the fibers and the matrix:
For fibers:
𝐺𝐺𝑓𝑓 =

Shear modulus
Fig.1. Cooking oven and calcination specimen

𝑘𝑘𝑓𝑓 =

Shear modulus 𝐺𝐺𝑚𝑚 =

𝑀𝑀1

𝑘𝑘𝑚𝑚

Table 2.1: Results of pyrolysis
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Module of compressibility:
𝐸𝐸𝑚𝑚
=
(2.9)
3[(1 − 2𝜈𝜈𝑚𝑚 )]

4𝑉𝑉𝑓𝑓 �1 − 𝑉𝑉𝑓𝑓 ��𝜈𝜈𝑓𝑓 − 𝜈𝜈𝑚𝑚 �
1 − 𝑉𝑉𝑓𝑓
𝑉𝑉𝑓𝑓
1
+
+
𝐾𝐾𝑚𝑚 𝐺𝐺𝑚𝑚
𝐾𝐾𝑓𝑓
≈ 𝐸𝐸𝑓𝑓 𝑉𝑉𝑓𝑓 + 𝐸𝐸𝑚𝑚 �1 − 𝑉𝑉𝑓𝑓 �
(2.11)

𝐸𝐸𝐿𝐿 = 𝐸𝐸𝑓𝑓 𝑉𝑉𝑓𝑓 + 𝐸𝐸𝑚𝑚 �1 − 𝑉𝑉𝑓𝑓 � +

0,6
27
0,6
01

For the matrix:
𝐸𝐸𝑚𝑚
(2.8)

Lengthwise elastic modulus E L :

0,5
61

0,4
15

(2.6)

Module of lateral compressibility:
𝐺𝐺𝑚𝑚
𝐾𝐾𝑚𝑚 = 𝑘𝑘𝑚𝑚 +
(2.10)
3

Mass fraction

Befo
re
pyrol
ysis

𝐸𝐸𝑓𝑓

3(1−2𝜈𝜈𝑓𝑓 )

Module of lateral compressibility:
𝐺𝐺𝑓𝑓
𝐾𝐾𝑓𝑓 = 𝑘𝑘𝑓𝑓 +
(2.7)
3

The Kevlar fibers rate in percent is:
F% = 100 – R
(2.3)
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(2.5)

Module of compressibility:

M 1 : weight , in grams , of the sample before calcination
M 2 : weight , in grams , of Kevlar ignition residue
M : loss of resin, in grams , with calcination is :
M = M1 - M2
(2.1)
The resin rate in percent is then:
𝑀𝑀
𝑅𝑅% =
100
(2.2)

Weight (g)

𝐸𝐸𝑓𝑓

2(1+𝜈𝜈𝑓𝑓 )

0,58
1

2

b) Poisson's ratio ν LT

𝜈𝜈𝐿𝐿𝐿𝐿

The volume fraction ratio is calculated with the
following formula:
𝑀𝑀𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓
�𝜌𝜌
𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓
𝑉𝑉𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 = 𝑀𝑀𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓
(2.4)
𝑀𝑀
𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚
�𝜌𝜌
�
+
𝜌𝜌𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚
𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓
Where V fibre is the volume ratio of glass fiber in the composite ,
M fibre is the fiber mass ρ fibre is the density of fibers, M matrice is
the mass of the resin, ρ résine is the density of the resin.
Determination of modulus of elasticity

1
1
𝑉𝑉𝑓𝑓 �1 − 𝑉𝑉𝑓𝑓 ��𝜈𝜈𝑓𝑓 − 𝜈𝜈𝑚𝑚 �(
− )
𝐾𝐾𝑚𝑚 𝐾𝐾𝑓𝑓
= 𝜈𝜈𝑓𝑓 𝑉𝑉𝑓𝑓 + 𝜈𝜈𝑚𝑚 �1 − 𝑉𝑉𝑓𝑓 � +
𝑉𝑉𝑓𝑓
1 − 𝑉𝑉𝑓𝑓
1
+
+
𝐾𝐾𝑚𝑚 𝐺𝐺𝑚𝑚
𝐾𝐾𝑓𝑓

≈ 𝜈𝜈𝑓𝑓 𝑉𝑉𝑓𝑓 + 𝜈𝜈𝑚𝑚 �1 − 𝑉𝑉𝑓𝑓 �

c) Shear modulus G LT

GLT = Gm
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(2.12)

G f (1 + V f ) + Gm (1 − V f

)
G f (1 − V f ) + Gm (1 + V f )
(2.13)

information is stored and processed by computer using the Test
Xpeert v9.01 software.

d) Lateral compressive modulus K L

Vf

KL = Km +
k f − km +

1
(G f − Gm ) +
3

1−V f
4
k m + Gm
3
(2.14)

e) Transverse shear modulus G TT'

GTT '









Vf


= Gm 1 +

7


k m + Gm
Gm
3

(
1 − V f )
+
8

 G f − Gm
2 k m + Gm


3



Fig.3.1 : Machine Zwick/Roell Z020
3.1. Placing samples
The specimens are placed on an accessory to the achievement
of the 3 point bending test (fig3.3). Distance between supports
is chosen according to the ASTM standard. All tests are carried
out under the same conditions (number of specimens, test
temperature and feed rate).
Fig.3.2: Positioning of the specimen in three-point bending

(2.15)
f) Transverse modulus of elasticity E T :

ET =

2
2
ν LT
1
1
+
+2
EL
2 K L 2 GTT '

(2.16)

with :
Table 2.2: Physical characteristics of the materials studied
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STK

volum
e
fractio
n fiber

0,396

EL
(GPa
)

ET
(GPa
)

G LT
(GPa
)

G TT
(GPa
)

KL
(GPa
)

ѵ LT

• F : load applied;
55.3
5

1.85
9

4.01
6

3.15

5.44
8

• r 1 : cylinder of radius of the fault;
• r 2 : radius of the support cylinders;
• L : length between supports appuis ;
L1=100mm
L2=90mm
L3=80mm
L4=70mm
• l : longueur totale de l’éprouvette ; l=120mm
• h : hauteur de la poutre ; h=5mm
• b : largeur de la poutre ; b=15mm

0,27
3

EXPERIMENTAL CONDITIONS/ TEST STAND:
The bending tests are carried out on a test machine Zwick /
Roell Z020 (figure). With a force sensor and computer
controlled. Four tests are carried out for the stitches 70, 80, 90
and 100 mm, with a test speed of 5 mm / min at an ambient
temperature of 20 ° C. The load cell is connected to an
acquisition chain which allows simultaneous recording of the
time of displacement of the load and the deformation. The
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Fig.3.3 : Specimen for the 3-point bending test

Results :

Fig.4.2 : Experimental behavior of load-displacement curve in
3-point bending Static laminate (STK) for L = 90mm

The figures (4.1, 4.2, 4.3 and 4.4) showing the evolution of the
load according to the arrow taken in the middle of the beam
slenderness for different lengths (70, 80, 90 and 100 mm). In all
cases of the figures, the three point bending behavior is almost
similar and can be divided into four(4) main phases:
-The first phase corresponds to a linear increase of the load
applied to the boom;
-The second phase of nonlinear behavior, in which the
maximum load is reached;
-The third phase where there is a sudden decrease in the load
applied without material deformation;
-The fourth and final phase, where the deformation observed
with nearly constant load until failure of the specimen.
The figure 4.5 shows the comparison of the behavior curves
load / deflection at the center for different stitches. The analysis
of these curves shows that the rigidity in the elastic zone and
the maximum force increases with increasing length of
slenderness L.

Fig.4.3 : Experimental behavior of load-displacement curve in
3-point bending Static laminate (STK) for L = 80mm

Fig.4.1 : Experimental behavior of load-displacement curve in
3-point bending Static laminate (STK) for L = 100mm
Fig.4.4 : Experimental behavior of load-displacement curve in
3-point bending Static laminate (STK) for L = 70mm
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Table 5.2 : Young's modulus for L = 90 mm
Fi
бi
∆F
∆б
Ef
(MPa)
(N)
(MPa)
(MPa)
(N)
181,91

65,48
130,56

51,34

Table 5.4 : Young's modulus for L = 70 mm
Fi
бi
∆F
∆б
Ef
(MPa)
(N)
(MPa)
(MPa)
(N)

Interpretation of results:
The calculation of the mechanical characteristics in 3-point
bending is based on relationships (5.1) and (5.2). The first
determines the values of the stresses in the elastic limit in
bending Ϭ f , and the second is used to determine the values of
E f flexural modulus.
3𝐹𝐹𝐹𝐹
𝜎𝜎𝑓𝑓 =
(5.1)
2
Ef =

Or:

𝑙𝑙2

4𝑏𝑏ℎ3

𝛥𝛥𝐹𝐹
𝛥𝛥Ϭ

3,70

Table 5.3 : Young's modulus for L = 80 mm
Fi
бi
∆F
∆б
Ef
(MPa)
(N)
(MPa)
(MPa)
(N)
76,45
238 ,92
141,61
45,31
4,16
97,30
31,13

Fig.4.5 : Comparison of curves load / arrow the middle for
different slenderness

2𝑏𝑏ℎ

47,00

18,48

363,00

101,64

273,98
76,71
4,76
89,01
24,92
The results obtained show that the calculated values of the
tensile strength and elasticity in bending modules vary from
one specimen to another.
Analysis of results behavioral perspective
Of the four figures (Fig.4.1, Fig.4.2, Fig.4.3, Fig.4.4) under
mechanical load-deflection behavior, we notice a difference F
max fourths specimens which is due to the difference among
the restraints. Also, we note that the reduction of these involves
increasing F (tensile strength) to reach the break.
The results show a linear elastic behavior for the 4 samples,
followed by a sudden fracture caused by the coalescence of
microcracks leading directly to ruin.
The variation of the stiffness of the slope behavior curves
plotted on the material show a variation of the bending modulus
of elasticity, causing at the same time a dispersal of constraints.
This is mainly due to defects development of laminated plates
that the preparation of specimens (errors in their design) .This
phenomenon is highlighted for the fourth test tube (l = 70mm).

(5.2)

F: the breaking load applied [N];
l: length between supports [mm];
b: width of the test piece [mm];
h: thickness [mm];
ΔF: variation of the force on the straight part of the curve :
Displacement - load;
ΔϬ: variation of the arrow in [mm], corresponding to the
variation of the force.
Table 5.1 : Young's modulus for L = 100 mm
Fi
бi
∆F
∆б
Ef
(N)
(N)
(MPa)
(MPa)
(MPa)
146,50
58,60
3,33
98,55
39,42
47,95
19,18

Determining the rigidity of the laminate:
Table 7.1: Rigidity to reach L = 100mm
F(N)
48,48
86,10
116,30
153,92
229,16
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d(mm)
0,48
0,79
1,12
1,43
2,22

F/d
99,04
108,51
102,97
107,62
103,20

Moy
(F/d)

104,27

Standard
deviation

3,85

Table 7.2 : Rigidity to reach L = 90mm
F(N)

d(mm)

F/d

Moy(F/d)

36,31

0,33

107,31

81,09

0,81

99,85

143,40

1,37

104,01

208,52

2,03

102,44

273,96

2,69

101,56

We note that the rigidity changes according to a
rational equation form:
1
𝑤𝑤𝑅𝑅 =
−4
(2,12 ∗ 10 L − 0.01)
When between-L support increases the rigidity Iron
tends to decrease: the mat undergoes appreciable
static displacement.

Standard
deviation

103,03

2,82

Conclusion :
Table 7.3: Rigidity to reach L = 80mm
F(N)
65,02
113,91
224,95
302,50
416,66

d(mm)
0,37
0,69
1,18
1,62
2,27

F/d
175,21
163,82
190,36
186,12
183,25

In this paper we realized pyrolysis to determine the weight
fraction giving the fiber In this chapter we realized pyrolysis to
determine the weight fraction giving the fiber content and resin.
From the rate of volume fraction, using the law of mixtures, it
was determined the elastic moduli (EL, ET) and shear (GLT
and GTT) of this composite Kevlar fiber.
Then, to understand the mechanical behavior of this material
static bending 3 points, tests were conducted on a series of
specimens (04 sh) by controlling the movement. The
mechanical behavior of load-deflection curves depending on
the slenderness have shown that over the period between the
support and the greater the stiffness of the material is low.

Standard
Moy (F/d) deviation

179,75

10,48

Table 7.4 : Rigidity to reach L = 70mm
Standard
F(N) d(mm)
F/d
Moy(F/d) deviation
67,05
0,28
232,14
127,74
0,52
241,41
252,82
15,03
220,80
0,83
263,97
319,65
1,20
264,50
494,79
1,88
262,09
Using the experimental results we draw a curve showing the
evolution of the stiffness of the material studied as a function of
slenderness.

Rigidity F/d = WR (N/mm)
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ABSTRACT
This study focuses on two types of laminates, the first type is
four layer laminate [0 4 ] consist of a fabric of unidirectional
glass fibers surface density [736 g,(100x30)cm x 0.85] and
epoxy resin SR 1500/SD 2505 (690g resin and harder
230g).The second type is a cross laminate with four layers
[0/90 2 /0] consisting of a unidirectional fabric of glass fibers
surface density [677g (90x30) x 0.85 cm] and the same resin
(600g of resin and 200g hardener).Both laminates have the
same thickness hp=2mm. The specimens are under tension on
universal testing machine Zwick Z250 type SN5A with a 50
KN load cell and controlled by computer. Five trials are
performed at least for each type of laminate with a test speed of
1mm/min. From the load displacement curves of tensile tests of
two laminates [0/90 2 /0] and [0 4 ].we see that the behaviour of
the laminates is almost linear until failure.The characteristics of
the layers oriented at 90° of unidirectional laminate highlight
low performance associated with this orientation. The values of
modulus of elasticity for the laminate [0/90 2 /0] conducting
folds oriented in this direction is about two times lower than the
modulus of elasticity of the laminate [0 4 ].

[1, 2]. In particular, They can, especially, succeed where other
materials fail and may présent higher qualifies for some
industrial applications where prevail the lightness, the
résistance and the rigidity particularly in aeronautics or
aerospace fields. Composite materials can be classified
according to the nature of the reinforcement (particles, short
fibers, long fibers) and according to the nature of the matrix.
For medium-temperature applications (less than 300°C),
composites with organic matrix are generally implemented: For
high-temperature applications, it is rather thermo-structural
composites in ceramic or metallic matrix that are used, for
example, to design éléments of turbomachine. Among
composites with organic matrix, the distinction is made
between thermosettable resins (the most used) and
thermoplastic, less used resins but which présent the advantage
to be recyclable Berthelot [3]. The most used Composites in the
aircraft industry are composites with organic matrix
strengthened by long fibers. Composites with thermoplastic
matrix are becoming more and more important in some sectors
such that aeronautics. They offer Indeed many advantages
compared with their thermosetting counterparts [4, 5, 6] in
particular a better impact strength, as well as a good résistance
to the damage. The nature of the damages of composite
materials, their mechanisms of appearance and progress were
under many studies. The damages can be connected to flaws
initially présent in the structure connected to constituents or to
process of implementation but also be the conséquence of
external stresses of différent origins (mechanical, thermal or
waterborn) Zhang et al 2008 have presented superimposed

1 INTRODUCTION
In the industrial competitiveness of today, it is a considérable
asset to be able to realize products which do not wear out, resist
the corrosion and keep, over time, their properties constant. A
composite material is made of a minimum of two constituents,
this confers to thos composite, original properties and
potentially superior to those of the constituents taken separately
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traction curves of composites of fiber content of 0%, 20% to
40% . The mechanical behavior of a polypropylene composite
(PP) reinforced with flax of fibers extruded as flat band has
been studied and compared with the PP / talc [7]. Thèse same
materials were also injected and their properties compared to
those of extrusions. The steel components absorb the energy of
impact by the plastic déformation whereas composite materials
absorb it by damage mechanisms [ 8 ]. In the car industry, the
absorbers of energy during crash are generally realized in
metallic materials where the absorption of energy is realized by
plastic déformation. The interest of composites here is their
capacity to absorb the energy by damage and anelastic
déformation. This work has an experimental study of a
unidirectional laminate materials subjected to a tensile load .
The purpose of this research is to analyze the tensile test to
understand the different mechanisms causing premature failures
and develop a test for obtaining acceptable quality measures. It
should be noted that the study focuses exclusively on laminated
composites made of folds whose fibers are long and aligned in
the same direction.
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. 2 STUDIED MATERIALS
2.1 Process for producing
The implementation is carried out by vacuum molding , by the
technique called " bag " . The development is performed in a
single step : polymerisation of the resin containing the fibers
and the adhesion of the plies are together . The various layers
are impregnated at room temperature and then molded in a
vacuum between the mold and against the mold after
interposition of various molding fabrics. The Peeltex is a fabric
delamination whose function is to prepare the surfaces of the
laminate to ensure that , after delamination of the fabric, a good
interface for any finishing operation. Peeltex the fabric is then
covered with a perforated plastic film , the " Perforex " . This
film ensures the uniformity of absorption of the resin. Finally a
final component , the " Pleedex " place on the Perforex , so as
to ensure a uniformly distributed vacuum . This assembly is
placed in a pocket in which is made a vacuum ( 30 kPa vacuum
) for 10 hours at room temperature. The interposition of a mold
and a mold against controls the thickness of the plates made .
Cutting the plates in the form of test is then performed using a
diamond blade saw to , from 300 x 300 mm² plates according to
AFNOR standard NF 54-606 .

Figure1 : The Different Layers On Laminate
1- against mold,
2pleedex,
3- Perforex,
4- Pleetex
5- fiber 0 °,
6- fiber at 90 °,
7- fiber at 90 °,
8- fiber 0 °
9- pleetex,
10- Perforex,
11- pleedex,
12- against mold.
2.2 Mechanical and geometric characteristics of the studied
laminates
Two types of laminates were made . The first type is a laminate
with four layers [04] made of a fabric of unidirectional glass
fibers surface density ( 736g [ 100x30 ] cm x 0.85 ) and epoxy
resin SR 1500 / SD 2505
( 690g of resin and 230g of
hardener) . The second type is also a cross-laminate with four
layers [ 0/902/0 ] made of a fabric of unidirectional glass fibers
surface density ( 677g [ 90x30 ] x 0.85cm ) and the same resin (
600g of resin and hardener 200g) . Both laminates have the
same thickness hp = 2 mm.

51

B

2 𝑚𝑚𝑚𝑚

200 𝑚𝑚𝑚𝑚

A

25

Fig 2 : specimen geometry of the studied samples
The components of laminates used are marketed by the
company SICOMIN and their main characteristics are given in
Table.1 and 2.
Table.1: Mechanical characteristics of the
epoxy resin SR 1500 / SD 2505 .
Young’s modulus
(GPa)
2.8

Resistant to traction
(Mpa)
74

Fig 3: (A) universal machine Zwick / Roell and (B)
Schematic of a tensile test on the machine
3.2 Experimental results of static tensile tests
Figures 4 ( a) , ( b) , ( c ), (d ) and 5 ( a) , ( b) , ( c ), (d ) ) gives
the load-displacement curves of the tensile tests of the
laminates of the type [ 0/90 2 /0 ] and [ 0 4 ] . The behavior of the
laminates is substantially linear up to failure . The
characteristics of the layers oriented at 90 ° of unidirectional
laminate highlight low performance associated with this
orientation. The values of modulus of elasticity for the laminate
[ 0/90 2 /0 ] conducting folds oriented in this direction is about
two times lower than those of the laminated elastic modulus
[0 4 ] . The tables (3,4 and5 ) provide the mechanical
characteristics and the statistical results derived from the
various tests performed on the different laminates.

Flexural strength
(Mpa)
115

Table.2 : Characteristics of glass fibers
Mass
areal

Mass
volume

module
shearing

(kg/m3)

module
elastic
longitudinal
(GPa)

(g/m²)
300

2540

73

30

coefficient
of Poisson

(GPa)
0.22

Breaking
stress in
traction
on wick
(MPa)
2500

Elongation
at break
(%)
4.8

The specimens of the dimensions were defined according to the
specifications of the AFNOR NF 54-606 standard Figure II.1 .
The width b of the test piece is 25 mm in order to meet the
requirements of the standard. The thickness tf is about 2mm .
The total length L of the specimen is 200 mm .
3 RESULTS AND DISCUSSION
3.1 Experimental / test benches tensile tests are performed a
Ambient temperature on the universal machine Zwick / Roell
250 to the research laboratory level Badji Mokhtar University
Annaba Metallurgy .
The specimens are under tension on the machine of universal
type tests Zwick Z250 / SN5A HAVING AN 50 KN force
sensor and computer controlled . Five trials are at least
Performs pour like laminate Each With A test speed of 1 mm /
min (Figure 3)

Fig 4 (a) : Evolution of the load versus the elongation of the
laminate [ 0/90 2 / 0]
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Fig 4 (b) : Evolution of the load versus the elongation of the
laminate [ 0/90 2 / 0]

Fig 5(b): Evolution of the load versus the
elongation of the laminate [ 0 4 ]

Fig 4 (c) : Evolution of the load versus the elongation of the
laminate [ 0/90 2 / 0]

Fig 5(c): Evolution of the load versus the elongation
of the laminate [ 0 4 ]

Fig 4 (d) : Evolution of the load versus the
elongation of the laminate [0/90 2 / 0]
Fig 5(d): Evolution of the load versus the
elongation of the laminate [ 0 4 ]
Table 3: Results of the laminate tensile tests [0/902 /0]
N°
épr
ouv.
1
2
3
4

Fig 5(a): Evolution of the load versus the elongation
of the laminate [ 0 4 ]
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S0

mm²
46,25
50,00
50,00
46,25

E

MPa
12011
10729
10689
11178

Fmax

N
9449
7554
10223
9687

Ae

mm
0,04
-

F
(Rupture)

(corr.)

At

N
8884,23
7430,78
10208,33
9546,99

mm
1,6
1,3
1,8
1,7

Table 4 : Laminate statistical results [0/902 /0]
e

N°
éprou

S0

E

Fmax

n=4
mm² MPa
X
3
48,13 11152
S
1
2,17
614
51,64 4,50
5,51
ѵ

N
9228
1162
12,59

Ae

mm
0,04
-

F
(Ruptur
e)

(corr.)

N
9017,58
1187,98
13,17

mm
1,6
0,2
13,61

4 CONCLUSION
Multilayer composites are used in many aerospace components
because of their low weight and their high strength and service
life. In this type of equipment, they are subjected to high
stresses and large temperature differences. Composite
laminated long-fiber and epoxy matrix exhibit excellent
specific mechanical properties. In the aerospace and aviation
industries, they have taken an important place in certain parts of
structures.
Nevertheless, both these laminates can have a resistant and very
high stiffness in the direction of the fibers, especially, their
resistance to the folds perpendicular to the loading is low. The
stress at which cracks appear is lower than in the direction
perpendicular to the direction of the fibers, a network of cracks
appear in the layer 90. This degradation of the composite has
been studied by many authors. Experimentally, it has been
observed that the different damage mechanisms in the crosslaminates are transverse cracking, the crack tip in or
interlaminar delamination and longitudinal cracking. The order
and appearance of these damages sequence depend mainly on
the following parameters: nature of the fiber constituents /
matrix, the architecture of the laminated plate, the manufacture
and placing shaped process and the different types of stresses .
The final fracture of the composite result of the spread and
accumulation of these three types of damage
In the second, a study of different types of laminates, has
allowed us to present the stack point of view of different folds,
fibers and matrices.
A comprehensive description of a tensile test to be interested in
the behavior of laminated composite rectangular specimens and
their failure modes was performed. Tests on specimens which
have two different architectures [0 4 ] and [0/90 2 /0],
implemented in the laboratory, were studied. The results show
remarkable differences. The characteristics of the layers
oriented at 90 ° to the unidirectional laminate has low
performance compared with those oriented in the longitudinal
direction. The values of modulus of elasticity for the laminate
[0/90 2 /0] are about two times lower than those of the laminated
elastic modulus [0 4 ].
Four trials in the direction of the fibers used to obtain the
values of Young's modules EL and compared with the modulus
of elasticity calculated by the mixing law, it gives a very good
estimate of this module. In addition, there is non-identical
failure modes for each type of laminate.
We note that the theoretical calculation methods allow a good
estimate of the mechanical properties of the composite
materials reinforced by unidirectional fibers.
In conclusion, we can say that the study of the tensile test is not
quite complete. Some aspects have been neglected. However,
the study of the tensile test for composite materials cannot be
completed now, given the current knowledge. For example, the
mode and the prediction of fracture of the tensile specimen are
not yet known and is an area where there is a lot of work to
date. This is what referred for further research.

At

𝑋𝑋� : valeur moyenne
S : écart type
Ѵ : coefficient de variance

Fig 6: Comparison of curves of evolution of the load
versus the elongation of the laminate [0 4 ]
Table 5: Results of the laminate tensile tests [04 ]
N
°

S0

-

mm²
48,7
5
48,7
5
48,7
5
48,7
5

1
2
3
4

MPa

𝐴𝐴𝑒𝑒

mm

𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹

20011,0
8
19011,4
1
18905,3
1
18745,2
2

0,02
7

17409,8
4
17390,6
5
17390,6
5
17297,3
3

E

0,05
0,04
5
0,04

N

𝑑𝑑𝑑𝑑(Fmax
)

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅

F
(Rupture
)

mm

N/mm
²

2,16

292,92 14280,09

2,05

324,07 15798,89

2,04

350,10 15860,36

2

355,40 16023,77

N

At
(corr.)

mm
2,2
2
2,0
6
2,0
3
2,0
1

Table 6: Comparing the results of tensile tests studied
Experimental Young's
modulus
(GPa)
[0 4 ]

19,16

[0/90 2 /0]

11,15

Young's modulus
calculated
(GPa)
20,49
11,84

the values of Young's modulus experimentally determined and
calculated according to the law of mixtures . The analysis of
these results revealed that the laminate carrying the folds
oriented at 90 ° with low performance compared to that
proceeding folds oriented at 0 ° . The Young's modulus values
for both types of laminate obtained by calculations has an error
of about 6.5 % compared with those obtained experimentally.
The Young's modulus values of the laminate [ 0/90 2 /0 ] are
about twice lower than that of the other laminate module.
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ABSTRACT

the number of boilers and absorbers (three boilers,
condenser, evaporator and two absorbers). The
modifications brought us the following advantages:
possibility of operation with temperatures ranging
around 70 ° C and require simple flat panels cheaper and
eliminations of the distillation column which is explained
by the reduction in the overall cost of installation with a
COP improvement.

The production of cold can be made by two main
systems, the mechanical compression is the most used
system. Absorption is the other system, the use of
primary energy to produce cold (natural gas, industrial
waste, solar energy...) is possible.
The ecological and economic qualities of absorption
systems make them serious contributing mechanical
compression systems, hence its use becoming ever more
frequent.
These absorption systems using refrigerants more
respectful to the environment and have high performance
that reduce emissions of greenhouse gases. They also
have the advantage of using a source of free heat by
coupling with a solar thermal source or a fatal heat
source.
In terms of energy conversion, current research focuses
on the development of solar absorption machines to
improve efficiency. The study and design of such
machines are experiencing a continuous evolution.
Several approaches have been proposed to address the
problem based design optimization.
The objective of this work is to study an absorption
refrigeration loop using the ammonia-water pair to
determine its performance and to suggest possible
improvements. This improvement of the coefficient of
performance "COP" is based on modifications to the
absorption installation itself. Our approach is to increase

INTRODUCTION
Sorption refrigeration systems represent an interesting
alternative in this context. Research in the cold of the
production area are motivated both in the area of the
habitat in the industrial sector especially agribusiness
[1],[2]. In warm regions these alternative systems, using
the sun as a heat source, is a very attractive solution.
Among the research work on the absorption refrigeration
systems, it cites the work of F. Assilzadeha and al. [3]
showed that the air conditioning solar absorption has
many advantages, once the latter compared with
conventional systems mechanical compression. Mr.
Balghouthi and al. [4] show that because of the high cost
of fossil fuels and the environmental problems caused by
the widespread use of air conditioning systems, the use
of the refrigeration system using solar energy becomes
important.
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ABSORPTION MACHINE
The absorption machine is, for us, the heart of the entire
solar system refresh. It therefore seemed interesting to
see how these machines are modeled. Incidentally, in
general there are two approaches [5].
The first is based on a phenomenological description of
each component of the machine. This approach is based
on different energy balances to couple the four
components of the machine. The second (which is
probably the most used) is the assessment of
performance by an empirical model. This will usually
curve fitting based on the manufacturer. Indeed, these
are tests that establish a simple to use correlation for the
COP and the cooling capacity of the machine.
Correlations and are valid only for the range of tests and
tested for the machine model studied. Let us therefore,
some approaches to modeling that formed the basis for
the development of absorption machine models.

Figure 1: Diagram of an Installation absorption

The use of three temperature levels can produce cold
from heat only. Consider a machine capable of

OPERATING MODE OF THE REFRIGERANT
CYCLE AND SOLVENT CYCLE

exchanging heat with three temperature levels

T

The process consists of two rings joined together: the
refrigerant cycle and the solvent cycle. The refrigerant in
the gaseous state from the evaporator is absorbed in the
absorber solvent. The liquid solution is, from this
moment, rich in refrigerant. She is taken to a higher level
of pressure by a pump and returned to the boiler (1).
Here, the refrigerant is "chased" by supplying heat from
solar collectors, to the condenser, then it is expanded and
brought again into the evaporator. In this way the
refrigerant cycle is complete. The solution poor in
refrigerant (as it was driven to the condenser), leaves the
boiler, passes through a restrictor and flows into the
absorber to capture again the refrigerant vapor back to
the evaporator. In this way the solvent of the cycle is
complete. The solvent cycle is based on the offset caused
in the thermal equilibrium of a combination of two
materials, at different pressure and temperature
conditions.
The heat output of the absorber and the condenser is
discharged through a cooling tower or by recovery of
that heat [6].

T0 , Tc

T <T <T

0
h
c
h
and
checking
and possibly
exchanging work with the exterior. Writing gives two
principles:

 Q 0 + Qc + Q h + W = 0
Q
 0 + Qc + Qh + P(S ) = 0
 T0 Tc Th
THERMODYNAMIC
STUDY
INSTALLATION MODIFIES

(1)

OF

THE

The system shown in Figure.2 similar to that studied by
Feidt [7] and by A. Gomri [8] comprises a set of
conventional condensation-evaporation over mechanical
compression systems. The rest of the system is a thermal
compressor, which replaces the mechanical compressor.
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Evaporator
(12)
(13)
Condenser
(14)
(15)
Pump 1
Figure. 2 : Diagram of a solar absorption refrigeration plant
functioning with three boilers.

(16)
(17)

The simulation of this system leads to the determination
of the different mass and energy balances.
Mass balances in flow rate and mass concentration of the
solution in the generator can be set as follows [9].

Pump 2
(18)
(19)

Mass balances
Pump 3

Boiler 1
(2)

(20)

(3)

(21)

Boiler 2

Exchanger 1
(4)
(22)

(5)
Exchanger 2

Boiler 3

(23)

(6)
(7)

Energy balance

Absorber 1

Boiler 1
(8)

(24)

(9)
Boiler 2
Absorber 2
(25)
(10)
Boiler 3

(11)

(26)
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Absorber 1
E=

(27)
Absorber 2

F=
G=

(28)
Evaporator
(29)
Condenser
(30)
COEFFICIENT OF PERFORMANCE

SIMULATION

The performance coefficient is the ratio of the energy
capacity of the evaporator on the energy powers of
boilers:

There are two methods for the determination of the
various thermodynamic parameters (h, X) or from the
emperiques equations or by intermidiares diagrams
(Merkel) and (OLDHAME) which is our case.

(31)

Operating constraints
a. High pressure:
The pressure of the condenser, which is that of the high
pressure boiler is taken equal to the saturation pressure
of the liquid exiting the condenser to the solution
temperature Tb3.
b. Low pressure:
The low maximum pressure in the evaporator is equal to
the pure refrigerant saturation pressure at the
temperature Tc.
c. medium pressure:
The average pressure is between the high and low
pressure, which is that of the absorber, is taken equal to
the saturation pressure of the outgoing liquid absorber
solution.

(32)

(33)
With:

Curves

A=

The tracings graphs are based on T 20 because the
element number 20 and in direct contact with the three
Boilers, because it is the outflow from the latter will be
directed directly to the condenser. So it is the essential
part in the circuit. (See Figure.2)

B=

C=

D=
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Figure 3: Effect of the parameters of temperature and
pressure on the variation of COP

Interpretation and discussion
Making a detailed thermodynamic study on the different
elements of our installation, taking into consideration the
increase in pressure and temperature variation expressed
by the secondary elements (pumps and heat exchangers)
on the coefficient of performance and using use different
mathematical equations cited in this article we will have:
For an average pressure of 10 bars at the absorber 2 and
a temperature of 65 ° C to the output thereof at the
portion 18 (T 18 ) (see Figure 2), determines the title x18
= x19 = x20, passing through the pumps and the heat
exchanger efficiency eff = 0.5, there will be other values
of the pressures and temperatures at the element 20 (T 20

60

and P20), by varying temperatures for different pressures
of that we have:
The graphs shown in Figure.3 have several curves for
different pressure which show the effect of temperature
and pressure on the variation of the COP. Around 60 ° C,
the system starts to work, one sees that there is a
disturbance of the COP curve in a small temperature
range and then a stabilization of values important COP.
Also, it is noted that the increase in COP is proportional
with the increase in pressure in the entire temperature
range chosen for our facility modifies.

Solaire à Absorption Couplé au Bâtiment’, Thèse de
Doctorat, Université de La Réunion, France, 2007.

CONCLUSION

[8] R. Gomri , Investigation of the potential of
application of single effect and multiple effect absorption
cooling systems, Energy Conversion and Management
vol.51,pp.1629–1636,2010.

[6] W. BEN KHADA « Introduction des principales
techniques de climatisation solaire dans l ’Algérie »
publié dans le centre de développement d’énergie
renouvelable (consulté en mai 2013).
[7] M. Feidt, Thermodynamique et optimisation
énergétique des systèmes et procédés, Tec & Doc, 2e
Edition, 1996.

In the present work, we studied the analysis of the
influence of temperature and pressure on the operation
on the coefficient of performance (COP) of an
absorption chiller has geometrical changes itself (number
increases distillers to three and the number of two
absorbers) operate with NH 3 -H 2 O torque. The results
obtained as COP values for different pressures are
encouraging, it is possible to achieve a COP very
interesting for goshawks a temperature of 60 ° C at the
absorber 2, in addition to these changes have given the
possibility to operate with goshawks temperatures of 60
° C which requires simple solar panels and elimination of
the distillation column which explains the reduction in
the overall cost of the installation.

[9] R. Touaibi, M. Tahar Abbes, R. Boussehain, M.
Feidt, E. Vasilescu, M.Costéa, B. Khelidj, Modélisation
d’un système de rafraichissement solaire par absorption
utilisant H 2 O-LiBr, Proceedings COFRET'10, Lasi,
Roumanie.
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ABSTRACT
This article focuses on free vibration of multilayer composite
beams on two simple supports. The frequencies and modes of
com-beams
composites
were
determined
using
a
homogenization approach based on the concept of equivalent
mechanical characteristics in bending. The study will focus on
the consideration of unamortized free vibration of composite
beams with four layers [0/0/0/0], [0/45/0/45], [0/45 / -45 / 90]
and [ 45/90/0 / -45]. The study was conducted by the analytical
method and a numerical simulation using the me-finite element
method. A very good agreement was obtained between the
results of numerical simulation and those of the analytical
method.
INTRODUCTION Modeling Abaqus
The use of composite materials in the different automotive,
shipbuilding, aerospace, as well as in the building industry, is
becoming more common. This is due to the significant
advantages they have, including their light weight and strength.
However, their use requires a mastery of their mecha nic
behavior especially in the field of vibration. This control is
based on knowledge of their dynamic charac-teristics that is to
say the determination of their own frequencies and modes. The
dynamic behavior of isotropic beams has been studied by many
studies [1-3] but few studies are devoted to the vibrations of
beams reinforced composite materials. Zibdeh et al. [4] studied
the vibrations of a laminated composite beam on two simple
supports crossed by a moving charge. Many publications
discuss the characterization of composite beams by the
experimental method. Chaouche et al. [5] experimentally
studied the effect of the orientation of the plies and the
thickness of the beam on the mechanical properties of epoxy
composite material. The equivalent stiffness and equivalent
mass per unit length of the beams reinforced sandwich

composite material were determined by Vinson and
Sierakowski, [6] from the homogenization of the sandwich
beam. This work deals with the study of transverse vibrations
of composite beams, made of isotropic or orthotropic layers,
distributed symmetrically to the neutral axis, cases frequently
encountered in practice. The equations of the unamortized free
movement are established and specific vibration frequencies are
then determined taking into account boundary conditions. The
objective of this work is to achieve a numerical simulation
using the finite element software Abaqus behavior vibratory
steel beams and cross multilayer composites with different
orientations [0/0/0/0] [0/45/0/45], [0/45 / -45 / 90] and [45/90/0
/ -45]. The frequencies and mode beams are determined by both
analytical and numerical methods.
2. Moodeling Abaqus
The modeling focuses on the analysis of free vibrations of
multilayer composite beams (4 layers) on two simple supports
Fig.1. The considered beam length is L = 0.5m, width b =
0.02m and height of 2H=. 0.01m
The modeling focuses on the analysis of free vibrations of
multilayer composite beams (4 layers) on two simple supports
Fig.1. The considered beam length is L = 0.5m, width b =
0.02m and height of 2H=. 0.01m
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Fig.1 Beam composite materials
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b

Abaqus CAE is divided into functional units called modules.
Each module contains tools that are specific to a part of the
modeling task Fig.2

mechanical systems being the first, a good approximation is
obtained from the equation of motion by summing only the first 4
or 5 eigenmodes. In our case we will take the first four natural
modes of the beams.The Part module (Fig. 3) creates all the
geometric objects necessary to our problem, either by the insinant ABAQUS CAE or by importing them from a third logi-rise
design.

Create
Create material
Define and assign section
properties
Assemble model
Define steps analysis

Fig.3 Beam composite materials
The Property module (Fig. 4) allows, as its name suggests, to
define all the properties of an object Geome-stick or part of
these objects.

Apply boundary conditions and
loads on the model

Mesh the model
Create and submit a job
View results
Fig.2 modules Abaqus CAE
Three types of beam used in this article in the first isotropic
material (steel) and two laminated beams constant rectangular
section. Both models composite beams are made of glass /
epoxy and carbon / epoxy. Both models composite beams are
four composite layers with different orientations [0.0.0.0],
[0.45.0.45], [0.45.-45.90] and [45.90.0.-45].
The steel mechanical properties are given in Table 1.
Table 1. Mechanical properties of two models
Material ρ (kg/m3)
E (GPa)
ν
Steel
7800
206
0.3
The mechanical properties of two composites carbon / epoxy
and glass / Epoxy are given in Table 2.
Table 2 Mechanical properties of the two models
Material

ρ
kg/m3

Ex
GPa

E y=
Ez
GPa

G xz
GPa

G xy =
G yz
GPa

carbon/
epoxy

1580

147

9

0.3

5

0.
3

0.4

Glass/
Epoxy

2100

17

17

5

5

0.
2

0.4

υ xy

Fig.4 Beam composite materials
The Assembly module (Fig. 5) is used to assemble the
different geometric objects created in one global coordinate
system.

υ yz
=

υ xz

Fig.5 Beam composite materials
The Step module (Fig. 6) defines all steps and requests for
post treatment, ie the time (time) at which a force is

The predominant modes during the vibration motion of
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applied and for how long, it is also possible to create
forces or boundary conditions that are activated at specific
times.

Table 3 :Comparison between analytical and numerical
results MEF
natural
frequencies
(Hz) Steel
f1
f2
f3
f4

Analytical
method

MEF
(Abaqus)

Error

93.3
373.2
839.7
1492.8

80.756
321.43
715.95
1200.40

0.1345
0.13 87
0.1473
0.1958

In this table we can see that the error increases with frequency
this is due partly to the j2 term in equation own beats and also
to the beam dimensions.
The first four modes (1, 2, 3 and 4) of different steel beams in
composite carbon / epoxy composite and glass / epoxy Abaqus
given by the numerical analysis are represented by Figures 9,
10 and 11.
The first four modes of the steel beam is given by Figure 10.

Fig.6 Beam composite materials
The mesh module (Fig. 7) contains all neces sary-tools
to generate a finite element mesh on an assembly.

(a) Mode 1

Fig.7 Beam composite materials
Job module (Fig. 8) to analyze this model. ABAQUS will then
perform all the necessary calculations and draw results. The
playback module enables vi-sualiser model and results, load
curves, deformations.
(b) Mode 2

(c) Mode 3
Fig.8 Beam composite materials
Results and Analysis
Steel beam
For the validation test of your digital application with the
analytical results is given in Table 3. For this the first four
natural frequencies are used for the steel beam.
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(d) Mode 4
Fig. 9 Natural modes of the steel beam
results of natural frequencies of the three materials, steel,
composites Carbon / Epoxy Composite and Glass / Epoxy
determined by the finite element method (Abaqus) are given in
Table 4.
Table 4: Comparison between steel and composite
natural
frequencie(H
z)
f1
f2
f3
f4

Steel
80.756
321.43
715.95
1200.4

Carbon/
Epoxy [0/45/45/90]
93.043
369.97
818.00
1237.20

(c) Mode 3

Glass/
Epoxy [0/45/45/90]
42.936
170.89
380.57
655.70

(d) Mode 4
Fig. 10 Natural modes of the beam as composite-bone / epoxy
In Table 2.6 a comparison is made between the dif-rents
orientations of composite carbon fiber / epoxy.
Table 5: carbon composite material / epoxy with
different orientation.

Note that the higher natural frequencies fi are that of carbon /
epoxy followed by steel, finally glass / epoxy. We also note that
the latter at very low frequencies by contribution to the other two,
approximately half of the other.
Carbon Beam / epoxy
The first four modes of the beam Carbon / Epoxy composite are
given in Figure 10.

f1
f2
f3
f4

[0/45/-45/90]
93.043
369.97
818.00
1200.4

[45/90/0/-45]
91.897
365.47
808.47
1192.80

[0/45/ 0/45]
111.35
440.96
945.44
1153.10

[0/0/0/0]
150.58
589.20
1067.20
1338.30

In this Table 5 shows that the greatest frequency is at the
orientation [0, 0, 0.0] and the lowest level of guidance [45, 90, 0, 45].
3.3 Beam glass / epoxy
The first four modes of the beam glass / epoxy compo-site are
given in Figure 11.

(a) Mode 1

(a)Mode 1

(b) Mode 2
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(b)Mode 2

(c) Mode 3
.

(d) Mode 4
Fig. 11 Natural modes of the beam into composite glass / Epoxy
In Table 6 a comparison is made between the dif-rents directions
of the composite fiber glass / epoxy.
Table 6 composite carbon / epoxy with different orientation.
f1
f2
f3
f4

[0/45/-45/90]
42.936
170.89
380.57
655.70

[45/90/0/-45]
42.936
170.89
380.57
655.72

[0/45/ 0/45]
42.931
170.87
380.53
655.64

[0/0/0/0]
44.987
179.00
398.89
684.80

In this table we see that the frequency are almost the same and the
direction has almost no effect on the frequencies..
Conclusions
Analysis of free vibration multilayer composite beams was
carried out by an analytical method and a numerical simulation
using the finite element software (MEF) ABAQUS. The
conclusions from this study are: the error increases with
frequency this is due partly to the j2 term in equation own beats
and also to the beam dimensions. Natural frequencies are
higher queues that of carbon / epoxy followed by steel, finally
of glass / epoxy. The largest frequency is at the orientation [0,
0, 0.0] and the smallest is at the orientation [45, 90, 0, -45] .For
the composite glass / epoxy material frequencies are almost the
same and the fiber orientation has almost no effect on the
frequencies.
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ABSTRACT
This study aims to study the mechanical behavior in 3points and 4-points static bending of a composite of two
different foam-sandwich laminates and unidirectional
reinforcements crossed SMS [04] and SMS [0/902/0].
Sandwiches tubes consist of glass fibers and epoxy resin for the
skin and PVC foam to the core. The tests in static bending 3point and 4-point of these two sandwich materials have
determined the necessary mechanical and highlighted their
mechanical behavior. The comparison of the mechanical
behavior of the same material applied in 3-point bending the
one hand and bending the other 4-point highlighted static
rigidity phenomenon whose meaning is clear on the various
curves of load behavior -shifting. The test in 4-point bending
static allowed to highlight a better tensile strength of the
materials tested.
INTRODUCTION
Composite materials are used in a variety of structural
applications. The combination used as an effective structural
component for supporting the axial loads or bending, is a beam
or sandwich panel which consists of a central portion of low
density bonded between two thin skins of a more rigid material
[01 Bert ]. The major advantage of this type of multilayer
materials is its high flexural rigidity. Currently, long-term
performance of such structure under various loads and
conditions of the load spectrum is little known. The basic
principles of sandwich and reviews of experimental and
analytical methods are described in the constructions works,
[Allen 02], [03 Zenk] and [Clark 04]. Most scientific
information published on sandwiches structures was
experimental in general. The central part of the sandwich
structure, is usually a polymer foam such as polyvinyl chloride

(PVC) [Byn 05], [06 Bir] and [BRIO 07]. The first approach of
the mechanical foam is to connect the physical properties of the
foam structure, and properties of the base material approach
introduced by [ASHB 08]. It is necessary to define mechanical
testing procedures and reliable non-destructive inspections [She
09] and standardize production methods. Expressions,
developed by [Map 10] and Gibson et al. [Gib 11] predict the
effect of the density of the foam on the pore closing force
foams for various stress states where models and experimental
results show the influence of density on most published
scientific information on sandwiches structures were
experimental in general. The central part of the sandwich
structure, is usually a polymer foam such as polyvinyl chloride
(PVC) [Byn 05], [06 Bir] and [BRIO 07]. The first approach of
the mechanical foam is to connect the physical properties of the
foam structure, and properties of the base material approach
introduced by [ASHB 08]. It is necessary to define mechanical
testing procedures and reliable non-destructive inspections [She
09] and standardize production methods. Expressions,
developed by [Map 10] and Gibson et al. [Gib 11] predict the
effect of the density of the foam on the pore closing force
foams for various stress states where models and experimental
results show the influence of density on the strength of the
foam polymer. [Desp 12] presented results on the performance
of PVC foam surfaces under axisymmetric loads. A model was
developed to evaluate the nonlinear behavior of sandwich
materials souls foams punching and bending three points based
on the characteristics of the components. [13a Loli] has shown
that results can be obtained from different assumptions of the
local behavior of the components. Other studies [Loli 13b]
evaluated by numerical simulation the same behaviors for the
same materials [Loli 13a]. The analyses take into account the
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nonlinear behavior of PVC foams and consider the case of large
deformations. The simulation results are validated by
comparison with experimental results punching. [Bez 14] were
interested in the damage of composites sandwiches to cross
skins laminated fiberglass / epoxy foam core with different
densities, subject to bending three points. [Ass 15] and [Car 16]
presented a methodology for the study of rupture sandwiches
materials subjected to bending tests three points for different
lengths between supports, the results are consistent with those
of the method experimental. Behavior in static and fatigue of
composite sandwich honeycomb core were investigated in four
point bending by [Bel 17] showing that the rigidity can not be
an adequate parameter to monitor the quality of a structure.
In this study, the experimental results of static behavior are
obtained by bending tests three points and four points which
remain the reference in all the proposed analyzes.
Experimental Technique
Materials
Two types of sandwiches, differentiated by the type of skin
are used. The first type of skin is laminated four layers [04]
consisting of a fabric of unidirectional glass fiber areal weight
(736g [100x30] x 0.85 cm) and epoxy resin SR 1500 / SD 2505
(690g resin and hardener 230g). The second type of skin is also
a four-layer laminate cross [0/902/0] made of a fabric of
unidirectional glass fiber areal weight (677g [90x30] x 0.85cm)
and the same resin (600g resin and hardener 200g). The two
skins have the same thickness t = 2 mm and their main
characteristics are given in Tables 1 and 2.

E (GPa)
2.9 à 3.2

𝜎𝜎𝑇𝑇 (MPa)
74 à 77

constraint
Compression
[N/mm2]

E
Compression
[N/mm2]

𝜎𝜎𝑇𝑇
[N/mm2]

E
Traction
[N/mm2]

4.8

255

6.6

178

Table 3: Mechanical properties in tension and compression of
the foam PVC Herex C 70 200

constraint
shear [N/mm2]

Module
shear
[N/mm2]

Breaking
shear
[%]

3.5

81

35

Table 4: Shear Mechanical of the foam PVC Herex C 70 200
Thermal
Maximal
Shock
conductivity
temperature
Resistance
[W/Mk]
usage [°C]
[Kj/m2]
0,034
80
6.6
Table 5: Thermomechanical characteristics of PVC Herex C
70 200
Experimental / test benches
The specimens are sought in 3-point bending and bending 4points on a universal testing machine zwick z250 type / sn5a
(figure 1 and 2) with a force sensor 250 kn and computer
controlled. the distance between the fixed supports is 142 mm
for both tests. five trials are performed at least for each type of
sandwich, with a test speed of 5 mm / min.

𝜎𝜎𝑓𝑓 (MPa)

115 à 120

Table 1: Mechanical properties of the epoxy resin
SR 1500 / SD 2505
E
(GPa)

G
(GPa)

74

30

0.25

𝜎𝜎𝑅𝑅𝑅𝑅
on bit
(MPa)
2500

Elongation
at break
(%)
4.8

Table 2: Characteristics of glass fibers
Only one type of foam souls Herex C 70 200, thickness c = 8
mm, was used. The main features of this foam are given in
Tables 3, 4 and 5. The implementation of sandwich plates is
produced by vacuum molding, by said bag technique. These
plates are impregnated at room temperature before being
vacuum molded with a depression 10 kPa provided by a pump.
The specimens were cut using a diamond blade saw, from the
300 x 300 mm² plates, according to the AFNOR NF 54-606.
The test pieces have a length L of 200 mm, a width b of 25 mm
and a thickness h of 12 mm.

Figure 1: Machine Zwick Z250 / SN5A.
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z

SMS [0/902/0]

1200

71

P

2
8
2

x

Charge (N)

1000

10
142

800
600

Ep 1
Ep 2
Ep 3
Ep 4
Courbe Moy

400
200

Figure 2: Device for 3-points bending test

0
0

z

72

P

2
8
2

1

2

3

4

5

6

7

8

9

10

11

12

Déplacement (mm)

P

Figure 6: Comparison of two average curves of evolution of
the load according boom in 3-points bending

x

10

The standard deviations are shown in tables (6) and (7).

142
Figure 3: Device 4-points bending test

3 RESULTS AND DISCUSSION
3.1 Static tests in 3- points bending

Serie
n=4

F max
(N)

F Rupt
(N)

ɛ Rupt
%

𝑋𝑋�

1044,62

1036,35

79,79

S

68,55

198,31

6,43

υ

6,51

20,60

9.30

average
strength

(N / mm)

213,48

1200

SMS [04]

1000

Charge (N)

800

Table 6: SMS sandwich features [04]

Ep1
Ep2
Ep3
Ep4
Courbe moy

600

400

erie
n=4

F max
(N)

F Rupt
(N)

ɛ Rupt
%

𝑋𝑋�

1036,35

974,28

67,54

S

70,02

212,15

5,99

υ

5,46

21,78

8,06

average
strength

(N / mm)

200

0
0

1

2

3

4

5

6

7

8

9

10

Déplacement (mm)

Figure 4: Evolution of the load according the arrow SMS
sandwich [04] bending 3-colon

238,86

1200

Table 7: SMS Sandwich Features [0/902/0]

1000

𝑋𝑋�: Average value
S: The standard deviation
υ: coefficient of variance

Charge (N)

800

600

SMS [04]
SMS [0/902/0]

400

Static 4-points bending tests

200

0
0

1

2

3

4

5

6

7

8

9

10

11

Déplacement (mm)

Figure 5: Evolution of the load according the arrow SMS
sandwich [0/902/0] in 3 - points bending.
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4. Results interpretation
figures 4, 5, 6, 7, 8 and 9 show the evolution of the load according
to the arrow at the central support for the two sandwiches studied,
in the case of static tests requested in both cases figure (3 points
bending and bending 4 points) whose characteristics are shown in
table 6 and 7. in the case of two types tested composite structure,
the 3-point bending behavior is similar to behavior in 4-point
bending and can be divided into three main stages, namely:
The first phase corresponds to a linear increase of the applied load
P δ with the arrow;
The second phase of nonlinear behavior, in which the maximum
load is reached;
The third and final phase in which there is a decrease of the
load applied to the total failure of the specimen.
In comparing the two types of tests for both types of
sandwiches (figure 10), we notice that their three-point bending
stiffness is significantly higher than in four-point bending.
Analysis of the results obtained (Tables 6, 7, 8 and 9)
highlights the influence of the skin type of the static behavior of
the studied sandwiches. Sandwich SMS to cross skins [0/902/0]
is stiffer.

Figure 7: evolution of the mean load according to the arrow

sms sandwich [04] 4 point bending

Figure 8: Evolution of the mean load according to the

arrow SMS sandwich [0/902/0] 4 bending point.

Figure 10: Comparison of curves of evolution of the load
according to the arrow for both types of bending
Observations of fracture surface after testing in static
bending

Analysis of observations of specimens broken static, can show
that the rupture of two sandwiches highly dependent on the
type forming the laminate skin (crossover or unidirectional) and
in the case of SMS sandwiches [04] for the two types of biasing
(3-point bending or four points), it is essentially obtained by a
delamination between the pressed skin and the core, then a
shear zigzag foam and finally a debonding of the lower foam
skin (figures 11) . While for SMS sandwiches [0/902/0], the
break is generally obtained by 3-point bending upper skin level
by compression in the vicinity of the central support (Figure
12). This rupture is caused primarily by punching (indentation).
Therefore, breaking the sandwich SMS [0/902/0] in 4-point
bending is the same as the SMS sandwich [04] 3-point bending.
Figure 11: Macroscopic and microscopic observations of the

Figure 9: Comparison of two average curves of evolution of
the load according to both bending 4-points.
Features Sandwiches
Maximum Load (N)
Load at Rupture (N)
Arrow breaking (mm)
Stiffness (N/mm)

SMS
[0 4 ]
1162,23
1162,23
12.02
158.58

SMS
[0/90 2 /0]
1493,59
1493,59
18.03
105.26

Table 8: features sandwiches

70

fracture surfaces of the sandwich SMS [04] in 3-points and 4points bending.

subjected to static flexion 3- point show better rigidity when
subjected to 4-point bending. As against these same materials
are more resistant to rupture in bending static 4-point (the ratio
-Displacement load is much higher).
Analysis of the results obtained by these experimental curves
(Tables 6 and 7) is used to highlight the influence of the skin
type of the static behavior sandwiches studied in two cases
(static bending 3-pointers and static bending 4-points).
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Figure 11: Macroscopic and microscopic observations of the
fracture surfaces of the sandwich SMS [04] in 3-points and 4points bending.

Cracking of the
upper skin

Figure 12: optical macroscopic and microscopic observations

of fracture surfaces of the sandwich sms0/902/0] in 3-point
bending
5 CONCLUSION
The average curves of load-displacement behavior for both
SMS materials [04] and SMS [0/902/0] show the same look
when it is the same type of static bending.
The linear behavior corresponds essentially to the working
skins in tension and compression, as the non-linear behavior, it
depends mainly on the properties of the core which is subjected
to shear forces.
The shape of the experimental curves show that SMS materials
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ABSTRACT
By using an automatic stacking and packing
machine; there is an increase in operation speed,
quality and efficiency. And also, by processing of
sensitive surface quality materials, for qualified
stacking machine, there has been an investigation of
air cushion and air floatation system an automatic
stacking and packing machine. For meeting the
demand for currently imported stacking and
packing machines in cut to length lines for sheet
metals with critical surface sensitivity. In process,
scoring of metal sheets and facing with any damage
while stacking it, deface surface quality of metal
sheets. At the stacking step, metal sheets reach
package area by rolling on conveyor. In this area

metal sheets drops step by step to each other’s
surface. During dropping, metal sheets touch each
other with friction. And while this touch happen
unwanted scorings and damage occurs. In addition,
while packing; any of human hand touch is also
debilitative. By the help of air cushioning system
metal sheets will float with the help of air and then
it is going to drop to other sheet’s surface softly. By
the way, the friction which occurs because of metal
sheets touch to each other will be prevented. In this
study an investigation and improvement of process
steps of sensitive surface metal sheets stacking have
been done by using CFD (Computational Fluid
Dynamics) and Finite Element Method.

INTRODUCTION
In the mechanics construction industry there has
been a huge development in automation of
machines. These automation machines has a crucial
role in this industry because of their ability to make
product better. Sensitive surfaced metal sheets have
a great importance in all kinds of mechanical
sectors. One hand, packing of these sheets should
be defect-free. In standard packing machines; the
product that will be packed drops by the help of
gravity and then metal sheets rolls forward. At the
meantime product slides on the drill chuck and that

causes friction defects on metal sheets and this is
unwanted situation. To eliminate this unwanted
situation air floatation and cushioning system can
be used. This air flow provides smooth and soft
dropping to metal sheets.
John R.Radek and Thaddeus S.Flawers [1]
manufactured sheet handling machine and took
patent. Their invention relates generally to sheet
stackers, being principally practicable to thin sheet
material having a surface especially susceptible to
scratching or other marring. Similarly, Bernhard
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Mokler [2] designed an apparatus for stacking
plates, in particular sheet-metal plates which are
advanced in succession along a horizontal
transporting plane in a translator manner by means
of a transporting arrangement at the end of which
the underside of a first plate is acted upon in the
region of the front edge thereof by a first air stream
and then the rear-edge region of the first plate is
sucked. Kango Sakai, Kitakyushu and Yasuo
Shimokawa, Fukuoka found an invention which
provides an apparatus and method for supporting a
metal strip without touching the metal strip, whilst
at the same time preventing local cooling or heating
of the metal strip [3]. Zeggari at al.[4] presents a
design, fabrication and testing of a new twodimensional pneumatic conveyor for micro-chips
manipulation. In their study, the conveyor can
levitate and move flat objects to a desired position
using controlled air flow. R.Todd Swinderman [5]
studied air supported conveyors in bulk solids

handling. They found that, after combining air
supports with effective dust collection system, a
conveyor that it totally air supported will be the
best available technology for the dust and spillage
control of some bulk solid materials. Delettre at al.
[6] presented a new form of contactless distributed
manipulation using induced air flow by introducing
an analytic model of the velocity field of the
induced air flow according to the spatial
configuration of vertical air jets.
As it is shown from the Figure 1 and 2, cutted sheet
metal plates coming from between the wheels starts
to move forward. For a particular distance it moves
linearly then sheets comes to point that cannot stand
to its own weight and starts deflection and lean. A
fan blows air under the sheets for soft dropping.

Figure 1. Schematic of stacking and packing
machine
Figure 2. Cut to length line model view [7]
RESULTS AND DISCUSSION

Calculation and the analyses have been carried out
for 3 millimeters metal sheet with 1 kg/s, 4kg/s and
20 kg/s air flow rates. Air fan’s specifications;
Motor 7,5 kW and 3000 rpm, flow rate 7800 m3/h,
pressure 280 mm water column, air outlet velocity
from fan 18-20 m/s, fan efficiency is 84%.
Table 1 shows
sheet materials specifications
which we used in analysis.
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Table 1. Material Specifications
Material

Aluminum

Density

2770 kg/m3

Elastic Modulus

71000 MPa

Poisson Ratio

0.33

Yield Stress

280 MPa

There are some conditions for flow analysis
which is showed in figure 5.

Figure 3 shows analysis model drawing and
boundary conditions of structural analysis.

Figure 5. Flow analysis necessary definitions
Dynamic Mesh
Dynamic mesh variations in different time
steps are given in Figure 6-8. Analysis steps
are 0.001 second.

Figure 3. Structural analysis boundary
conditions
Figure 4 shows sheets contact zones after sheet
cutted and came from conveyor. Contact zone
is the first step of dropping.

Figure 6. Zero second

Figure 4. Metal sheets contact zone
identification

Figure 7. 0.012 seconds
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Air Flow Alteration
3 mm metal sheet’s velocity and pressure
distribution for 4 kg/s air flow is shown at figure
11-12 respectively.

Figure 8. 0.1 seconds
Situation of Blowing Air from Several
Different Number of Canals

Figure 11. 3 mm thickness metal sheet’s velocity
distribution for 4 kg/s air flow

Figure 9 shows 4 canal air blowing analysis result.
At it is shown from figure, the metal sheet
completely drops on contact zone floor.

Figure 12. 3 mm thickness metal sheet’s pressure
distribution for 4 kg/s air flow

Figure 9. Blowing air from 4 canals

Figure 13 shows metal sheets stress values under
condition of its own weight and without any air
blowing. Maximum sheer stress is 84 MPa.
Material’s yield strength is 280 MPa. Thus, there
isn’t any plastic strain.

On the other hand, at figure 10 whilst making canal
number 5 sheet doesn’t completely drops on contact
zone floor and floats.

Figure 10. Blowing air from 5 canals
Figure 13. Sheet stress values
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effect of decreasing the number of canals. The best
scenario is increasing air flow rate for effective
working conditions. By increasing the air flow rate,
pressures applied under metal sheets is increased.
When velocity has quadrupled it seen that friction is
decreased. Solutions for per analysis takes
approximately 24 hours. The required air flow rate
for floating the metal sheet that has 3 mm thickness,
3 m length, 2.5 m width is found 20 kg/s.

Figure 14 shows, the minimum required air blowing
for floatation 3 mm metal sheet. Analysis were
examined 2 kg/s increment after 4 kg/s air. The
necessary value found as 20 kg/s for floatation.
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ABSTRACT

fracture. The study of an existing crack and its stability is of
great importance. In reality, the propagation of a crack can lead
to rupture of a component that may lead to the total collapse of
the structure. The fracture mechanics is the right tool to analyze
this situation based on the fracture characteristics of the
material that are the critical stress intensity factor (Kc) and the
critical energy release rate (Gc) also called tenacity. This
composite degradation has been studied by several authors.
Experimentally, it has been observed that the different
mechanisms of damage in the transverse cross-laminates are
cracking, delamination crack tip and the longitudinal or
interlaminarcracking[1]. The order and sequence of occurrence
of such damage depends mainly on the following parameters:
nature of the fiber constituents/matrix architecture of the
laminated plate, and the manufacturing process of shaping and
different types of loads. The final collapse of the composite is
the result of the spread and accumulation of these three types of
damages. In the literature, these damages have generally been
studied separately: studies focus either on crack propagation by
either an analytical or numerical method [2] or an analytical
model of delamination [8]. Reference [3] has carried out finite
element analysis to analyze the delamination effect on
composite structures with two models.Reference [9] determined
the angle of crack propagation and found to be more with the
mode I contribution 55% and decrease slightly above this
value. A survey was conducted again by [13]. Using the model

The present study is based on the three-dimensional digital
analysis by the finite elements method of the mechanical
loading effect on the delamination of unidirectional and
multidirectional stratified composites. The aim of this work is
the determination ofthe release energy rate G in mode I and the
Von Mises equivalent constraint distribution along the damaged
area under the influence of several parameters such as the
applied load and the delamination size. The results obtained in
this study show that the unidirectional composite laminates
have better mechanical resistance one the loading line than the
multidirectional composite laminates.

INTRODUCTION
Thermoset composites reinforced with different types of
fibers are used in the transport sector, including aerospace and
automotive. They are widely used in applications where weight
reduction is critical. More, the use of a material is enlarged
more probability of possible failure is increased. The ability to
characterize ruptures, for example in terms of identifying
failure modes, characteristic parameters or rupture critical
values, is essential to ensure the integrity of parts and services
for the design of future products. The main aspect of this failure
is the crack, which provides the location and progression of the
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and mode II ENF (End Notched Flexure) composite glassfibre/vinyl ester[12]. It was concluded that in the loading of the
crack growth, in mode II, is a function of fiber / matrix
interface properties. However, some authors studied the role of
transverse cracks in the initiation of delamination between
layers based on properties. For example, [14] study the best
stack (0°, 45°, 90°) to reduce the stress concentration at the
crack tip and the interface shear stress in mode II.
Reference[10] studied the effect of cap and wrap-around on
reducing the stress concentration at the crack which leads to
suggest the propagation of cracks. It presented a finite element
study micro-macro - mechanical growth of interlaminar crack
array fiberglass / epoxy DCB specimens for mode I[13]. Due to
the heterogeneity of the composite material, probabilistic
studies have also been carried out by two approaches: some [5]
use a probabilistic criterion for the distribution of critical stress
while [4] use a criterion of the randomized critical energy
release rate. Reference [11] has shown that the interface shear
stress contributes significantly only to the mode-II energy
release rate. Reference [7] has located a semi analytical model
of energy release rate for delamination analysis of composites.
Reference [15] has used the energy deformation refund rate for
the characterization of fatigue delamination.
Our study is about the determination of the release energy
rate G in mode I and the distribution of Von Mises equivalent
stress along the damaged area. Different parameters were
considered: - Effect of the applied loading. - Effect of the
delamination size. The results show clearly better mechanical
resistance on the loading line fort the unidirectional stratified
composites than for the multidirectional stratified composites.

Fig.1Schematic representation of the geometrical model

MODELING
The adopted approach in this analysis is to use a reasonable
modeling with a good refinement of the critical area [6].
In this digital analysis by the finite elements method, the
specimen is modeled by quadrilaterals mesh elements of eight
nodes, isoparametric type.

Symbol
E1
E2
E3
ν 12
ν 23
ν 21
G 12
G 23
G 31

GEOMETRIC MODEL

Designation
Longitudinal Young’s
modulus
Transverse Young’s
modulus,
Transverse Young’s modulus
Longitudinal Poison ratio
Transverse Poison ratio
Transverse Poison ratio
Longitudinal shear modulus
Transverse shear modulus
Transverse shear modulus

Quantity
140GPa
10GPa
10GPa
0.3
0.3
0.0214
5GPa
3.85GPa
5GPa

TABLE I
Orthotropic Proprieties of Unidirectional Carbon\Epoxy Layer.

The composite laminate studied is a carbon/epoxy, it is
composed of 20 plies, each with a thickness of 0.13 mm, with a
symmetrical fiber; the first 8 plies are oriented at 0° and the
other adjacent plies at 90°. Our analysis goal is to show
theeffect of several parameters such as theappliedloadand the
delamination length on mode opening(modeI) for a test
composite material with a length of 150 mm, width of 20 mm
and a thickness of 2.6 mm.
The unsticking of layers was observed for a constant static
load from 10 N to 60 N applied to the half-width of the
specimen. For a distance of 5 mm, of his free end.
The delamination is created according to the width of the
composite material, and is located between the ten and the
eleven layer of the stratified. The composite material is
manufactured such as the initial length of the delamination area
is 35 mm.
The stratified composite material uses in this study is a
carbon\epoxy, its mechanical characteristic are presented in
table 1:

Fig. 2Schematic representation of the geometrical model with
modeling
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We registered an important increasing of the release energy
rate G in relation to the precedent case, defined by s:
•
20 N increasing of 50%
•
30 N increasing of 53%
•
40 N increasing of 55%
The increasing rate of G parameter is more intense. Fig. 5
shows that for loads inferior of 40 N, there is no damage for the
composite material.

RESULTS AND DISCUSSION
EFFECT OF APPLIED LOAD
1.
Delamination Length of 35 mm
We represent, in Fig. 3, the variation of the equivalent release
energy rate G in function off the length of delamination line
(width of the specimen), for different load, we remark the
increasing of G parameter with accretion of load.
The minimal values of G parameter where observed in the
free edge of the specimen, and begin to increase until a
maximal value in the middle of his width. The style of the
curve is almost a parabolic curve. For the low loads the release
energy rate G is almost constant along the width of the
specimen.
The increasing rate of the failure parameter G is accented
when in accordance with the applied load accretion.
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P = 20 N
P = 30 N
P = 40 N

140
120

G ( j/m2 )

100
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200

0
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P = 30 N
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P = 50 N
P = 60 N

180
160
140

0

5

10

15

20

Plate width ( mm )

Fig.4Energy release rate distribution versus plate width for
delamination length of 45 mm
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Fig.3Energy release rate distribution versus plate width for
delamination length of 35 mm
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2.
Delamination Length of 45 mm
We observe the same behavior like the precedent figure, but
in this time we remark that an increasing rate of G parameter
most marked is as the one of the precedent case.
With the same load of 40 N; we remark that the maximum
value of G parameter gives a rise of 77% as the precedent case.
•
20 N increasing of 70%
•
30 N increasing of 75%
The release energy rate G reached his critical value for
applied loads breaking the 40 N barriers.
3.

5

10

15

20

Plate width ( mm )

Fig.5Energy release rate distribution versus plate width for
delamination length of 55 mm

4.
Delamination length of 65 mm
Fig. 6 shows that the length of delamination has a big
influent on the G parameter. However, relatively to the length
delamination of Fig. 5, this one present a significant values of
G parameter with those percentages:
•
20 N increasing of 35%
•
30 N increasing of 39%

Delamination Length of 55 mm
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Fig.7 shows the variation of G equivalent for the two
positions P 1 and P 2 . The difference between the two values of
G parameter are due principally to the increasing of applied
load, and reach his maximal value for a delamination length of
65 mm.
Comparatively to Fig.3, we mark an important difference of
G equivalent for the two positions P 1 and P 2 for a load near of
an average equal to 20 N. this difference increase with the
accretion of load, and it reach the 16% for a load of 30 N, for
wish the G parameter approach the critical value in the position
P2.

We remark from a part, that whatever the stratified
composite material, the release energy rate G proportionally
varied with the applied load, other part, from the digital results
obtained, we observe that the multidirectional stratified
composite (Fig. 3), present a most marked level of release
energy rate G equivalent as the unidirectional stratified
composite. This attenuation of G parameter is due principally to
the mechanical resistance of unidirectional fibers on opened
mode in the delamination area.

G ( j/m2 )

STRESS DISTRIBUTION
170
160
150
140
130
120
110
100
90
80
70
60
50
40
30
20
10

We represent the variation of Von Mises stress equivalent
intensity and distribution on the requested zone defined by the
both position P1 and P2. We recall that the mesh was refined at
the level of this zone to obtain accurate results.
The stresses are determined in the various layers of the
laminated composite according to the inter distance going from
the undamaged zone to the one where the load is applied.
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Fig.6 Energy release rate distribution versus plate width for
delamination length of 65 mm
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Fig. 8 Energy release rate distribution versus plate width for
delamination length of 35 mm
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Through the line of delamination, whatever the two positions
P1 and P2, the stresses growing in from the undamaged area,
reaching a maximum value at the delaminated line and decrease
proportionally away from the latter, towards the point of load
application.
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Fig.7Evolution of G parameter with applied loads for the two positions
P 1 and P 2

COMPARISON BETWEEN THE UNIDIRECTIONAL
AND MULTIDIRECTIONAL STRATIFIED
Fig. 8 represents the distribution of release energy rate G in
function with the applied loads for a unidirectional stratified
composite with a delamination length of 35 mm.

Fig. 9 Mesh model and representation of the positions P 1 and P 2

1. Position P 1
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a.
Laminated Unidirectional
We observe that the stress field is localized at the level of the
line gouged (between ply 10 and its symmetrical, ply 11) for
the composite unidirectional. The stresses decrease as we go
further from the defect where the stresses are concentrated.

-

-

-

-

The delamination of composite laminate in mode I depends
on the intensity of the applied load and the surface of the
damaged area.
The rate of refund of energy values are maximum in the
middle of the width of the plate composite laminate and
they are minimum two free ends of the laminated
composite material, specifically at the level of the line of
delamination.
Compared to the cross laminatecomposite, composite
unidirectional presents a good mechanical strength,
because oriented at 0° ply better resist the imposed load
those oriented at 90°.
Under the effect of the same loading type and the presence
of an identical defect, it is noted that the high level of the
equivalent von Mises stress of the cross laminate
composite in the ply close to the defect is due to the
transfers of constraints following the non-solicitation of
adjacent fibers that are oriented at 90 ° and that have a low
von Mises equivalent stress; but that of the unidirectional
composite increases gradually from the first ply to the one
that is at the closest vicinity of the delamination line.

Fig. 10 Distribution of G versus platewidth for P 1 position (UL)
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ABSTRACT

energy. Solar cavity receiver can be divided into gas, liquid and
solid particle receivers. While liquid solar receivers can be
divided into tubular and falling-film receivers [1].
Qianjun et al. [2] simulated radiation flux distribution of
the receiver using the MCRT method. The impacts of incident
solar irradiation, aspect ratio (the ratio of the receiver height to
the receiver diameter), and the system error on the radiation
flux of the receiver were investigated. Qiu et al. [3] also
investigated the volume flow rate as well as the flow pattern
with a numerical and experimental study. It was resulted that the
thermal performance can be much better with up-flows than that
of down-flows.
Le Roux et al. [4] investigated the performance of a
rectangular cavity receiver in the solar thermal Brayton cycle
where air was used as the working fluid. They proposed a
method for determining the receiver surface temperatures and
receiver efficiencies for various cavity sizes. Their case has
some benefits like simplicity, low receiver cost and high
efficiency, since it operates at low pressure [4-10]. Generally,
cavity receivers have a higher level of efficiency compared to
the external receivers [11]. The utilization of thermal oil as
working fluid and the determination of an optimum depth of the

Currently, world attention increases on the renewable
energy research due to its advantages of being clean, no
pollutant and reproducible. A cavity receiver is used because it
can maximize the absorption of the concentrated flux and
minimize heat losses. In this study, the effect of the mass flow
rate of two different types of fluid including air and thermal oil
was investigated. The net power, the surface temperature, the
working fluid outlet temperature and the fluid pressure drop
were calculated along with the rectangular cavity receiver. It
can be concluded from the results that the net power of the
thermal oil as the working fluid was higher than air as the
working fluid. But the surface temperature and the outlet
temperature of the air was higher than of thermal oil as working
fluid. Also the results show that the pressure drop caused by air
was much larger than of thermal oil in the same mass flow rate.
INTRODUCTION
Solar energy is becoming an alternative for the limited
fossil fuel resources. The concentrating solar technology has the
potential to be used for converting solar radiation into thermal
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by solving Eqs. (1) and (2) using the Newton–Raphson Method
[4] :

cavity for maximum thermal efficiency would be a new subject
of interest.
The flow and heat transfer research of the cavity receiver
can help to estimate the thermal performance and optimize the
design of receiver greatly [12-16]. Therefore, many significant
theoretical and experimental investigations have been
conducted previously on the cavity receiver system. Harris and
Lenz [17] investigated the thermal performance of the solar
concentrating system with different receiver shapes. Xiao et al.
[18] conducted an investigation on the influence of flow rate
and flow direction of the air as the working fluid on the outlet
temperature and the performances with or without glass cover.
In this study, the effect of the mass flow rate of two
different types of working fluids including air and thermal oil
on the net power along with the cavity receiver, the surface
temperature of working fluids, the outlet temperature of
working fluids and the pressure drop of working fluids are
investigated.

(1)

(2)
The receiver surface temperature at different elements of
the tube and the net heat transfer rate depend on the receiver
aperture size, the cavity receiver depth, the mass flow rate of
the solar working fluid, the receiver tube diameter, the working
fluid inlet temperature and the dish reflectivity. Thus, a dish
concentrator diameter of 1.8 m with 84% reflectivity was
chosen. The mass flow rate of the thermal oil in the range of
0.002 kg/s to 0.06 kg/s, the thermal oil inlet temperature of 120
℃ , inner tube diameters of 5 mm, cavity depth of 1.5a,
intensity of the sun equal to 1000 W/m2 and the aperture cavity
of 0.125 m were investigated.
The view factors for different tube sections are determined
from the view factor relations available at [19]. The Behran
thermal oil is taken as the solar working fluid while the thermal
characteristics of this oil are obtained by the following
correlation [20]:

MODEL DESIGN AND METHODOLOGY
Dish collector modeling
The receiver presented in this work is a rectangular opencavity receiver constructed with a coated copper tube through
which the thermal oil flows. The working fluid enters the tube at
the bottom of the receiver and the heated working fluid exits at
the top. The receiver tube forms the inner wall of the opencavity receiver.
According to Le Roux et al. [4], the factors contributing to
the temperature profile and the net heat transfer rate on the
receiver wall can be divided into two components: geometrydependent and temperature-dependent. Their research show that
the effects of the geometry-dependent factors can be found with
the SolTrace software (see Table 1). The temperature-dependent
factors including the radiation heat loss to the environment, the
re-radiation from the inner-cavity walls, the convection heat
loss and the conduction heat loss can be calculated by the heat
loss equations. In this study, these methods are applied to
calculate the temperature profile and the net heat transfer rate
on the receiver wall.

(3)
Also air was used as the working fluid whose thermal
properties was obtained from [19].
Pressure drop
For a fixed receiver aperture area, the larger the receiver
tube diameter, the shorter the tube and the smaller pressure drop
length will be. The pressure drop through the tube is calculated
as:

Table 1. Assumption in the SolTrace modeling
The parabolic dish rim angle
45°
The optical errors
0–50 mrad
The tracking error
1°
The sun-shape
pillbox
The half-angle width
4.65 mrad
The reflectance of the cavity walls
15%
Number of ray intersections
10000

(4)
(5)
(6)
where f is determined from the Colbrook equation [19] for
copper and the K-values are determined from [19] for standard
90° bends, available for the specific tube diameter being
studied.

Numerical methods for receiver modeling
The surface temperature (
) and the net heat transfer
rate (

) at different elements of the tube are determined
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RESULTS AND DISCUSSION
Receiver solar heat flux profile
For the aperture size of the cavity receiver equal to 0.125 m2 , at
the tracking error of 1° and optical error of 10 mrad, the solar
heat flux rate at the different parts of different walls of the
receiver for d=5 mm and the height equal to 1.5a, was obtained
by the SolTrace (Fig. 1). It is mentioned that the “Distance of
Tubes” in the figure can be defined as the distance of each tube
element from the aperture of the cavity at the side walls. These
results were obtained by assuming that the inner walls of the
cavity receiver were flat surface. Noting that these solar heat
flux rates were for a parabolic concentrator rim angle of 45°
and the solar beam irradiance equal to 1000 W/m2.
The solar heat profile can be compared with the solar heat
profile of [4] found in the literature. The solar heat profile
found by [4] has similar trend with what was found in this work,
except the diameter of the dish concentrator.

Fig. 2. The surface temperature of inner tube for two types of
working fluids (air and oil) at the mass flow of 0.006 (kg/s),
tacking error of 1° and optical error of 10 mrad.

Fig. 3. The temperature of the working fluid for two types of
working fluids (air and oil) at the mass flow of 0.006 (kg/s),
tacking error of 1° and optical error of 10 mrad.
Fig. 1. Heat flux rate at different positions of different receiver
inner walls for h=1.5a at d=5mm and I=1000 W/m2.

Pressure drop
Table 2 shows the effects of the variation of the mass flow rate
for two types of working fluids on the pressure drop. It can be
resulted from Table 3 that the pressure drop by the air as the
working fluid was much larger than thermal oil as the working
fluid at the same mass flow rate. The reason is that the density
of air is much lower than the density of thermal oil as the
working fluid.

Temperature profile and net heat transfer rate of receiver tube
The results shown in Figs. 2 and 3 present the element tube
surface temperature and the working fluid temperature for the
air and the thermal oil as the working fluids, respectively. It can
be seen from Figs. 2 and 3 that the element tube surface
temperature and the working fluid temperature of the air were
greater than those in the thermal oil as the working fluid. These
are because of that the specific heat of the thermal oil was
greater than the specific heat of the air.
Also it can be found from Figs. 2 and 3 that the outlet
temperature of the working fluid is lower than the surface
temperature of each element. The element tube surface
temperature and the element outlet temperature distribution of
this study have similar trend to ref. [4].
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Table 2. Pressure drop of the cavity receiver with h=1.5a

NOMENCLATURE
A
area, m2
a
receiver aperture side length, m
constant pressure specific heat, J/kg K
cp
constant used in linear equation
c2
d
receiver tube diameter, m
F
view factor
h
cavity depth, m
h́
heat transfer coefficient, W/m2 K
m.
system mass flow rate, kg/s
m2
slop of linear equation
P
pressure drop, Pa
net heat transfer rate, W
rate of available solar heat at receiver cavity, W
R
thermal resistance, K/W
T
temperature, K
V
speed, m/s

Working Fluid
air

oil

Mass flow rate (kg/s)

ΔP (MPa)

ΔP (MPa)

0.002

1.521

0.004

0.004

5.147

0.007

0.006

10.565

0.027

0.008

17.643

0.043

0.01

26.294

0.063

0.02

91.4301

0.205

0.03

190.357

0.415

0.04

320.850

0.685

0.05

481.489

1.013

0.06

671.241

1.396

Greek symbols
𝜺𝜺
emissivity
σ
the Stefan–Boltzmann constant,
W/m2.K
ρ
density, kg/m3
Subscripts
0
avg
cond
f
in
n
s
total
∞

CONCLUSION
A rectangular closed-tube open-cavity solar receiver made of
coated copper was numerically modeled. While the cavity
height equal to 1.5a, inner tube diameter equal to 5 mm,
aperture size of the cavity equal to 0.125 m2, the inlet
temperature of the working fluid equal to 120°C and the solar
insolation equal to 1000 W/m2 were assumed. The effects of the
mass flow rate of the working fluid in the range of 0.002 to 0.06
(kg/s), and two types of working fluid including air and thermal
oil were investigated. The results were derived as followings:

initial inlet to receiver
average
due to the conduction
fluid
at the inlet
tube element number
surface
total
environment
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ABSTRACT

the exhaustion of fossils fuels, there is a conscience engaged in
favouring such as solar energy. For a long time the
concentration systems were the best in solar energy conversion,
especially the parabolic concentrator trough. Potentially, south
Algeria disposes an important amount of solar energy of more
than 2200 kWh/m²/year [2], and also a big area which favoured
the investment in this sort of renewable energies, parabolic
concentrators trough were being the biggest solar energy
conversion to a thermal energy, they were linked in serial and in
parallel. The important impact of these systems has motivate lot
of researchers to work in order to improve its performances,
especially sun tracking systems, the sun tracking system was
essential for the best performances and best efficiency during
the day and the year.
The size and the placement of concentrators limit the sun
tracking system choices, the sun tracking devices are recognized
as very practical, we find many configurations of sun tracking
with one axe and with two axes. In regions that are far from the
equator the optical losses caused by the cosine effect are very
considerable. It is clearly that the cosine effect is negligible in
centrals with big concentrators, but in a small installation of
parabolic concentrator trough like solar cooker, domestic hot
water, space heating, Air-conditioning and refrigeration as well
as other applications [3]. this losses are very important and a
solution must be imposed, we choose to move the reflector

The size of parabolic trough concentrators limits the
mechanical sun tracking systems solution. Generally,
concentrating collectors use only one-axis tracking, two-axis
tracking or non-tracking at all. Because the sun’s position
changes hourly, the solar power devices should be continuously
adjusted in order to produce the maximum power. Single-axistracking systems are considerably cheaper and easier to
construct, but their efficiency is lower than of the two axestracking systems [1]. In this paper we present a study that
confirm the feasibility of a novel one axe sun tracking system
with reflector displacement in order to minimize the optical
losses caused by the cosine effect in small parabolic trough
concentrators. Optical and thermal simulations are performed to
prove the efficiency of the novel system by the comparison
between two cases with displacement of reflector and without
displacement, and the results are very interesting, where we
have increased annual system efficiency.
INTRODUCTION
After the flaring-up of the oil prices at the time of
petroleum crisis by 1974, and the facing of the disastrous
effects caused by hydrocarbon combustion, without forgetting

88

better to inclined it in order to protect the reflector surface from
sand storms in arid region, in this study we analyze the idea of
displacing the concentrator reflector in order to recover this lost
energies.
In order to verify the efficiency of the proposed system we
have simulated the functionality of the two identical parabolic
trough concentrators where the first has a regular sun tracking
system and the second is equipped with the new proposed
system. The optical behavior was simulated by calculating the
displacement distance and the concentrated irradiance, for the
thermal behavior, we use the TRNSYS program in order to
calculate the useful energies and the efficiency of the two
concentrators.
Figure 2. The distance ‘L’ of cosine effect (in millimeters) as a
function of the day of year for different focal distances in
Ghardaia (arid region south of Algeria).

COSINE EFFECT
If the incident direct irradiance (Ed) forms an angle (θ)
with the normal of the aperture plane (Figure (1)), and if
concentration ratio is (C), the irradiance in the absorber is: [4]

E c = E d ⋅ Cos (θ ) ⋅ C

MECHANICAL SOLUTION PROPOSED
The tracking mechanism must be reliable and able to
follows the Sun with a certain degree of accuracy, guides the
collector to its initial position at the end of the day or during the
night, also must tracks the sun during periods of intermittent
cloud cover [5]. One-axis and two-axis-tracking mechanisms
are available. Generally, the two-axis tracker follows the sun’s
movement from the East to the West and changes the incline
angle according to the sun’s altitude angle. While the singleaxis tracker follows the sun’s movement only from the East to
the West. In this case, the energy collected by the solar
collector during both winter and summer is less due to Sun’s
changing altitude [6].
To minimize the optical losses we can propose three
solutions, the first consists of adding a mirror to the extremity
of concentrator, second with the augmentation of absorber
length, the third solution with displacement of absorber or
reflector. We prefer adopting the last solution for technical and
economic reasons.
In this study we consider a parabolic trough concentrator
with 14.4m long and 4m wide and 1.8m of focal distance, the
concentrator equipped with one axe sun tracking is oriented NS.
The mechanical solution that we propose allows us to make
sure that the rotation and the displacement of the reflector
occurred at the same time. For the rotation of the reflector, we
use a mechanical jack, and for the translation movement we use
a motor (3) connected to a speed reducer (4) which rotates a
threaded rod (1) that translates the reflector (figure (3)). The
displacement distance (L) is calculated at any time by the
conversion of solar elevation angle, this parameter must be
added to the one axe sun tracking strategy, and we deduce that
the displacement distance for the Algerian south is between
2.7m in winter and 0.45m in summer.

(1)

Figure 1. Cosine effect in the parabolic trough concentrator.
To have the best concentration efficiency in parabolic
trough concentrators, the solar ray must be perpendicular to the
aperture area; the cosine effect has a relation with the focal
distance.

L = F ⋅ Cos (θ )

(2)

For different focal distances we have calculated the
distance L of the cosine effect in Algeria south exactly in
Ghardaia region. (Figure (2)).
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increases from ‘31.8’ to ‘37.98%’ during the shortest day of the
year and from ‘62.57’ to ‘64.3%’ in the longest day of the year
(Figure (6)).

Figure 3. The proposed parabolic trough concentrator with
reflector displacement.
Figure 5. Irradiation and useful energy gain of a PTC with
regular sun tracking system and with reflector displacement.

THERMAL SIMULATION
In order to calculate the thermal performances we use the
TRNSYS software where the Linear Parabolic Concentrator
model is based on equations taken from Duffie and Beckman's
"Solar Engineering of Thermal Processes" (J. Duffie, W.
Beckman, 1991), we compare two parabolic trough
concentrators, with regular sun tracking system and with
displacement reflector.
The TRNSYS model of installation (Figure (4)) contains
the parabolic trough concentrator linked to a pump of ‘20kg/hr’
flow rate and a storage tank of ‘1m3’ equipped with a heat
exchanger, the concentrator is simulated for a region in the
south of Algeria (GHARDAÏA, Lat = 32,23°, long = 3,66°, Alt
= 450m) for a short and long days of the year. First, we
calculate the useful energy gain and the efficiency of the first
concentrator, then for the second concentrator we use the same
installation with adding to the length of the concentrator the
distance of the displacement (L) for any day without changing
the concentration ratio.

Figure 6. Efficiency of system in two simulation cases.
OPTICAL SIMULATION
According to optical simulation, we can observe that the
displacement of the reflector induces the displacement of the
concentration line; and therefore we have eliminated the optical
losses (cosine effect). In Algerian south and for the shortest day
of the year, the cosine effect is very high (Figure (7)). We have
displaced the reflector at distance of ‘2.8 m’ (Figure (8)) and
the efficiency of the system increases considerably by the
recovery of these optical losses.

Figure 4. TRNSYS model of simulation facility.
The results obtained after the TRNSYS simulation, prove
that the new proposed system is efficient, the useful energy gain
in the case of concentrator with reflector displacement have
increased considerably compared with the case of ordinary sun
tracking systems (Figure (5)). The efficiency of the system
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Figure 7. Presentation of concentrated irradiance beam for the
shortest day of the year, system with regular sun tracking.

Figure 9. Presentation of concentrated irradiance beam for the
longest day of the year, system with regular sun tracking.
CONCLUSION
Optical losses is the primary disadvantage in the parabolic
trough concentrator. The recuperation of those losses allows
getting an increased collectors efficiency. in this work, we
proposed a new sun tracking system based in reflector
displacement intended to be used in a small and medium
installation where the optical losses are minimized, to prove this
idea we have simulate two systems: the first system with
displaced reflector and the second with ordinary sun tracking
system. The results were very interesting; the efficiency has
increased considerably with a simple mechanical solution and a
few modifications in the sun tracking strategy. Currently, we
work to prove the new sun tracking system experimentally
through new prototype installed in south of Algeria.

Figure 8. Presentation of concentrated irradiance beam for the
shortest day of the year, system with reflector translating.
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ABSTRACT
Knowledge of solar residential device’s thermal
performance is necessary in order to optimize their output. This
requires a database of solar radiation for locations for which the
system is being installed. In this regard, temperature maps are
generated for a realized parabolic solar cooker using an
improved solar radiation model for 48 cities in Algeria. The
maps are drawn for two cases: clear and cloud skies in winter
and summer seasons, which allow comparison between cooker
performances. The developed approach consists in converting
obtained results from optical simulation to thermal values based
on Stefan-Boltzmann law. Experimental data for receiver
temperatures and solar radiation measured at Ghardaîa city in
January month were used for the validation. It was found that
cooker temperature values obtained from the measurements and
that estimated using the proposed approach were in good
agreement. The mapping results indicate that the realized
cooker is efficient in all the country throughout the summer
season with temperatures exceeding 110 °C. The use of the
cooker will be reduced by going in South to North regions
during the winter months, depending on the amount of solar
radiations received. Nevertheless, the major area of the country

is favorable for the use of the cooker during this period of the
year even when the sky remains cloud.
INTRODUCTION
When considering thermal applications of solar energy,
solar cooking is the best option and the most promising
appliance using solar energy. The use of solar cookers provides
many advantages like fuel economy, greenhouse gases emission
reduction, firewood utilization saving, lower cost and high
durability [1]. However, in many parts of the world especially in
developing countries, wood and fossil fuel-based cooking still
predominate with the highest share in the global energy
consumption of the residential sector. This situation poses some
serious ecological problems such as deforestation [2],
economical and health problems are also among the
consequences of firewood use.
Algeria lies in the sunny belt of the world (figure (1)). The
insulation time over the quasi-totality of the national territory
exceeds 2000h annually and can reach 3900h in the high plains
and Sahara. The daily solar energy obtained on a horizontal
surface is 5 kWh/m² over the major part of the national territory,
or about 1700 kWh/m²/year for the North and 2263
kWh/m²/year for the South of the country [3]. These are very
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SOLAR COOKERS: DEFINITION AND TYPES
Solar cookers absorb solar energy and convert it to heat,
which is utilized to cook food. Solar cookers also enable some
significant processes, such as pasteurization and sterilization
[7]. Several types of solar cookers have been developed and are
still being modified by researchers and scientists worldwide.
The available solar cookers can be classified into three main
categories box type, concentrating type and indirect type. The
most recent classification was proposed by Yettou F et al. in
their review [4].

favorable climatic conditions for all solar energy applications,
especially for residential cooking, when considers that the
global Algerian demand for cooking energy is expected to
increase greatly with the increasing population over the
incoming years and that actual demand is met through using of
natural gas (cities) and by forest wood in rural and isolated
areas.
The amount of power produced by solar cookers depends
on the amount of sunlight to which it is exposed. As the sun’s
position changes throughout the day, the solar systems must be
adjusted several times during cooking. For this purpose, booster
mirrors are usually added to box-type solar cookers (BSCs),
single or two axis tracking systems are used by parabolic solar
cookers (PSCs). Both for two type cookers, the tracking is
difficult especially, when the cooker is loaded (case of BSCs)
and when the manual device is used to rotate the assembly (case
of PSCs). The performance of solar cookers can be optimized
when the cookers are orientated in such a way that the incident
sun lights fall onto solar cookers with an incident angle equal to
zero and therefore the total losses in the absorber/focal point are
the least, so that to reduce the high accuracy requirement for
tracking and to overcome the need of standing in the sun, which
are the main drawbacks of most solar cookers [4].

Box solar cookers
A solar box cooker (SBC) consists of an insulated box with
a transparent glass cover and a plate absorber painted black in
order to absorb a maximum amount of sunlight [7, 8]. The box
is usually equipped with a mirror booster to reflect solar
radiation into the box. A maximum of four cooking vessels can
be placed inside the box cooker [9, 10]. Using the box type, a
temperature around 100 °C is achieved; this temperature is
suitable for cooking by boiling [11]. Box-type solar cookers are
slow to heat up but work satisfactorily under conditions in
which there is diffuse radiation, convection heat loss caused by
wind, intermittent cloud cover and low ambient temperature
[12, 13].

In our recent work [5, 6], the absorber temperature maps of
a box-type solar cooker with inclined aperture area were
established. In this work, the authors attempted to evaluate the
thermal efficiency of a paraboloidal concentrator solar cooker
in Algerian climatic conditions using a new approach based on
optical simulation of concentrated solar radiation. The
estimated temperature maps of the concentrator receiver were
generated by this study for all Algerian cities and for several
cases. In order to validate the results of simulation
experimentally, the parabolic solar cooker was designed and
realized by the authors at Applied Research Unit on Renewable
Energies of Ghardaîa (Algeria) for domestic cooking
applications.

Many scientists and manufacturers over the world are
interested by box solar cookers [14–18]. In recent years,
researchers highly focused on developing novel designs of solar
cookers. In 2012, Mahavar et al. [19] presented the design
development and, thermal and cooking performance studies of a
novel Single Family Solar Cooker (SFSC). In early 2013, they
fabricated a Solar Rice Cooker (SRC) [20]. Kumar et al. [21]
fabricated and tested a multipurpose domestic solar cooker cum
dryer based on truncated pyramid geometry, at the Sardar Patel
Renewable Energy Research Institute of India. They also
designed and constructed a truncated pyramid geometry based
multipurpose solar device, which could be used for domestic
cooking as well as water heating [22]. In early 2013, Farooqui
[23] presented an innovative work, which consists of a novel
mechanism for one-dimensional tracking of box type solar
cookers. More recently, Gama F.Y et al. presented the energy
and exergy evaluation of solar box cooker under climatic
conditions of Algeria [24].
Concentrating solar cookers
Concentrating-type cookers utilize multifaceted mirrors,
Fresnel lenses, or parabolic concentrators to attain higher
temperatures (up to 200 °C) [11]. The most popular is the
parabolic solar cooker, which consists of a parabolic reflector
supported by a stand with a cooking pot placed at the focus
point of the cooker. Concentrating-type cookers are suitable for
frying and food cooking but need frequent adjustment to track
the sun’s position. Therefore, theses cookers are usually
equipped with sun following devices. The most recent work

Figure 1. Priority areas of the world for the development of
solar cooking.
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done in this field is the sun tracking system with absorber
displacement of Gama et al. [25].
Concentrating-type cookers have attracted more attention
and several concepts are being brought into reality around the
world [26–28]. Recently, more advanced concentrating type
designs have been developed, such as the parabolic solar cooker
constructed by Al-Soud et al. [29], the spherical type solar
cooker with automatic two-axis sun tracking system realized by
Abu-Malouh et al. [30], and the solar cooking stove, which uses
a Fresnel lens for concentration of sunlight, designed and tested
in 2011 by Valmiki et al. [31]. A solar coffee maker was also
realized and operated by Sosa-Montemayor et al. [32], a solar
fryer designed and developed by Gallagher [33], a solar cooker
and water heater designed and built in 2010 by Badran et al.
[34], and mostly recently, a new portable solar cooker with
PCM based heat storage created by Lecuona et al. [35].

Figure 2. Schematic of a parabolic solar cooker with tracking
system.
METHODOLOGY
In order to draw different cooker maps, several steps are
necessary (figure (3)):
- Modeling normal beam solar irradiances for clear and
cloud skies based on sun position parameters, data for Linke
turbidity and sunshine fraction factors using Matlab language
[39, 40].
- By importing the conception design of parabolic solar
cooker from Solid Works software [41], a simulation of
concentrated solar irradiance on a concentrator receiver was
done for the 48 cities of Algeria by inserting modeling results as
inputs in to TracePro software [42].
- Solar cookers are a direct application of the laws of heat
transfer by radiation (Sephan-Boltzmann law), which states that
the flux density emitted or received by a body is proportional to
the 4th power of its temperature. Thus, the next step is the
conversion of obtained optical results for concentrated
irradiance to thermal values using Stephan -Boltzmann law as
follow [43]:

Indirect solar cookers
The indirect-type solar cookers use a heat-transfer fluid to
carry thermal energy from the point of collection to the cooking
vessel(s) [11]. This mode of energy collection is useful for
indoor cooking applications. One of such types is the cooker
realized by Mehmet Esen [36] which uses a vacuum-tube
collector with heat pipes containing different refrigerants, and
the cooker employing flat-plate collectors with the possibility of
indoor cooking experimented with by Hussein et al. [37].
DESCRIPTION OF THE PARABOLIC SOLAR COOKER
COOKERS
The realized parabolic solar cooker (SPC) consists of a
parabolic reflector supported by a stand with a cooking pot
placed at the focus point of the cooker. The shape of the cooker
is paraboloidal type having 0.9 m aperture diameter (figure (2)).
This solar cooker has a steel structure and uses small mirror
facets as the reflector. The reflective area of the solar cooker is
0.72 m². The focal length of the cooker is 0.5 m while the focal
area of the cooker is 0.10 m². The concentration ratio of this
cooker is calculated about 24. The reflectivity of the mirror
facets is 0.80. The Aluminum cooking pot (20 cm in diameter
and 10 cm in height) filled with water and equipped with a
black cover was placed at the focus area of the cooker.
Parabolic reflector was assigned a reflectivity of 100% and its
receiver is considered as perfect absorber. The solar tracking in
this cooker is done manually, the cook has to reposition it each
8–10 min. In our recent paper [38], we explained a new method
based on optical losses to determine the time adjustment for
PSC. According to the results, a time adjustment of 8 minutes is
required for our parabolic solar cooker.

C max R1 R2 I S = σ s T 4

(1)

Where: C max is the concentration ratio, it is equal to the
concentrated radiation / incident radiation, R 1 R 2 = R is the
reflectivity of the glasses, I s is the incident solar radiation in
W/m², σ s is the Stefan-Boltzmann constant (5.67x10-8
W/m²K4), T4 is the temperature in °K.
- The above steps are applied to 62 points (including the 48
cities) for several geographical locations of Algeria to create a
compatible matrix format for Surfer Golden Software [44]. The
Golden Software Surfer Inc software is a universal tool path
contours, surfaces and 3D cartographic representations. It also
allows to interpolate between two adjacent points with high
accuracy. Reading the matrix file XYZ by the Surfer software,
offers the possibility to project the obtained results on
illustrative and analyzable maps. So, maps of solar irradiance,
concentrated solar radiation and temperatures are obtained.
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Figure 3. Steps to obtain parabolic solar cooker maps based on optical approach.
OPTICAL SIMULATION, EXPERIMENTAL WORK AND
VALIDATION
For each city (Lat, Long, Alt) of Algeria, an optical
simulation of concentrated solar irradiance on a concentrator
receiver was done. Figures (4.a), (4.b), (4.c) and (4.d)
represents the results of simulation, by TracePro software; of
concentrated irradiance on the focus area for clear and cloudy
days in December and June months, respectively.
(a) PSC in clear day
(December month)

(c) PSC in clear day
(June month)

By applying the Stefan-Boltzmann formula for thermal
conversion of optical values, the following results were
obtained for pot water temperatures in December month at
Ghardaîa city: 92.6 °C for clear sky and 84.3 °C for cloud sky.
By comparing the theoretical results with experimental data
measured at Ghardaîa (figure (5)), it was found that the values
are in good agreement with an acceptable average error of ± 3
°C. Under direct sun exposition, the cooker water temperatures
achieved 95 °C for clear sky and 82 °C for overcast sky
conditions, just after noon; when the ambient temperature was
19 °C and 17 °C, respectively.

(b) PSC in cloudy day
(December month)

(d) PSC in cloudy day
(June month)

Figure 5. Practical Results of the temperature profil for the
PSC’s focal area with solar radiation, measured on the Ghardaîa
site for the test carried on December month.
MAPPING RESULTS
To generate various maps (direct normal radiation,
concentrated radiation, temperature receivers), we applied the
approach detailed above, namely; mathematical modeling,
optical simulation, data conversion, for the entire Algerian
territory. For this, and in order to cover all most of the country's
area; we chose 62 point including 48 cities with different

Figure 4. Results of the simulation for the concentrated
irradiance on the focal area of the PSC in Ghardaîa site’s.
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geographic coordinates (Lat, Lon, Alt) original of Google Earth
Service.

a

Solar radiation and concentrated radiation maps
The web-based solar radiation resource SoDa (www.sodais.com/) [45] can be used to calculate monthly values of TL 2 for
any location in the world by entering geographical coordinates
and elevation data [46]. For our case, we create a data base for
each combination (Lat, Lon, Alt) of Algeria with step of 280 km
[47].

a
b

b
Figure 7. Mapping of normal beam solar irradiances for: (a)
December month, (b) June month in Algeria.
For an assessment of normal beam irradiances for overcast
conditions, a sunshine fraction factor σ o is used. A sunshine
fraction data for Algerian cities is available on Capderou book’s
[48].
Figures (6.a) and (6.b) show the map of mean values of
Linke turbidity factor used for calculating direct normal
irradiance on the parabolic receiver, for clear sky on winter and
summer season, respectively. Mapping on Figures (7.a) and
(7.b) represent the instantaneous incident irradiances for
December and June month obtained from our Matlab program.
We also present, in Figures (8.a) and (8.b); the maps of
sunshine fraction for all Algerian cities used for calculating the
solar irradiance incident on the cooker receiver on cloudy skies.

Figure 6. Mapping of Linke turbidity factor mean values for:
(a) December month, (b) June month in Algeria.
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a

a

b

b

Figure 9. Obtained map for concentrated solar irradiance on
PSC’s receiver for: (a) typical winter season clear days, (b)
typical summer season clear days.

Figure 8. Mapping of sunshine fraction mean values for: (a)
December month, (b) June month in Algeria.
Figures (9.a), (9.b), (10.a) and (10.b) represent the
mapping of obtained results for concentrated irradiances on the
receiver for clear skies on winter and summer months and for
cloudy skies on winter and summer months, respectively.
We can easily notice, from these cards; the important
quantity of concentrated solar radiation incident on the cooker
receiver on summer season compared to winter. This remark is
also valuable for cloudy days, especially in the south of the
country. The amount of average concentrated irradiance at the
receiver of the cooker is estimated as 2676 W/m² for a typical
day of June month at noon (figure (10.b)) and as 1393 W/m² for
typical day of December month (figure (10.a)). These quantities
are significantly increased for clear skies with 4104 W/m²
average value in summer (figure (9.b)) and 2240 W/m² in
winter (figure (9.a)), this is mainly due to the significant amount
of direct normal solar radiation received throughout the
Algerian territory during the year. The average value of direct
normal irradiance in June month at noon is estimated at 877
W/m² (figure (7.b)), an average value in the month of December
is estimated as 867 W/m² (figure (7.a)).

a
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The receiver temperatures for winter and summer months
under overcast conditions in the Figures (12.a) and (12.b) are
also presented.
According to the iso- temperature map distributions, it is
clear that the solar cooker can be used in all Algerian territory
in clear sky summer season (figure (11.b)) with temperatures
exceeding 110 °C. For the winter season, the use duration of the
cooker is reduced by going from South to North cities (figure
(11.a)), depending on the amount of solar radiations. The
recorded temperatures are between 62.7 °C and 68.4 °C for
sites with latitude greater than 36 °N and between 70.2 °C and
86.2 °C for site’s latitude 34° < ϕ < 36 °N, the estimated
temperatures are above 93 °C for South of the country.
The use of the solar cooker under overcast conditions
became inefficient in North and height plains regions (figure
(12.a)) due to low temperatures (below 80 °C). However, the
cooker is exploitable on the most area of the country during
summer season almost under cloud sky; temperatures are
estimated between 81.3 °C and 90.7 °C in the North and
between 94.6 °C and 167.7 °C in the South (figure (12.b)).

b

Figure 10. Obtained map for concentrated solar irradiance on
PSC’s receiver for: (a) typical winter season cloud days, (b)
typical summer season cloud days.
Cooker receiver temperature maps
Figures (11.a) and (11.b) show the mapping of
temperatures attained by the cooker receiver obtained for winter
and summer months under clear sky for Algeria, respectively.

a

a

b
b

Figure 12. Receiver temperature maps of parabolic solar
cooker for Algeria cloud sky as obtained by the proposed
approach for: (a) typical winter season, (b) typical summer
season.

Figure 11. Receiver temperature maps of parabolic solar
cooker for Algeria clear sky as obtained by the proposed
approach for: (a) typical winter season, (b) typical summer
season.
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17. SC. Mullick, TC. Kandpal and S. Kumar, Top heat-loss factor of
double-glazed box type solar cooker from indoor experiments, Energy,
Vol. 22, pp. 559-565, 1997.
18. Rao KVN. Srinivasan, Innovative solar cooking vessel design, In:
Fifth international energy conversion engineering conference and
exhibit. St. Louis, Missouri, USA, 25–27 June 2007.
19. S. Mahavar, N. Sengar, P. Rajawat, M. Verma and P. Dashora,
Design development and performance studies of a novel Single Family
Solar Cooker, Renew Energy, Vol. 47, pp. 67-76, 2012.
20. S. Mahavar, P. Rajawat, VK. Marwal, RC. Punia and P. Dashora,
Modeling and on-field testing of a Solar Rice Cooker, Energy, Vol. 49,
pp. 404-412, 2013.
21. N. Kumar, S. Agravat, T. Chavda and HN. Mistry, Design and
development of efficient multipurpose domestic solar cookers/dryers,
Renew Energy, Vol. 33, pp. 2207-2211, 2008.
22. N. Kumar, T. Chavda and HN. Mistry, A truncated pyramid nontracking type multipurpose domestic solar cooker/hot water system,
Appl Energy, Vol. 87, pp. 471-477, 2010.
23. SZ. Farooqui, A gravity based tracking system for box type solar
cookers, Solar Energy, Vol. 92, pp. 62-68, 2013.
24. F.Y. Gama, B. Azoui, A. Malek, N.L. Panwar and A. Gama,
Energetic and exergetic evaluation of solar box cooker in Algerian
climatic conditions, Int. J. Exergy, Vol. 16, No. 3, pp. 337-357, 2015.
25. A. Gama, C. Larbes, A. Malek, F. Yettou and B. Adouane, Design
and realization of a novel sun tracking system with absorber
displacement for parabolic trough collectors, J. Renewable Sustainable
Energy, 5: 033108, 2013.
26. JM. Arenas, Design, development and testing of a portable
parabolic solar kitchen, Renew Energy, Vol. 32, pp. 257-266, 2007.
27. E. Sharaf, A new design for an economical, highly efficient,
conical solar cooker, Renewable Energy, Vol. 27, pp. 599-619, 2002.
28. AV. Sonune and SK. Philip, Development of a domestic
concentrating cooker, Renew Energy, Vol. 28, pp. 1225-1234, 2003.
29. MS. Al-Soud, E. Abdallah, A. Akayleh, S. Abdallah and ES.
Hrayshat, A parabolic solar cooker with automatic two axes sun
tracking system, Appl Energy, Vol. 87, pp. 463-470, 2010.
30. R. Abu-Malouh, S. Abdallah and IM. Muslih, Design, construction
and operation of spherical solar cooker with automatic sun tracking
system, Energy Convers Manage, Vol. 52, pp. 615-620, 2011.
31. MM. Valmiki, P. Li, J. Heyer, M. Morgan, A. Albinali, K. Alhamidi
and J. Wagoner, A novel application of a Fresnel lens for a solar stove
and solar heating, Renew Energy, Vol. 36, pp. 1614-1620, 2011.
32. F. Sosa-Montemayor, OA. Jaramillo and JA. Del Rio,
Thermodynamic analysis of a solar coffee maker, Energy Convers
Manage, Vol. 50, pp. 2407-2412, 2009.
33. A. Gallagher, A solar fryer, Solar Energy, Vol. 85, pp. 496-505,
2011.
34. AA. Badran, IA. Yousef, NK. Joudeh, R. Al Hamad, H. Halawa
and HK. Hassouneh, Portable solar cooker and water heater, Energy
Convers Manage, Vol. 51, pp. 1605-1609, 2010.
35. A. Lecuona, JI. Nogueira, R. Ventas, MC. Rodríguez-Hidalgo and
M. Legrand, Solar cooker of the portable parabolic type incorporating
heat storage based on PCM, Appl Energy, Vol. 111, pp. 1136-1146,
2013.
36. M. Esen, Thermal performance of a solar cooker integrated
vacuum-tube collector with heat pipes containing different
refrigerants, Solar Energy, Vol. 76, pp. 751-757, 2004.
37. HMS. Hussein, HH. El-Ghetany and SA. Nada, Experimental
investigation of novel indirect solar cooker with indoor PCM thermal
storage and cooking unit, Energy Convers Manage, Vol. 49, pp. 22372246, 2008.

CONCLUSION
A new approach was employed to generate temperature maps of a
solar receiver for a domestic parabolic concentrator used for cooking
purposes. A model was developed to calculate solar irradiance for 48
cities in Algeria; an optical simulation of concentrated solar radiation
was applied to each location. The simulation results are converted to
temperature values based on Stefan-Boltzmann law. The hourly
temperature maps produced can predict the cooker efficiency under
Algerian climatic conditions for clear and cloudy skies. Nevertheless,
solar cooking remains a reality that allows healthy cooking food with
energy savings and respect for the environment.
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ABSTRACT

this high energy is hiding an important invoice of the heat
dissipated by Joule effect, probably effect on their
performances. To avoid any damage of integrated circuits
problems, it is prior to have a good cooling allows these
grounds to achieve its maximum values in data processing, the
prediction of such phenomenon has become an absolute
necessity for design and the development of electronic parts, in
order to control the heat transfer provided by these convective
flows to enhance the energy consumption, the lifetime of
electronic devices, the maintenance cost, and have a good
performance in operation. Thus, we can find an important
potential search for two and three dimensional configurations,
which has been studied through several works; Turan et al. [1]
carried numerically the heat transfer of natural convection in a
rectangular enclosure with differentially heated side walls for
Bingham fluids, the especially boundary condition was
considered in a rectangular enclosure by Pravez et al. [2]. Deng
[3] numerically investigated the effects of the aspect ratio,
location and arrangement of multiple discrete blocks mounted
on the vertical sidewalls. They found that the total heat transfer
was closely related to the number of eddies in the enclosure.
Yoon et al. [4] studied natural convection in a cooled square
enclosure with two inner heated circular cylinders. Sezai et al.
[5] studied the effect of aspect ratio and Rayleigh number in
discrete heat flush-source mounted on the bottom of the
rectangular enclosure. It was found that the heat transfer is max
at edges of the discrete heated source and it was not so sensitive
to the boundary conditions. In this framework, a heated
isothermal rectangular element mounted on the bottom of the
enclosure was studied by Oosthuizen et al. [6]. In the present
work, the main objective is to determine and analyse, on the

In this work, a numerical study of three-dimensional (3-D)
natural convection flow in a 4×1×4 (length Lx, height H, width
Lz) rectangular enclosure, which are mounted two identical
heated blocks, simulating electronic components, was carried
out. These blocks are placed at the center of bottom wall of a
rectangular cavity assumed adiabatic, while the other walls are
maintained at a cold and constant temperature. The threedimensionless of Navier-stocks and the energy equations were
solved numerically by using the finit-volume method, based on
the SIMPLER algorithm. Comparisons with previous results
were performed and found to be in excellent agreement. Our
effort is focused on the laminar flow at (Ra = 105) trying to
study the influence of some effects as; aspect ratios of the
length from Ax = 12.7 mm to 2×Ax, and the transverse parts
from Az = 12.7 mm to 3×Az, of components, on the physical
behavior of fluid flow and heat transfer. They show an
imbalance in heat transfer on the faces of each block, which is
in strong relation with the boundary layer, boundary conditions,
and the buoyant force that occurs between the blocks for each
variation of these parameters.
1. INTRODUCTION

The balance between industrial miniaturization of modern
technological devices and constraints of heat dissipated by
them, made one of the greatest problems of modern science.
Certainly, the miniaturization of electronic components has a
great importance in modern life, but in correspondence behind
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three dimensional configurations, the comportment of fluid flow
and heat transfer whose appear to influence the effect of aspect
ratios of components, which are demonstrated.
2. PHYSICAL MODEL

A schematic diagram of the problem is shown in Figure (1).
The three dimensional aspect ratios of the rectangular enclosure
are kept at Lx = 80 mm, Lz = 80 mm, and H = 20 mm. The fluid
flow considered here is the air (Pr=0.71) and it is assumed to be
Newtonian,
incompressible,
except
the
boussinesq
approximation being valid. The enclosure is characterized by
two heated blocks, which are symmetrically placed on the
bottom adiabatic surface. Each heated block is maintained at
hot temperature Th, and characterized by a height h = 3.16 mm,
length l = 12.7 mm, width ws = 12.7 mm, and the distance d
between two heated blocks d = 12.7 mm. The upper and vertical
sidewalls of the enclosure are kept at a uniform low temperature
(Tc = 20°C), the rest of the bottom surface of the enclosure
being adiabatic.

 ∂v ∂v
∂v 
ρ  u + v + w 
∂z 
 ∂x ∂y
(3)
∂p ∂  ∂v  ∂  ∂v  ∂  ∂v 
= − +  µ  +  µ  +  µ  + ρgβ (T − Tc )
∂y ∂x  ∂x  ∂y  ∂y  ∂z  ∂z 
 ∂w ∂w
∂w 
ρ  u + v + w 
∂y
∂z 
 ∂x
∂p ∂  ∂w  ∂  ∂w  ∂  ∂w 
= − +  µ  +  µ  +  µ 
∂z ∂x  ∂x  ∂y  ∂y  ∂z  ∂z 

 ∂T
∂T
∂T
+v
+w
∂y
∂z
 ∂x





∂  ∂T  ∂  ∂T
k
k
+
∂x  ∂x  ∂y  ∂y

 ∂  ∂T 
 +  k

 ∂z  ∂z 

ρ Cp  u
=
(a)

(4)

(5)
The governing equation (1) to equation (5), are subject to
the following dimensional boundary conditions of enclosure:

At x = 0 mm, 0 ≤ y ≤ 20 mm, 0 ≤ z ≤ 80 mm :
u = v = w = 0 mm / s, T = 20°C

(b)
FIGURE (1): SCHEMATIC DIAGRAM OF PHYSICAL

(6)

CONFIGURATION; (a) THE 3D SYSTEM SCHEME OF
RECTANGULAR ENCMOSURE, (b) DIAGRAM OF FACES

At x = 80 mm, 0 ≤ y ≤ 20 mm, 0 ≤ z ≤ 80mm :
(7)
u = v = w = 0 mm / s, T = 20°C

POSITIONS OF TWO HEATED COMPONENTS

3. MATHEMATICAL MODEL

The dimensional governing continuity, Navier-Stokes and
energy equations can be expressed as follows:
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At y = 0 mm, 0 ≤ x ≤ 80 mm , 0 ≤ z ≤ 80 mm :
∂T
u = v = w = 0 mm / s,
=0
∂y
(8)

At y = 20mm, 0 ≤ x ≤ 80 mm, 0 ≤ z ≤ 80 mm :
(9)
u = v = w = 0 mm / s, T = 20°C

At z = 0 mm, 0 ≤ x ≤ 80mm, 0 ≤ y ≤ 20 mm :
u = v = w = 0 mm / s, T = 20°C
(10)

At z = 80mm, 0 ≤ x ≤ 80 mm, 0 ≤ y ≤ 20 mm :
u = v = w = 0 mm / s, T = 20°C

FIGURE (2): COMPARISON THE VARIATION OF THE

(11)

LOCAL NUSSELT NUMBER BETWEEN PRESENT RESULTS
AND SEZAI [5] FOR Ra = 103 AND Ra = 104

The local and average Nusselt numbers along the faces of
each heated block are defined, respectively as:

Nu = hconv H / k

Nu avg =

5. GRID TESTES
(12)

1
Nu dA
A ∫A

The results obtained on the table (1) have been taken at
Ra =5× 103, and Δτ =5 ×10-5. The interpretation of these values
means to conclude that a small difference value between grid
sizes does not exceed 4% of the best case, the smallest
difference value is found between grid size of 112×112×112
and 102×102×102 nodes, when it is equated at 0.3% of the
average heat transfer number, and 0.04 of Umax. The grid
corresponding to 102×102×102 nodes is therefore adopted for
all numerical simulations; in order to optimize the time and the
cost of computations.

(13)

4. NUMERICAL METHOD AND CODE VALIDATION

The governing equations (1) to equation (5), with the
associated boundary conditions, are discretized by the finitevolume method [7]. The numerical procedure which has been
used is SIMPLER algorithm, described in Patankar [7], to
determine the pressure-velocity coupling in the momentum and
continuity equations. The discretized algebraic equations were
iteratively solved with the use of the line-by-line diagonal
matrix algorithm TDMA.
Code validation has been checked with the numerical results
of Sezai et al.[5], where they have used the single discrete heat
flush-source mounted on the bottom of the rectangular
enclosure. As seen, the comparison of computations of the local
Nusselt number is illustrated in figure (2). Results undertaken
are in quite approach and give good agreement with those
obtained by them for adiabatic side walls at Ra= 103 and 104,
and for dimensionless aspect ratios ax = 1 and Az = 4.

TABLE (1) RESULTS OF GRID TESTS FOR Ra = 5×103

Grid size

82×82×82

U max (mm/s)

14.787

14.802

14.836

V max (mm/s)

22.698

22.690

22.693

W max (mm/s)

15.668

15.697

15.669

1.329

1.124

1.096

Nu avg

102×102×102 112×112×112

6. RESULTS AND DISCUSSION

In this section, we study the effect of the aspect ratios of
components on the laminar fluid flow comportments at (Ra =
105), cooling of two discrete heated blocks mounted on the
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bottom wall of an horizontal enclosure. Parameters effects of
the problem have been made according to the following ranges;
aspect ratios of components in x-directions Ax (12.7 mm - 25.4
mm), and in z-directions Az (12.7 mm - 38.1 mm).
Figures 3 (a, b) display the distribution of the V-velocity
component projected on the x-y plane at z = 20 mm, and Ra =
105, for different values of aspect ratios in –x, and –z direction.
It is shown that the velocity decreases with the increasing of the
aspect ratio. Also the maximum values are detected in the
middle zone induced into a circular form above the heated
source, figure (3-a). It suggest, that is depending of the behavior
of the boundary layer, which is appeared on the edges of the
components accompanied with enhancement on the heat
transfer, figure (4-a), whereas, the ascending flow increases at
the center and distorts the isotherms field, provoking the bad
cooling, which explains the acute form of the generated
buoyancy force. The increasing of the aspect ratio leads to
expand the zone of buoyant driven flow which has two velocity
peaks confined at narrow sections at Z = 20 mm, figure (3-b).
As result of the improper cooling that appeared into contours
form at the center region of component, figure (4-b), also the
heat transfer is better on –z direction than –x direction.

(a)

(b)
FIGURE (4): LOCAL HEAT TRANSFER AT NORTH FACE
OF COMPONENT FOR DIFFERENT VALUES OF ASPECTS
RATIOS AT Ra = 105: (a) Ax = l (mm), Az = ws (mm), (b) Ax = 2 ×l
(mm), Az = 3 ×ws (mm).

(a)

Figure (5) shows that the variation of average heat transfer
(Nu avg ) for various aspect ratios at –x direction in terms of
aspect ratio in –z direction for Ra = 105, it is found that the
average heat transfer decreases with the increase of the aspect
ratio for both cases; in the x direction, in the z direction, or both
at the same time. However, this result return to the behavior of
the average heat transfer at each face of component, illustrated
on tables (2-4), which show that increasing the aspect ratio in
the -x direction (Ax) leads to decrease the heat transfer on the
West1 and East2 faces for both components, perhaps it is due
to the rapprochement to the walls of the enclosure (effect of
boundary conditions), but the influence of the aspect ratio in –z
direction (Az) on both faces is not sensitive. Increasing the
aspect ratio (Az) leads to decrease the average heat transfer on
the front and back faces of each component also due to the
rapprochement of these two faces to the walls of the enclosure

(b)
FIGURE (3): PROJECTION OF THE VERTICAL
VELOCITY COMPONENT V ON THE X-Y PLAN AT Z = 20
(mm), AND Ra = 105, FOR DIFFERENT VALUES OF ASPECT
RATIOS; (a) Ax = l (mm), Az = ws (mm), Vmax = 159 (mm/s), (b)
Ax = 2 ×l (mm), Az = 3 ×ws (mm), Vmax = 132 (mm/s)

105

TABLE(3): AVERAGE NUSSELT NUMBER IN EACH FACE OF
HEAT SOURCE (Nu avg ) FOR DIFFERENT ASPECT RATIO
(Az) AT Ra = 105, AND Ax 2 = (3/2) ×l mm

(effect of boundary conditions), but the influence of aspect ratio
(Ax) on both faces (front and back) is very low. The heat
transfer produced onto the North faces of the components
depends to the two aspect ratios due to the presence of the
buoyant force which takes part on these faces as explained
before.

Az 1 = ws
=12.7mm
Az 2 =
(3/2) ×ws
Az 3 =
2 ×ws
Az 4 =
(5/2) ×ws
Az 5 =
3 ×ws

West
(1)

Front
(1)

North
(1)

Back
(1)

East
(1)

2.851

3.265

1.160

3.275

1.961

2.831

2.799

1.097

2.729

2.759

1.051

2.790

1.855

2.702

2.548

1.013

2.546

1.790

2.675

2.454

0.976

2.4454

1.713

2.799

1.907

TABLE(4): AVERAGE NUSSELT NUMBER IN EACH FACE OF
HEAT SOURCE (Nu avg ) FOR DIFFERENT ASPECT RATIO
(Az) AT Ra = 105, AND Ax 3 = 2 ×l mm

Az 1 = ws
=12.7mm
Az 2 =
(3/2) ×ws
Az 3 =
2 ×ws
Az 4 =
(5/2) ×ws
Az 5 =
3 ×ws

FIGURE (5): VARIATION OF AVERAGE NUSSELT
NUMBER RATIO (Nuavg) FOR DIFFERENT VALUES OF
ASPECT RATIO IN –X DIRECTION (Ax) IN TERMS OF
ASPECT RATIO IN –Z DIRECTION (Az) FOR Ra = 105

TABLE (2): AVERAGE NUSSELT NUMBER IN EACH FACE
OF HEAT SOURCE (Nu avg ) FOR DIFFERENT ASPECT RATIO
(Az) AT Ra = 105, AND Ax 1 = l =12.7mm

Az 1 = ws
=12.7mm
Az 2 =
(3/2) ×ws
Az 3 =
2 ×ws
Az 4 =
(5/2) ×ws
Az 5 =
3 ×ws

West
(1)

Front
(1)

North
(1)

Back
(1)

East
(1)

3.718

3.363

1.216

3.363

2.614

3.627

2.881

1.154

3.548

2.784

1.104

2.746

2.411

3.521

2.592

1.089

2.592

2.370

3.254

2.490

1.017

2.881

2.495

West
(1)

Front
(1)

North
(1)

Back
(1)

East
(1)

2.106

3.139

1.132

3.284

1.690

2.079

2.754

1.071

1.932

2.739

1.010

2.763

1.658

1.925

2.488

0.984

2.482

1.636

1.9553

2.433

0.943

2.754

2.433

1.679

1.677

7. CONCLUSION

A numerical simulation of three-dimensional natural
convection air-cooling of two heated blocks has been carried
out in dimensional form. The finite volume method has been
used to solve the mathematical model. We have demonstrated
the influence of the aspect ratio in x-, and –z direction on the
fluid flow and heat transfer. It was found a strong relationship
between heat transfers, buoyant flow and the boundary layer for
each variation of these parameters. However, the buoyant flow
manifest with the decreasing of the boundary layers, where the
improper cooling occurs, and vice versa. Increasing the aspect
ratio in -x direction (Ax), only influx on the heat transfer at face
West1 and face East2 where play the potential role to reduce the
average heat transfer of components. For the aspect ratio effect
in –z direction, only influx on the heat transfer at front and back
faces which are responsible to reduce the average heat transfer
of components.

2.538

2.353

106

walls,” International Journal of Heat and Fluid Flow, 33,
131-146,2012
[2] P. Alam, A. Kumar, S. Kapoor and S.R. Ansari, “Numerical
investigation of natural convection in a rectangular
enclosure due to partial heating and cooling at vertical
walls,” Communications in Nonlinear Science and
Numerical Simulation, 17, 2403-2414, 2012.
[3] Qi-Hong Deng, “Fluid flow and heat transfer characteristics
of natural convection in square cavities due to discrete
source–sink pairs,” International Journal of Heat and Mass
Transfer, 51, 5949-5957, 2008.
[4] H. S. Yoon, J. H. Jung and Y. G. Park, “Natural Convection
in a Square Enclosure with Two Horizontal Cylinders”,
Numerical Heat Transfer, Part A, 62, 701-721, 2012.
[5] I. Sezai and A. A. Mohamad, “Natural Convection from a
Discrete Heat Source on the Bottom of a Horizontal
Enclosure,” International journal of Heat and Mass
Transfer, 43, 2257-2266, 2000.
[6] P. H. Oosthuizen and J.T. Paul, “Natural Convection in a
Rectangular Enclosure with Two Heated Sections on the
Lower Surface,” International journal of heat and Fluid
Flow, 26, 587-596, 2005.
[7] S. V. Patankar, “Numerical Heat Transfer and Fluid Flow,”
McGraw-Hill Book Company, New York, USA, 1980.

NOMENCLATURE

Lx
H
Lz
h
l
Ws
A
d
T
Th
Tc
p
x,y,z
u,v,w
Ax,Az
Cp
k
h conv
g

Length of the enclosure in x-direction, [mm]
Height of the enclosure in y-direction, [mm]
Width of the enclosure in z-direction, [mm]
Height of each blocks, [mm]
Length of each blocks, [mm]
Width of each blocks, [mm]
Surface of component, [mm²]
Dimensional spacing between two heated blocks,
[mm]
Temperature, [C°]
Hot temperature, [C°]
Cold temperature, [C°]
Pressure, [N.m-1]
Cartesian coordinates, [mm]
Cartesian velocities, [m.s-1]
Aspect ratios in x-, and z- directions of heated
blocks [mm]
Specific heat capacity at constant pressure,
[J/Kg.k]
Thermal conductivity, [W/(m.k)]
Heat transfer coefficient, [W/(m².k)]
Gravity, [m/s²]

μ
Δτ

Greek symbols
Mass density, [kg/m3]
Coefficient of thermal expansion at constant
pressure, [k-1]
Dynamic viscosity, [kg/m.s]
Time step, [s]

Ra
Nu
Nu avg
Pr

Dimensionless Numbers
Rayleigh number, (=g β (Th-Tc) H3/να)
Local Nusselt number, (=h conv H/k)
Average Nusselt number
Prandtl number, (=ν/α)

ρ
β

REFERENCES
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identify physical characteristics such as impact resistance,
resistance to sudden temperature changes and the ability of their
resistance to corrosion by corrosive agents contained in the slag.
Therefore, the aim of this work is to determine what kind of
bricks from those currently used for lining of steel ladles is the
most efficient.

ABSTRACT
It is known that the equipment of steel plant are working in
harsh conditions, so to protect them, all are coated with a
refractory lining whose choice is based on specific conditions to
each
plant.
It is also known that a bad quality of bricks causes
premature discontinuation of facilities. This, has a negative
impact
on
productivity
of
the
steelworks.
The aim of this work is improving the life of refractory
brickwork of casting ladle of basic oxygen steelmaking No. 1
Arcelor-Mittal which uses for lining the ladles the pure alumina
bricks (86% Al 2 O 3 ) for the upper (in contact with the slag) and
the background and the lower walls of bricks made of alumina
(36
to
39%)
and
silica
(SiO 2 ≤60%).
The performances of this lining are 29.07casts per year on
average but with 5.6% of campaigns that have made between 12
and 19 casts this is very low and caused a lot of stops.
To reduce these premature wear, we have recommended for
lining, the bricks of high alumina content for the top of ladles
and bricks in zirconia- silica (SiO 2 55% and 35% ZrO 2 ) for the
rest. This gave better results since we have been able to achieve
17 campaigns with an average of 39- 40 casts. But the most
important thing to note is that, for about 80% of the campaigns,
we have achieved between 35 and 47mergers in average with a
max of 54 casts, the shorter campaigns have been 24 mergers
(5,90%).
Thus, the use of zirconia bricks in has improved the life of
the ladle of about 18 casts per campaign. This has resulted in
increasing the productivity of the steel plant.

REVIEW
The natural materials used in the production of refractory are
silica, dolomite, magnesia, zircon and clays. The manufacturing
processes for refractory materials are generally based on the
same principle which usually involves the following steps.
• The preparation of the raw material that consists of a
mechanical
processing
(crushing
and
screening).
• Preparation of mixtures: to improve the quality of refractories,
it is necessary to proceed with the introduction of several types
of
natural
material
and
the
binder.
• Processing: the mixture is pressed and molded into molds
whose shape depends on the future use of the product.
• Drying: the optimal conditions for drying should be performed
in accordance with the percentage of water to eliminate.
• Cooking: allows, in addition to the complete elimination of the
volatile chemical constituents, to get the final composition and
texture desired of the materials. When cooking, the allotropic
transformation,
sintering
and
crystallization,
occur
simultaneously. This results in a hardening and a greater
consistency of the material.
. Refractory products are subjected, when they are used, to
working in hard conditions. It can be defined as a material that
withstands high temperatures. In addition, it must have good
resistance to corrosion by an aggressive slag and high capacity
to resist, to extreme variations in temperature and mechanical
stress
To classify refractory materials according to their performance,
various tests are performed in laboratories according to universal
standards.
In addition, in our study, controls are systematically made on all
products. The control procedure includes: a visual inspection of
packaging, materials quality and handling, and finally the place
and the manner of storage.
After, we control the product itself to detect different defects
such as cracks, crumbling and the amount of iron spikes..... etc..

INTRODUCTION
The poor quality of bricks is a major cause of stops of the
steel plant. Indeed, the wear of refractory materials causes lack
of steel ladle which results in the stoppage of the entire chain of
work...
In general, the poor quality of the bricks can be caused by the
presence of impurities in the raw material or defects occurred
during the production cycle. .
So to avoid a stoppage premature of equipments, bricks,
must undergo, before use of physical and chemical tests to
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In conclusion we can say that the bricks must have the highest
quality to overcome the harsh conditions of work.

bottom bricks of the walls by andalusite, richer in alumina
(60%).
CONCLUSION

RESULTS AND DISCUSSION
The results of our study show that the chemical
composition of the bricks used for coatings on steel pocket plays
an important role. However, it is important to note that the best
brick in terms of chemical composition give poor results if the
instructions of the technological processes are not strictly
adhered to this observation may be reinforced by the very
significant differences found between the minimum and
maximum of number of casts.

It has been shown that the best bricks in terms of physical and
chemical properties cannot give excellent performances if their
method of use is not consistent with the technology universally
recommended.
Several parameters can be studied to improve the
performances of refractory linings of ladles. However, for our
research, we found that only the quality of bricks according to
the chemical composition will be particularly studied. To do this,
we proceeded to do the ladles masonry in three variants.
For the three types of masonry, the layer of security are realized
in the same way and with the same type of brick and contain 3639% of Al 2 O 3 . The working layer was performed using the
following methods:
For the first type (shown in Figure 1) we have placed bricks
with high alumina content (about 80% Al 2 O 3 ) in the highest part
of the walls ie one that is more in touch with the slag. While it
has taken the middle and bottom walls with bricks of low
alumina content 36 à 39% of Al 2 O 3.
For the second type (Figure 2) we have kept the same
configuration for the high and bottom but we preferred to change
the middle of the wall by bricks silice-zirconia (35 to 45 % SiZr).
For the third type (Figure 3) we have kept the same bricks to
the high and middle of the walls we changed those forming the
lowest part of the walls of brick known as andalusite and having
about 60% Al 2 O 3
For our study we assume that all steel ladles are working
under similar conditions and suffer the same constraints.
The tests were spread over a period of three months. Each steel
ladle was the subject of a systematic and careful after each
casting to observe the evolution of wear of bricks. Thus it was
observed that the wear is much faster on the top of the ladle
because of the aggressiveness of the slag.
We consider that a refractory lining is at the end of campaign
when degrees of wear is approximately 80%
The performances achieved by each type of masonry are
given in table 1.
A quick study of table 1 shows clearly that the best
performance was obtained with the masonry N°. 3 with 39,74
casts an average and a maximum of 54 casts and the minimum
33 mergers. Indeed, this can be explained by the fact that the reas
where the aggressiveness of the slag is proven that is the high of
walls where contact with the slag is present when the ladle is still
full and down when it is empty and steelmakers are slow to
remove
the
slag
at
the
end
of
casting.
But still we see an improvement in coatings with the required
change to the surrounding masonry walls of bricks with low
alumina zirconia bricks (from 36.75 to 37.05 casts). In addition,
the improvement becomes more important with the change of
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High
alumina
80% Al2O3
Low content
in alumina
36% to 39%
Al2O3
Low content
in alumina
36% to 39%
Al2O3

Fig.1
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First type of masonry

High
alumina
80% Al2O3

High alumina
Al2O3 72% to
80% Al2O3

Silice,Ziconia 35%
to 45% SiZr

Silice,Ziconia
35to 45%
si-zr

Low content
in alumina
36% to 39%
Al2O3

Andalousite
60% Al2O3

Fig. 3

Fig.2 Second type of masonry

third type of masonry

Table 1. Results of experimentation
1 * Shield
2 * First Security Layer (P40)
3 * Second Layer Security (NF2)
4 * working layer
5 * cover concrete
6 * Gasket

Masonr
y Fig 1
Masonr
y Fig 2
Masonr
y Fig 3
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Number
of
campaig
n

Number
cumulativ
e of flow

Minimu
m
(cast)by
campaign

Maximu
m
(cast)by
campaign

1947

Average
(cast)
by
campaig
n
37,73

53

21

45

37

1370

38,05

24

47

49

1898

39,74

33

54
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ABSTRACT

Modeling of self-regenerated vibrations: Linear stability
analysis.
The elaboration of the theory of regeneration machined
surface in the 1950s. By Tobias [4], Tlusty effect [3] studied the
phenomena of auto regenerated vibrations for the case of
orthogonal cutting with only one degree of freedom. They have
come up with the theory of stability lobes, the latter allows for a
given speed of rotation of the edge length of predicting engaged
from which to vibrations are going to trigger. The application of
this theory to the orthogonal milling (with a tool without helix
angle) appears at the end of 1960[5] A linearized model and
simple is constructed in which the workpiece is assumed to be
rigid and the tool is assimilated to a spring mass system in which
the modes are decoupled.

Auto regenerated vibration machining is a phenomenon that
affects negatively the surface of the work pieces. This
phenomenon known as chatter, has been widely approached by
these various linear and nonlinear methods. Although the theory
of the regeneration of surface and linear models with a delay time
is the most answered regarding the origin of these excitations
explanation regardless of nonlinear effects. The nonlinear
behavior of this phenomenon is characterized by cyclic periods
where the tool leaves the material of the parts and other periods
when the tool penetrates into the material with a slight time
delay. At the end of this article, it could be said that linear
analysis sufficient to define the essential parameters of the
stability of the machining, but the analysis of nonlinear cycles
allows us to improve the quality and productivity cycles called
unstable.
INTRODUCTION
Chatter has been identified as degrading phenomenon of the
machined surface and limiting productivity. According
V.
Moreau[1] Taylor[1] in 1907 evoked chatter machining as one
of the most delicate problems to study. In trying to understand
the phenomenon of chatter Zhao and Balachandran[2]
recognized evoke the origins of these vibrations which are cited
the most essential:
• The variation of the friction force on the sliding of the
chip and the tool cutting tool the piece;
• irregular work hardening of the layer abducted along
the thickness;
Chatter has been subject in several searches, including Arnold in
1946, Tlusty[3] and Tobias in 1965 [4]. The goal was to
understand this phenomenon and develop methods for
prediction.

Fig 1: Representation of orthogonal cutting[6]

The differential equation that characterizes the motion of the
system is given by:
1
(1)
𝑦𝑦̈ + 2𝜉𝜉𝜔𝜔𝑐𝑐 𝑦𝑦̇ + 𝜔𝜔𝑐𝑐2 𝑦𝑦 = Δ𝐹𝐹
𝑚𝑚
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With y(t) the displacement of the tool tip, 𝝎𝝎𝒏𝒏 , 𝒌𝒌 and 𝝃𝝃 define
the modal parameters of the system we can find them by
experimental testing.
According to the theory of the regeneration, the chip
thickness is given by:
(2)
ℎ(𝑡𝑡) = ℎ0 + �𝑦𝑦(𝑡𝑡) − 𝑦𝑦(𝑡𝑡 − 𝑇𝑇)�
Where 𝒉𝒉𝟎𝟎 is the average chip thickness (𝑦𝑦(𝑡𝑡) − 𝑦𝑦(𝑡𝑡 − 𝑇𝑇))
is the complement of between the current and the displacement
thickness of the corrugation of the free surface caused the
previous pass, where T is the period of cutting. Using the
expression cutting forces along the lines of Merchant [7] the
equation of motion(1) becomes:
1
𝑦𝑦̈ + 2𝜉𝜉𝜔𝜔𝑐𝑐 𝑦𝑦̇ + 𝜔𝜔𝑐𝑐2 𝑦𝑦 =
𝐾𝐾 𝑏𝑏ℎ(𝑡𝑡) (3)
𝑚𝑚 𝑓𝑓
Where b widths chip, K f coefficient cutting. The stability of
the differential equation of motion (3) was studied by Altintas in
[8] using the frequency domain, the real and imaginary part of
the transfer function is:
1

ℜ((𝑖𝑖𝜔𝜔𝑐𝑐 )) = �

1−𝑑𝑑 2

𝑘𝑘 (1−𝑑𝑑 2 )2 +4𝜉𝜉 2 𝑑𝑑 2
1
−2𝜉𝜉𝜉𝜉

ℑ�(𝑖𝑖𝜔𝜔𝑐𝑐 )� = �(1−𝑑𝑑2)2
𝑘𝑘

+4𝜉𝜉 2 𝑑𝑑 2

�

�

𝑁𝑁𝑐𝑐 =

2𝜋𝜋𝜔𝜔𝑐𝑐

𝜋𝜋(2𝑛𝑛+3)+𝜀𝜀+2 tan−1

sin 𝜔𝜔𝑐𝑐 𝑇𝑇
cos(𝜔𝜔𝑐𝑐 𝑇𝑇)−1

(7)

Budak in his model[10] profile milling with two degrees of
freedom has taken into account the non-linearity due to the loss
of contact between
two teeth which follow the tool by using to a step function,
which takes the value 1 in case of cutting and 0 otherwise.

(4)
Fig.3: profile milling with two degrees freedoms

(5)

The characteristic equation of the system is obtained by
considering a pure imaginary root as a condition of critical
stability is to say𝝎𝝎𝒄𝒄 = 𝝎𝝎𝑶𝑶 . Finally, the system performs a
machining operation without chatter when cutting depth is less
than the critical depth is given by [8]:
𝟏𝟏
𝒃𝒃𝒄𝒄𝒄𝒄 = −
(6)
))

The equations of motion according to the axes x and y are
given according to the cutting forces by:
𝑥𝑥̈ + 2𝜉𝜉𝜔𝜔𝑐𝑐 𝑥𝑥̇ + 𝜔𝜔𝑐𝑐2 𝑥𝑥 =

𝑦𝑦̈ + 2𝜉𝜉𝜔𝜔𝑐𝑐 𝑦𝑦̇ + 𝜔𝜔𝑐𝑐2 𝑦𝑦 =

𝟐𝟐𝑲𝑲𝒇𝒇 ℜ((𝑖𝑖𝜔𝜔𝑐𝑐

1

𝑚𝑚𝑥𝑥

1

𝑚𝑚𝑦𝑦

∑𝑁𝑁−1
𝑗𝑗=0 𝐹𝐹𝑥𝑥𝑥𝑥

(8)

∑𝑁𝑁−1
𝑗𝑗=0 𝐹𝐹𝑦𝑦𝑦𝑦

The radial and tangential forces applied by tooth j are given
by[11] :
𝐹𝐹𝑡𝑡𝑡𝑡 (𝜙𝜙) = 𝐾𝐾𝑡𝑡 𝑏𝑏ℎ𝑗𝑗 (𝜙𝜙)
(9)
𝐹𝐹𝑟𝑟𝑟𝑟 (𝜙𝜙) = 𝐾𝐾𝑟𝑟 𝐹𝐹𝑡𝑡𝑡𝑡 (𝜙𝜙)
(10)

With 𝑲𝑲𝒕𝒕 and 𝑲𝑲𝒓𝒓 coefficients tangential and radial sectional, and
𝝓𝝓 the angle of immersion. Projection efforts cuts on x and y axes
give:
𝛽𝛽𝑥𝑥𝑥𝑥 𝛽𝛽𝑥𝑥𝑥𝑥 Δx
𝐹𝐹𝑥𝑥
1
�𝐹𝐹 � = 𝑏𝑏𝐾𝐾𝑡𝑡 �
�� �
(11)
2
𝛽𝛽𝑦𝑦𝑦𝑦 𝛽𝛽𝑦𝑦𝑦𝑦 Δy
𝑦𝑦
The directional coefficients are given by:
1
𝜙𝜙
𝛽𝛽𝑥𝑥𝑥𝑥 = [cos 2𝜙𝜙 − 2𝑘𝑘𝑟𝑟 𝜙𝜙 + 𝑘𝑘𝑟𝑟 sin 2𝜙𝜙]𝜙𝜙𝑒𝑒𝑒𝑒
𝑠𝑠𝑠𝑠
2
1
𝜙𝜙
𝛽𝛽𝑥𝑥𝑥𝑥 = [− sin 2𝜙𝜙 − 2𝜙𝜙 + 𝑘𝑘𝑟𝑟 cos 2𝜙𝜙]𝜙𝜙𝑒𝑒𝑒𝑒
𝑠𝑠𝑠𝑠
2
1
𝜙𝜙𝑒𝑒𝑒𝑒
[−
sin
2𝜙𝜙
+
2𝜙𝜙
+
𝑘𝑘
𝛽𝛽𝑦𝑦𝑦𝑦 =
𝑟𝑟 cos 2𝜙𝜙]𝜙𝜙𝑠𝑠𝑠𝑠
2
1
𝜙𝜙
𝛽𝛽𝑦𝑦𝑦𝑦 = [− cos 2𝜙𝜙 − 2𝑘𝑘𝑟𝑟 𝜙𝜙 − 𝑘𝑘𝑟𝑟 sin 2𝜙𝜙]𝜙𝜙𝑒𝑒𝑒𝑒
𝑠𝑠𝑠𝑠
2

Fig. 2: Real part of the transfer function

From equations (4) and (5) it can be seen that the minimum
cutting depth is obtained when the real part ℜ�(𝑖𝑖𝜔𝜔𝑐𝑐 )� is minimal.
According to Figure 2, the real part increases slowly when the
ratio of frequencies tends to 1to from the left and reaches a
maximum in the vicinity of d = 1 and then decreases
considerably cuts the vertical axis until it reaches the minimum
after that it starts to grow slowly and asymptotically to the
horizontal axis. Thus, the critical frequency of vibration can be
calculated by assuming a frequency ratio of between 0.95 and
1.15.
The critical speed corresponding to the depth of cut is
critical given[9] by:

(12)

With: 𝝓𝝓 Angle of the tool into the material the course of
machining, 𝝓𝝓𝒆𝒆𝒆𝒆 exit angle and 𝝓𝝓𝒔𝒔𝒔𝒔 entry angle tool material.

112

system used are obtained by impact tests recorded on of the Work
of Vela-Martinez et al [12], the coefficient of the cut is chosen.
according to the material of the workpiece and the tool is
considered to be a cylinder of diameter chosen based on its
immersion in the workpiece of the system modal parameters
have been estimated as a result: monobloc milling cutter
two teeth in HSS,𝜔𝜔𝑐𝑐 = 402.83 𝐻𝐻𝐻𝐻 , 𝜉𝜉 = 7.58% ,
𝐾𝐾 = 2912685.27𝑁𝑁/𝑚𝑚, 𝐾𝐾𝑡𝑡 = 6.0 ∗ 108 𝑁𝑁/𝑚𝑚2
28T

Fig. 4: Angles of the tool

The directional coefficients depend on the angular position of the
cutting tool, which makes the equation (11) variable in the time.
1
{𝐹𝐹(𝑡𝑡)} = 𝑏𝑏𝐾𝐾𝑡𝑡 [𝐵𝐵(𝑡𝑡)]{Δ𝑡𝑡}
(13)
2
𝐵𝐵(𝑡𝑡) Is a periodic function, therefore decomposable in Fourier
series:
𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖
𝐵𝐵(𝑡𝑡) = ∑∞
𝑟𝑟=−∞[𝐵𝐵𝑟𝑟 ]𝑒𝑒
1

(14)

𝑇𝑇

With :
𝐵𝐵𝑟𝑟 = ∫0 𝐵𝐵(𝑡𝑡) 𝑒𝑒 −𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑑𝑑𝑑𝑑
𝑇𝑇
The solution can be found numerically by keeping only the first
term of the Fourier series.
From this assumption Altintas and Budak [8] have shown that
the higher harmonics do not affect the accuracy of the prediction.
1 𝑇𝑇
[𝐵𝐵0 ] = ∫0 [𝐵𝐵(𝑡𝑡)] 𝑑𝑑𝑑𝑑
(15)
𝑇𝑇
As all terms [𝐵𝐵(𝑡𝑡)] are calculated in a domain of angular cutting
that is to say the angle of the cutting must be between the
entrance angle 𝜙𝜙𝑒𝑒𝑒𝑒 and the output angle 𝜙𝜙𝑠𝑠𝑠𝑠 . Equation (5)
becomes in the angular range:

Fig. 5: influence of immersion coefficient
on system stability

The stability diagram of Figure (6) is constructed using equations
(6) and (7) or the frequency of the vibrations is close to natural
frequency of the system. In these diagrams also shows the
influence of radial immersion of the tool in Exhibit depth. To
validate this study we have compared with the work of L.VelaMartinez[12], the stability diagram found using the same method
with different values of a / D are graphs very similar and the area
of stability for the same parameters is the same.

𝛽𝛽𝑥𝑥𝑥𝑥 𝛽𝛽𝑥𝑥𝑥𝑥
�
(16)
𝛽𝛽𝑦𝑦𝑦𝑦 𝛽𝛽𝑦𝑦𝑦𝑦
Equation (11) becomes:
1
{𝐹𝐹(𝑡𝑡)} = 𝑏𝑏𝐾𝐾𝑡𝑡 [𝐵𝐵0 ]{Δ𝑡𝑡}
(17)
2
To determine the stability lobes is passed through the frequency
domain and the proper value of the characteristic equation of
limited depth and cutting data are [11]:
𝒁𝒁
𝚲𝚲 = − 𝒃𝒃𝑲𝑲𝒕𝒕 [𝟏𝟏 − 𝒆𝒆−𝒊𝒊𝝎𝝎𝒄𝒄 𝒕𝒕 ]
(18)
[𝐵𝐵0 ] =

�

𝟒𝟒𝟒𝟒
𝟐𝟐𝟐𝟐𝟐𝟐(𝚲𝚲)

𝒃𝒃𝒍𝒍𝒍𝒍𝒍𝒍 = −

With : 𝑲𝑲 =

𝑍𝑍

2𝜋𝜋

𝐬𝐬𝐬𝐬𝐬𝐬 𝝎𝝎𝒄𝒄 𝑻𝑻

(𝟏𝟏−𝐜𝐜𝐜𝐜𝐜𝐜 𝝎𝝎𝒄𝒄 )

𝒁𝒁𝑲𝑲𝒕𝒕

28T

𝟐𝟐

(𝟏𝟏 + 𝑲𝑲 )

(19)

28T

The rotation speed is calculated correspondingly from the phase
𝝍𝝍 eigenvalue 𝚲𝚲 ∶
𝝅𝝅
𝝎𝝎 𝑻𝑻
𝑲𝑲 = 𝐭𝐭𝐭𝐭𝐭𝐭 𝝍𝝍 = 𝐭𝐭𝐭𝐭𝐭𝐭( − 𝒄𝒄 ) (20)
28T

𝝅𝝅

𝝎𝝎𝒄𝒄 𝑻𝑻

Where: 𝝍𝝍 = −
+ 𝒌𝒌𝒌𝒌
𝟐𝟐
𝟐𝟐
With: 𝝎𝝎𝒄𝒄 𝑻𝑻 = 𝜺𝜺 + 𝟐𝟐𝟐𝟐𝟐𝟐
Are obtained:
𝟔𝟔𝟔𝟔𝝎𝝎𝒄𝒄
𝑵𝑵 =

𝟐𝟐

𝒁𝒁((𝟐𝟐𝟐𝟐+𝟏𝟏)𝝅𝝅−𝟐𝟐𝟐𝟐)

𝟐𝟐

28T

28T

(21)

By using the computer code Matlab we plot the stability lobes
for 2ddl system for the case of profile milling with different ratio
radial immersion. The dynamic parameters of the machining
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4.
5.

6.

7.

8.

9.

10.

11.

Fig. 6 diagramme de stabilité[12]

Conclusion:

12.

Chatter is a phenomenon closely related to the dynamic
characteristics of the system machining. In the present work, the
system stability is studied only for the linear case, that is to say,
the contact is continuous cutter tool, as is the case of immersion
of the high profile milling tool.
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ABSTRACT

[9, 10], solid state reaction, oxidation of liquid quenched
precursor alloys, and matrix reaction. Each of these techniques
has limitations and problems associated with the actual process
and the quality of the material produced. Bismuth powders were
prepared by solid-state reaction at high calcinations
temperatures over 860°, which many process to reduce particle
size generally nonhomogenous mixtures to a microscopic scale,
contrary to the solid state reaction, sol-gel colloid solution
combustion synthesis, the process synthesis on high-purity multi
compoument and it involves a low temperature initiated
combustion process which is found to save for the preparation
of very fine and homogeneous powders.
Various types of ceramics were prepared by sol-gel processes
and it is well known that this method has the potential for
obtaining pure and homogeneous products in a shorter reaction
time and at a lower reaction temperature [11]. This process goes
through a liquid-phase polymerization reaction to form a
homogeneous intermediate. After a series of drying and
calcinations processes, this liquid-phase intermediate can form a
prophase thad leads to the formation of the final ceramic
products. A fine crystalline ceramic might be obtainable by this
process and it is used in the present experiment for the
preparation of fine crystalline 2212.
[12-15] In general, the sol-gel using organometallic compound
has advantage in the preparation of homogeneous ceramic
materials because the precursors consist of small particles that
exhibit a very high chemical activity and they are sintered easily

Superconducting Bi 2 Sr 2 Ca 1-x Ti x Cu 2 O 8 ceramics samples
have been prepared by Sol-Gel methods; (using citrate
process).The influences of the preparation conditions of
compound oxide powder on structural and superconducting
properties have been investigated by x ray diffraction (XRD),
Scanning Electron Microscopy (SEM) equipped with EDS.The
critical transition temperatures T c have been determined by
resistivity versus temperature measurements. Cell parameters
samples were calculated from XRD patterns. The polyacrylamid
gel makes the citrate process easier, more rapid and affords the
possibility of synthesis of high quality oxide powders.
INTRODUCTION
.
The Bi-based superconductor system actually consists of
three different superconducting phases with very similar crystal
structures. The general chemical formula for these phases can
be written as Bi 2 Sr 2 Ca n-1 Cu n O 4+2n , with n=1, 2, 3
corresponding to the 22K (2201 phase), 80K (2212 phase; low
T c phase) and 110K (2223 phase; high T c phase)
respectively[1,2].
In order to study the behavior of the Bi2212 cuprate, there is a
many methods for synthesis high T C bismuth, such as, sol-gel
process [3-6], co-precipitation method [7, 8], citrate gel process
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into the oxide at relatively low firing temperatures. It procedure
use a specific gelling reagent, the approach is as follows : first
prepare the gel from a homogeneous solution, which can then
be decomposed to the oxides under mild thermal conditions,
these oxides react to form the ceramic.
In this paper, we prepared the phase Bi2Sr2Ca 1-x Ti x Cu 2 O 8
superconductor by sol-gel method, and study the Ti substitution
for Ca will be discussed through the paper, the doping of Ti
into Ca will change the transition temperature with
concentration of Ti. Bismuth, strontium, calcium and copper
nitrates were dissolved in distilled water in a stoichiometric
ratio. Ti powder dissolved in nitric acid was added to the Bi
solution. A solution of triammonium citrate with a concentration
of 2 mol/Kg, was prepared by reacting citric acid with
ammonia solution. The organic gels were made with acrylamide
CH2=CHCONH2 and N, N methylene diacrylamide
CH2=CHCONHCH2NHCOCH=CH2 was added in order to
complex the Bi, Ca, Sr and Cu cations. The obtained solution
was mixed, stirred and heated at 80°-90°C with a magnetic
stirrer on a hot plate. Few drops of a solution of AIBN in
acetone were added to accelerate the formation of the gel. This
later is transformed to Bi2212 powder after heating at 400°C
for 2h and 6h at 700°C, respectively. The obtained powder is
ground in an agate mortar and calcined during 12h at 860°C
reached with a rate of 5°C/min. After calcinations, the samples
were ground again, and then pelletized under a pressure of
300MPa.The pellets were then sintered during 12h at 860°C
reached with a rate of 5°C/min.
Samples are noted as Ti0, Ti 0025, Ti0050, Ti0075 and Ti 010,
where the number following Ti indicates the values of the rate x
of Ti. The formation of the Bi-2212 phase was analyzed by
XRD with Cukα radiation in the range 2θ=7-50°.
Microstructural and surface morphology of the samples were
investigated using scanning electron microscopy (SEM, JEOL
6390-LV). The resistivity was measured for all samples in the
temperature range 10K to 150K using a standard DC four-probe
technique with a constant current of 5 mA. The current contacts
and voltage were made with a silver paste. The magnetic field
was applied parallel to the surface of the pellet and
perpendicular to the current flow direction.
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Fig. 1 The XRD patterns for Ti0, Ti 0025, Ti005, Ti0075 and
Ti 010 samples.
Microstructural features were studied using SEM (Figure 2).
The SEM images of all the samples, (Bi2Sr2Ca 1-x Ti x Cu 2 O 8 )
having magnification of ×7000. The grain morphology
shows clear and flaky grains with layered growth, typical of
BSCCO 2212. One can observe that doping with Ti decreases
the size of the grains and the flaky nature of the grains gradually
disappears with decreasing grain size and increasing porosity.

Ti0

Ti0025

RESULTS AND DISCUSSION
The XRD patterns of samples are shown in Figure 1. The
diffraction results show the presence of phase Bi2212 as major
component. The structure of Bi2201 was also detected.
Indexing is done by matching the obtained result with the Janna
2006. The major peaks corresponds to the BSCCO 2212 phase.
Besides these prominent peaks, there are some
additional peaks corresponding to BSCCO-2201 phase, for Ti
doped samples.
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Ti00
resistivity of samples decrease with decreasing temperature
until the superconducting transition for undoped sample, it’s
clearly seen that the transition width (Tc-onset – Tc0) increases
with Ti-doping in BSCCO, indicating the doping induced
disorder in the sample. This is in support of the SEM results,
which shows the destruction of flaky nature of BSCCO and
creation of more porosity, on doping with Ti.
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Fig. 2 SEM images of the samples Ti0, Ti 0025, Ti005, Ti0075
and Ti 010.
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The electrical resistivity was measured using the standard fourprobe dc technique, in the temperature range between 10 and
150 K. Fig. 3 shows the resistivity versus temperature of pure
Ti0 and Ti 0025, Ti005, Ti0075, Ti 010 doped samples. The ρ
– T curves show metallic behaviour in the normal state: the
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104, 2490.
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ABSTRACT (MANDATORY HEADER)

that determines the evolution of the life of a model proposed,
which was conducted by a CT75 specimen under the standard
ASTM E647-00 is represented in Figure 1, the material used is
an aluminum alloy 2024-T351.the chemical and mechanical
properties are respectively in table 1 and table 2.

This work is done for the purpose of conducting an
investigation of the different crack repair techniques, identify
influential parameters of each and simulate numerically by
three-dimensional finite element method the phenomenon of
crack propagation delay that provides the best delay, keeping
the same conditions for use with a commercial software Abaqus
6.11. The techniques to be used are those of the literature.
INTRODUCTION
Among the most practical solutions for the repair of
structures is one that consists of replacing all or part of the
damaged area and stick more or less important reinforcements
on the surface of the structure. We may also note that the
bonding external reinforcement is widely used in the repair of
metal structures to stop the spread of a default. Many studies
have been conducted to validate and standardize such repairs
[1], [2], [3], [4].
The work presented in this project is dedicated to the use of
a digital tool that will be used to optimize and configure the
reinforcements used for the repair by single and double
reinforcement cracked structure submitted a fatigue behavior.

Fig.1. "Compact tension" specimen according to ASTM E647

STUDIED MODEL

Si

Fe

Cu

Mn

Mg

Zn

Ti

Cr

Al

0.9

0.22

4.46

0.66

1.5

0.04

0.02

0.01

Remain

Table 1. Chemical composition of AA 2024 T351. [5]

The study and the resolution of this problem will be
treated purely numerical, using the ABAQUS calculates code
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E(MPa)
72000

R

0.2 (MPa)

318

R r (MPa)

A(%)

524

12.8

• Study the influence of the nature of the reinforcement
material used for the case of double reinforcement, and
this by keeping the value of the optimized thickness
determined above.
• Our work is dedicated to the study of the influence of
reinforcement by adjusting its thickness and type of
material on the life of the repaired structure, without
consideration of the effects of the adhesive layer
assumed to be an elastic solid which connect between
the facet repair of the specimen and that of the
reinforcement.

Table 2. Mechanical properties of AA 2024 T351 aluminum
alloy. [5]
The proposed model has a horizontal crack along the
Aluminum cylinder and perpendicular to the length direction of
loading a = 25 mm. This crack is repaired by bonding a metal
reinforcement with the following dimensions:
• Width: Wr = 30 mm;
• Height: Hr = 30 mm;
• Thickness: simple reinforcement er = 1; 1.5 and 2 mm
• Thickness: double reinforcement er = 1; 1.5; 2; 2.5;
2.6; 2.7 and 3 mm
(Er is represented by e on the graphs of the results)
The employee adhesive FM73 with a thickness of 0.2 mm,
shear modulus G = 100 MPa and poisson ration υ = 0.3.
Figure 2 represents the geometric model to study the
specimen cracked and repaired with a single and double
reinforcement.

RESULTS
1. STRUCTURE WITHOUT REPAIRS:
In this part, we will propose the existence of a pre-crack
length a = 19mm (pre-crack of 4mm), and will proceed with the
application of the boundary conditions and loading are defined
above, and after resolution, the results are presented in Figure 3
which shows the evolution of the crack length ‘a’ and lifetime N
and characterizes the history of the behavior of our structure
under the conditions applied.

Longueur de fissure a (mm)

70

sans réparation

60

50

40

30

20

Fig.2. Geometric Model (Single and Double reinforcement).
10
4,0x105

The numerical resolution by Abaqus 6.11, we were able to
determine the K1 stress intensity factors and K2 corresponds to
a progress of crack da = 0.5 mm for the study structures (Figure
2) subject to stress fatigue characterized by cyclic load P = 2 kN
and load ratio R = 0.1. These conditions were applied to the
three scenarios covered by our study:

6,0x105

8,0x105

1,0x106

1,2x106

1,4x106

1,6x106

Nombre de cycle N

Fig.3. Evolution of a as a function of N (without repairs).
2. REPAIRING WITH A SIMPLE REINFORCEMENT.

• Determination of lifetime for the CT75 specimen without
repairs in order to have a history of mechanical behavior
of this structure, and know its manifestation trajectory
during the crack propagation until failure.

This part was developed to have an idea about the evolution
of life depending on the thickness of the reinforcement for the
case of simple building, in remarks that:

• Study the influence of the thickness of reinforcement used
for single and double reinforcement that are of the same
type of material that the specimen to be repaired, with the
optimization of the thickness of the reinforcement in the
case of dual enhancement.

The lifetime improves with increasing thickness of the
reinforcement (Figure 4). In this case, it is limited to three
different thicknesses, just to get an idea about the evolution of
life depending on the thickness of the reinforcement and
compare it with the technique of double butted which is our
object of study.
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2x106

3x106

4x106

5x106

50
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sans réparation
e=1.5mm (simple renfort)
e=1.5mm (double renfort)

20

Nombre de cycles N

10
0

Fig. 4. Evolution of a as a function of N for single
reinforcement.
3. COMPARISON OF
REINFORCEMENT:

SINGLE

AND

2x106

3x106

4x106

5x106

Nombre de cycles N

DOUBLE
Fig.5. Evolution of a as a function of N (e = 1.5 mm).

This part was developed to determine the difference
between repair with single and double reinforcement, with the
results shown in Figures 5, 6 and 7, we remark that double
reinforcement provides a very important gain in terms of
lifetime compared to the simple reinforcement.

70

Longueur de fissure a(mm)

60

We also note the following:
The evolution of lifetime is more important in the case of
double reinforcement.
A significant deformation of the structure to be repaired in
the (Y.Z) for repairing single reinforcement, but this is not the
case for the double reinforcement which gives a good
symmetry.

50

40

30

sans réparation
e=2mm (simple renfort)
e=2mm (double renfort)

20

10
0

The only disadvantage of the double reinforcement repair
method arises on accessibility in the real case of intervention on
both sides of the structure to be repaired to ensure the
installation of reinforcements.

1x106

2x106

3x106

4x106

5x106

Nombre de cycles N

Fig.5. Evolution of a as a function of N (e = 2 mm).
The simple method of reinforcement gives a low yield
compared to double reinforcement, in addition movement
develop in two planes which creates a high K2 stress intensity
factor.

70

60

Longueur de fissure a(mm)

1x106

Optimizing the thickness of the reinforcement for the double
reinforcement:

50

40

The results presented in Figure 8 show the change in the
lifetime depending on the thickness of the reinforcement in the
case of double reinforcement, then be note that the increase in
thickness of the reinforcing positive influence on the gain
lifetime optimized to a value of this magnitude, beyond this
optimum value thickness adversely affects the lifetime and
become a negative setting (Figure 8 and 9).

30

sans réparation
e=1mm (simple renfort)
e=1mm (double renfort)

20

10
0

1x106

2x106

3x106

4x106

5x106

Nombre de cycles N

Fig.5. Evolution of a as a function of N (e = 1 mm).
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The results represent the evolution of the crack length a in
terms of the lifetime N for this phase of the study are presented
in Figure 10.

Therefore our case the optimum value of the backing
thickness in double reinforcement was estimated at the value of
er = 2.6 mm equivalent to N = 5,324,973 cycles.

60

Longueur de fissure a(mm)

It is observed that the reinforcement similar material that
cracked specimen gives better results and a life much improved
compared to the other which are of different natures.

Sans réparation
e=1 mm
e=1.5 mm
e=2 mm
e=2.5 mm
e=2.6 mm
e=2.7 mm
e=3 mm
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Fig. 8.Optimisation of the thickness of the reinforcement for
double reinforcement.
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Fig.10. Evolution of a as a function of N (different materials
double reinforcement).
But, comparing the other reinforcements of different
materials, conclude that changes in the life of the repaired
structure is proportionally improved compared with the rigidity
of the reinforcement.

5000000
1,0

1,5

2,0

2,5

3,0

Epaisseur du renfort

Fig. 9. Number of cycle depending of the thickness of the
reinforcement.
4. INFLUENCE OF REINFORCEMENT MATERIAL
ON THE LIFETIME

Therefore, the use of a reinforcement having a higher
Young's modulus causes increase of shear stresses at the end
and a decrease in the center. Thus the most suitable
reinforcement to be used must be close to that of the structure
rigidity.

In this part, we will study the influence of the reinforcement
material used on the evolution of the lifetime of the repaired
structure. In this framework we will choose three other types of
materials that characterize the reinforcement, so we will offer
two hardest materials that 2024T351, and another less hard
compared to the latter (Table 3).
Module de Coefficient de
Partie

Matériaux

Young

poisson

E (Mpa)

υ

Renfort 1

2024-T351

72000

0.33

Renfort 2

6061

69000

0.33

Renfort 3

2014

74000

0.33

Renfort 4

C 63000

100000

0.3

We also note that the behavior of the whole (structureadhesive-reinforcement) is similar to that due to the effect of the
Young's modulus, except for the case where the structural
material and the reinforcement are of the same nature gives the
best gain in life.
Evolution of da/dn as a function of Delta K:
Figures 11, 12 and 13 respectively show the evolution of the
crack growth rate based Delta K for all numerical calculations
of three cases that are simple repairs reinforcement, double
reinforcement and change of reinforcement materials double
reinforcement.
The curves obtained represent an almost linear progression
in the field of study Delta K, this corresponds to the area of
Paris, is also noted that these curves are almost grouped for

Table 3. Mechanical properties of the studied material
reinforcements.
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each case, which shows that the rate of cracking da / dN varies
proportionally compared to Delta K.
1

sans réparation
2024-T351
6061-T6
CDA630
2014

0,1

da/dN (mm/cycles)

sans réparation
e=1mm
e=1.5mm
e=2mm

0,1

da/dN (mm/cycles)

1

0,01

1E-3

0,01

1E-3

1E-4

1E-4

1E-5
1E-5

1E-6
10

1E-6
100

1000

100

∆Κ (MPa)

1000

∆Κ

Fig. 11. Evolution of da/dn as a function of Delta K (different
material with double reinforcement).

Fig. 11. Evolution of da/dn as a function of Delta K (single
reinforcement).

1

da/dN (mm/cycles)

0,1

0,01

We compare the crack velocity of the initial state of the
structure (without compensation) and her condition after
reinforcement, one finds that this crack repair technique for
reinforcing bonding has proven effective to reduce the speed of
propagation cracks, which resulted in improving the life of the
repaired structures.

Sans réparation
e=1 mm
e=1.5 mm
e=2 mm
e=2.5 mm
e=2.6 mm
e=2.7 mm
e=3 mm

Conclusion

Through the results of simulation and finite element
calculations performed using the calculation code Abaqus 6.11,
we studied the influence of the thickness and natures of the
material used in the repair of cracks double reinforcement and
have determined the evolution of the lifetime of the structure to
be repaired.

1E-3

1E-4

1E-5

1E-6
100

The results enabled us to draw the following conclusions:

1000

∆Κ

Fig. 11. Evolution of da/dn as a function of Delta K (double
reinforcement).
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•

Repair by single or double reinforcement leads to
changes in the life of cracked structures.

•

The double reinforcement is more beneficial than simple
one, more deformations are in a single plane because of
the commitment of both sides of the crack where the
lifetime is multiplied by a coefficient of 3.5 to order,
which represents a significant gain economic side
especially after the emergence and detection of the
defect to be repaired.

•

The proportionality between the thickness of the
reinforcement and the lifetime to an optimum value of
the latter, beyond this value the thickness of
reinforcement becomes a negative setting and negatively
affects the gain of life.

•

[5]
TIEN-DUNG DO. « Étude de la zone plastique en
Pointe de fissure pour l’alliage d’aluminum 2024-T351 »
université François – Rabelais de Tours, 2013.

Regarding the nature of the reinforcement material
used and its influence on the lifetime of the repaired
structures, we find that there is a proportional
relationship between the rigidity of the reinforcement
and development of the lifetime the repaired structure,
but it follows that the right choice is the use of the
same materials as reinforcements than the cracked
structure which causes a larger relative increase in life
and gives the best result, which explains the frequent
use of this action repair in reality in the various
industries.
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ABSTRACT

conditions, where the molecular mean free path is in the order
of 100 nm. For these cases, the Knudsen number, which is
defined as the ratio of the mean free path of gas molecules to
the characteristic dimension of channel, is in the range

The objective of this study is to investigate the
hydrodynamic behavior of fluid flow of two adjacent
immiscible fluids in micro-channel. The model that combines
the continuum approach with slip at the boundaries is adopted
in this investigation. Effect of the slip factor and pressure
gradient on the microchannel hydrodynamics behavior is
investigated. It is found that the velocity slip at the boundaries
increases with increasing the slip factor especially in the upper
domain (low dense phase).

−3

−1

from 10 to, 10 namely the velocity-slip and temperaturejump regime. Therefore, the microscale thermal and fluidic
system must take into account the effects of slip flow and
temperature jump at wall. The analyses of laminar heat transfer
in slip-flow regime were first undertaken by Sparrow et al. [1]
and Inman [2] for tubes with uniform heat flux and a parallel
plate channel or a circular tube with uniform wall temperature
using continuum theory subject to slip-velocity and
temperature-jump boundary conditions. Their works show the
Nusselt numbers decrease in the presence of slip.
The slip flow problem in microtubes has been widely
conducted by investigators [3–10]. However, slip flow in
microchannels has not been conducted as much as the slip flow
in microtubes. Since the slip flow in microchannels requires a
two-dimensional approach, its solution is relatively difficult
compared to that of the slip flow in microtubes. Some of the
slip flow studies in microchannels are summarized here. Yu and
Ameel [11] studied slip flow heat transfer in microchannels and
found that heat transfer increases, decreases, or remains
unchanged, compared to non-slip flow conditions, depending on
two dimensionless variables that include effects of rarefaction
and the fluid/wall interaction. Then, there has been an enormous
interest in research works of microsystem over the last decade
[12-17].
The objective of this study is to investigate the
hydrodynamic behavior of fluid flow in micro-falling film, flow
of two adjacent immiscible fluid in micro-channel. The model
that combines the continuum approach with slip at the
boundaries is adopted in this investigation.

INTRODUCTION
Microchannels are used in a variety of devices
incorporating single-phase liquid flow. The early applications
involved micromachined devices such as micropumps,
microvalves, and microsensors. This was followed by a thrust in
the biological and life sciences with a need for analyzing
biological materials, such as proteins, DNA, cells, embryos, and
chemical reagents. The field of micromixers further received
attention with developments in microreactors, where two
chemical species are mixed prior to introducing them into a
reaction chamber.The high flux heat dissipation from highspeed microprocessors provided the impetus for studies on heat
transfer in microchannels. The developments in the
microelectromechanical devices naturally require heat removal
systems that are equally small. Cooling of mirrors employed in
high-power laser systems involves cooling systems that cover
very small footprints. Advances in biomedical and genetic
engineering require controlled fluid transport and its precise
thermal control in passages of several micrometer dimensions.
A proper understanding of fluid flow and heat transfer in these
microscale systems is therefore essential for their design and
operation. The developing microscale thermal and fluidic
systems typically have characteristic length of the order of 1–
100 µm and often operate in gaseous environments at standard
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METHODOLOGY

uI = β I

The hydrodynamic behavior of fluid flow in two adjacent
immiscible fluids in micro-channel is formulated and
investigated in this study. Consider two immiscible
incompressible Newtonian fluids are flowing in x –direction in
a horizontal thin channel of length L, and width W under the
influence of pressure gradient (Po − PL ) L as shown in Fig. 1.
The flow rate is adjusted so that the channel is half filled with
fluid I (the more dense phase) and half filled with fluid II (the
less dense phase). The fluids are flowing sufficiently slowly so
that no instability occurs, that is the interface remains planar.
Navier _Stokes equation reduces to for fluid I and fluid II
respectively to u is function of y only at the most:

∂p
∂ 2u I
+ µI
∂x
∂y 2

(1)

∂p
∂ 2u II
0 = − + µ II
∂x
∂y 2

(2)

0=−

at y=-b,

u II = − β II

I

(3)

II

(4)
Applying the boundary conditions at the channel:
The momentum flux τ yx is continuous through fluid- fluid
interface.
at y=0, τI yx = τII yx , where

τ

du I
dy

 bµ I + 2 β II µ I − bµ II + 2 β I µ II


I
I II
II
II I
 b µ + µ β − bµ + µ β

(5)

II

II

yx

du
=µ
dy
II

u II = −(

p o − p L 2 C1
I
) y − 1 y + C2
I
2µ L
µ
po − pL 2 C1
II
) y − II y + C2
II
2µ L
µ

at y= 0, u
C 2 I = C 2 II

=u

II






(14)



( β I + β II ))


 I

I
II
II
II
I
 bµ + µ β − bµ + µ β 
The math course of solving the algebraic equations
correspond the boundary conditions were overwhelming, a
symbolic algebraic equation solver code where used for this
purpose.

(7)

(8)
The three integration constants can be determined from the
following slip conditions:
I


y −



(13)

( p o − p L )b 2
2L

(6)
This tells us that CI 1 = CII 2, so we drop the superscript and
call both integration constants C 1 , integrate the above equation
to give

u I = −(

du
dy

 bµ I + 2 β II µ I − bµ II + 2 β I µ II 

y −


I
I
II
II
II
I
 bµ + µ β − bµ + µ β

2
( p o − p L )b 
( β I + β II ))
 I
I II
II
II I
2L
 bµ + µ β − bµ + µ β
p o − p L 2 ( p o − p L )b
u II = −(
)y +
2µ II L
2 Lµ II

p − pl
du
−µ
= o
y + C II 2
dy
L
II

τ I yx = µ I

(9)
II

at y=b,
(10)
where β is the slip factor at wall. From above equations,
we get:
( po − p L )
C1 = −
2L
(11)
 b 2 µ I + 2bβ II µ I − b 2 µ II − 2bβ I µ II 




bµ I + µ I β II + bµ II + µ II β I


(
)
p
−
p
o
L
C 2 I = C 2 II = −
2L
(12)
  2b 3 + 3b 2 β I + 3b 2 β II + 4bβ I β II  


 
I
I II
II
II I  

  bµ + µ β + bµ + µ β
The resulting velocity components are:
p o − p L 2 ( p o − p L )b
)y +
u I = −(
2µ I L
2 Lµ I

Integrate above equation once

p − pl
du I
−µ
= o
y + C I1
dy
L

du I
dy

RESULTS AND DISCUSSION
Flow of two immiscible fluids between a pair of horizontal
plates under the influence of pressure gradient and slip factor is
investigated theoretically. Figures 2 shows Spatial velocity
distribution in the channel in the case of no slip factors
at Po = 150 , PL = 100 . It is clear from this figure that there is
no slip velocity when the slip factor vanishes. Figures (3-6)

this leads to:
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show the effect of slip factor in the slip velocity for the two
domains. It is clear that from these figures that as the slip factor
increases the velocity slip at the boundaries increases. Also, it is
obvious from these figures that the velocity slip in the upper
domain (low dense phase) much higher than that in the lower
domain (high dense domain). As shown from these figures,
increasing the slip factor yields an increase in the velocity slip
at the wall. This is due to the reduction in the interaction
between the molecules and the wall. Also, in the thick domain
(high dense phase) the adhesion force between the molecules
and the wall will more than that in the low dense phase. So the
velocity slip in the low dense phase will be much higher than
that in the high dense phase.

[9] R.F. Barron, X.Wang, T.A. Ameel, R.O.Warrington, The
Graetz problem extended to slip-flow, Internat. J. Heat Mass
Transfer 40 (8) (1997)1817–1823.
[10] Y.-P. Shih, C.-C. Huang, S.-Y. Tsay, Extended Leveque
solution for laminar heat transfer to power-law fluids in pipes
with wall slip, Internat. J. Heat Mass Transfer 38 (3) (1995)
403–408.
[11] S. Yu, T.A. Ameel, Slip-flow heat transfer in rectangular
microchannels, Internat. J. Heat Mass Transfer 44 (22) (2001)
4225–4234.
[12] M. A. Al-Nimr and A. F. Khadrawi, Thermal behavior of a
stagnant gas confined in a horizontal
microchannel as
described by the dual-phase-lag heat conduction model, Int. J.
Thermophysics 25: 1953 (2004).
[13] A. F. Khadrawi, A. Othman and M. Al-Nimr, Transient
free convection fluid flow in a vertical
microchannel as
described by the hyperbolic heat conduction model, Int. J.
Thermophysics 26: 905 (2005).
[14] O. Haddad, M. Abuzaid and M. Al-Nimr, Entropy
generation due to laminar incompressible forced convection
flow through parallel-plates microchannel, Entropy 6(5), 413426 (2004).
[15] Haddad, O. M., Al-Nimr, M. A. and Abuzaid, M. M.: The
effect of frequency of fluctuating driving force on basic slip
micro-flows, Acta Mechanica , Vol. 179, pp. 249-259 (2005).
[16] Haddad, O. M., Abuzaid, M. M. and Al-Nimr, M. A.:
Developing free convection gas flow in a vertical open-ended
micro-channel filled with porous media, Numerical Heat
Transfer, Part A, Vol. 48 (2005).
[17] Haddad, O. M., Al-Nimr, M. A. and Taamneh, Y.:
Hydrodynamic and thermal behavior of gas flow in micro
channels filled with porous media, J. Porous Media, Vol. 9(5),
pp. 403-414 (2006).

CONCLUSION
In this article, the theoretically predicting method for
hydrodynamic behavior of the fully developed laminar flow in a
microchannel in the slip-flow regime is studied. It is found that
as the slip factor increases the slip in the hydrodynamic
boundary condition increases. Also, the velocity slip in the low
dense phase much higher than that in the high dense phase.
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Figure 4: Spatial velocity distribution in the channel at different
slip factors, Po = 150 , PL = 100 , β I = 0.5, β II = 0.5
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Figure 2: Spatial velocity distribution in the channel with no slip
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Figure 6: Spatial velocity distribution at different slip

Figure 3: Spatial velocity distribution in the channel at different

factors, Po = 150 , PL = 100 , β I = 0.4, β II = 0.6

slip factors, Po = 150 , PL = 100 , β I = 0.1, β II = 0.8
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ABSTRACT
1. INTRODUCTION
The suspension is formed by elastic elements, joints and shock
absorbers.
These elements are mounted, according to the construction of
the vehicle, between following parts: the running gear and the
bogie frame, the running gear and the vehicle box, the bogie
frame and the vehicle box.
The elastic elements of suspension can be of metal (steel),
rubber or pneumatics. They are designed to gather some of the
energy vibrations and then to release them, in time, thereby
contributing to the reduction of dynamic loads acting on the
underslung and unsprung masses of the vehicle.
Rubber-metal springs that are widely used in both primary and
secondary spring suspension of rail vehicles are reliable elasticdamping elements.
They are compact since they combine elastic and damping
properties and do not require operational maintenance.

In the vibration study of a rail vehicle the first problem that
arises is the representation thereof by an equivalent mechanical
model consisting of rigid masses, connected by elastic and
damping elements.
Establishing a mechanical model, with a certain degree of
complexity is closely linked to how accurate the results must be.
The more complex the model is, the closer to reality and more
accurate the results will be.
A large number of degrees of freedom of the model makes it
difficult to draw general conclusions regarding the behavior of
the vehicle. Useful qualitative information can be obtained if
less complex models are adopted.
For Railway vehicles a simple mechanical model includes the
suspended masses of the bogies and the mass box of the vehicle
connected by elastic and dynamic elements.
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The suspension should contribute to reducing the load
variations, through an adequate constructive solution, but which
does not compromise the ride quality of the vehicle.
Also, the suspension should soften shocks and the longitudinal
vibrations caused by road speed, at starting, braking and
shunting.
For vehicles with variable load, the suspension should ensure an
arrow under load within allowed limits of height buffers. But if
the suspension is not of a progressive type, then the arrow static
variation leads to diminished possibilities of isolation from
vibration and therefore to decreased ride quality.
The suspension consists of elastic elements, joints and shock
absorbers. These elements are assembled, depending on the
structure of the vehicle, between the running gear and the bogie
frame between the running gear and the vehicle box, between
the bogie frame and the vehicle box.
The elastic elements of suspension can be metal rubber or
pneumatic. They are designed to absorb some of the energy
vibrations and then to release them, in time, thereby
contributing to the reduction of dynamic loads acting on the
underslung and unsprung masses of the vehicle[6].
The connecting elements are made up of suspenders, harnesses
and rocker. Swinging connections fulfill the role of elastic
elements, absorbing transversal or longitudinal shocks. The
longitudinal or transversal rockers are generally used in
locomotives.
The vibration dampers, through the resisting forces that they
create, dissipate some of the energy vibrations, thereby
contributing to their damping. Hydraulic or friction dampers are
generally used in railway vehicles. Leaf springs, rubber and
pneumatic can achieve vibration damping, too.
Nowadays, when there is a tendency to use vehicles with high
transmission capacities and high speeds, improving suspensions
is an issue of particular importance.
Ensuring comfortable, relatively vibration free travel, as well as
the integrity of the transported goods and the structure of the
vehicle all depend essentially on the quality of the vehicle
suspension.
The vehicle suspension must ensure a stable dynamic
behavior when driving straight and a stable dynamic behavior,
with low controlling forces when passing through curves [2].
The suspension should contribute to the mutual reduction
of forces between vehicle and the track, keeping them within
the limits determined by traffic safety and the need to ensure the
protection of both the rolling element and the track[5].
The bedding ensures elastic junction between carriage
frame or bogie frame and axle serving to absorb the shock
energy and to damp the oscillations. (Figures 1 and 2)

Fig. 1 Assembling rubber suspension elements

Fig. 2 Assembling rubber suspension elements

Fig. 3 Axle suspension at LE locomotive

Suspension axle rubber equips 5100 kW and 3400 kW
locomotives. Figures 3 and 4 include the axle suspension at LE
locomotives

Fig. 4
.
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Axle suspension at LE locomotive

According to the number of combinations of spring elements
that works in series (steps suspension), the suspensions may be:
single, double, triple or even quadruple.
The elastic elements are formed of 4 and 6 iron core, between
which 3,4 and 5 rubber layer are vulcanized.
Regarding the elements of suspension of the rubber, it can be
noted that they are obtained by hot vulcanization in the
injection mould, wherein the rubber plastic mixture, in contact
with the sulfur or peroxides is transformed into elastic rubber
and takes the shape of the mold that is the shape of the finished
product.
In the event that the suspension is provided with iron core, these
stick to the rubber in the mold during the vulcanization, using
special adhesives that provide high bonding strength.
Iron core from S355JR and rubber mixture are used to produce
elastic elements.
The basic characteristic of rubber is its great elasticity, namely
the ability to withstand large deformations under the action of
external loadings and to return to its original shape when the
action of these forces stops.
The elasticity of the rubber is an intrinsic property that does not
depend on the shape of the product, in contrast to steel, which,
in order to have a considerable elasticity must have special
forms (coil springs, leaf springs), in other words for steel
elasticity, is a property entirely dependent on its form.
Rubber material is incompressible, namely a volume of rubber
subjected to a compressive stress in a closed space behaves like
an undeformable material and, in order to show elasticity the
rubber track must be able to suppress, changing its shape in the
same volume [6].

a)

Fig. 5 shows, for a suspension element, the dependence
between specific stress and braking strain element suspension
(fig. 5c) compared to the same relation to a iron core (fig. 5a)
and iron (fig. 5b) and the use of rubber depending on the size
deformation (chart checked on the testing stand suspension
elements from the University ,,Politehnica” of Bucharest).
First of all it is noteworthy that the rubber material can
sustain, before breaking, an elongation much higher than
steel’s, which can reach up to 1000% for natural rubber.
Tensile strength is much lower than steel’s, and it can't exceed
the values of 300-320 daN/cm2.
The deformation curve begins with a linear portion, the field in
which the deformations are directly proportional to the strength
applied, followed by material flow yield point elongation and a
portion of the degradation that precedes the breaking.

Fig.6 Stress –strain curves for rubber at extension rates from
0.1 mm/min. to 500 mm/min.
Currently, rubber is used for the static deformation according to
the direction of application (tension, compression, shear). The
deformations are in the range 10-35% of the original size of the
product, the area falling within the general framework of strains
proportional with the task for which relations can be established
relatively simple.
The higher the deformation speed, the higher stiffness the
rubber has. Deforming speeds for the rubber suspensions and
their testing must have a certain value, generally of 50 mm / min
[5]- fig. 6.
The purpose of testing the suspension that equips the bogies of
electric locomotives as a finished product as well as a separate
component materials (rubber and metallic armatures), is to
verify compliance and to fulfill technical quality conditions
prescribed in the applicable standards in order to obtain
approval or certification technical.
Elastic elements by 3, 4 and 5-layer rubber are part of the
electric locomotive bogie suspension (LE 5100kW, LE 3400
kW).
The paper proposes to briefly check in static regime the
mechanical characteristics of the iron core and the behavior in
dynamic regime of the axle suspension of electric locomotives
when checking vertical load.

Fig. 5 Typical Stress-Strain curves for materials
Mild steel
b)Iron
c)Rubber

For impact load a higher deformation of up to 50% is allowed,
depending on the nature and frequency of these requests.
The elastic rubber
suspension test
is done at high
deformations, in generally 100% or 200% and, some cases,
500%.
Although rubber can endure a very large deformation, this is
only used in small, specialized fields, in order to prevent
deformation which could produce irreversible structural
changes in the mass of rubber.

2. TESTS RESULTS
Test were performed at Romanian Railway Authority-Romanian
Railway Notified Body- Laboratory department, in vibration
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L 0 - original gauge length
L t - total length of the piece
Lu - final gauge length
S 0 - original cross sectional area of calibrated length
1- length of grip section

damping impact study generated by railway vehicle on the
railway and their influence on GPS transmission.
Operating characteristics of the steel from the composition of
iron core from axle suspension of locomotives LE were
certified by static tests for determining the mechanical
characteristics, namely: determination of tensile strength,
determination of yield strength, determination of elongation and
determination of energy absorbed and dynamic tests for
determining the fatigue test of the all elastic element metal rubber.
The iron cores used for the axle suspension are subjected during
use to the action of external loadings.
Using mechanical tests qualitative data are obtained on the
behavior of materials in the corresponding strain conditions
during these tests and the values of physical or conventional
values called mechanical characteristics, which can be used as
quantitative parameters for expressing mechanical properties.

The tensile test is the maximum engineering stress level reached
in a tension analyses. The strength of a material is its ability to
withstand external loading without breaking.
The ductility of a material is a measure of the extent to which a
material will deform before fracture.
Elongation is the change in axial length divided by the original
length of the specimen or portion of the specimen. It is
expressed as a percentage.
The yield strength is defined as the stress required producing a
small, amount of plastic deformation. The offset yield strength
is the stress corresponding to the intersection of the stress-strain
curve and a line parallel to the elastic part of the curve offset by
a specified strain.
The equipment which was used is the Universal
Electromechanical Testing System with 300 KN loading
capacity. The testing machine applies tensile forces by means of
a moving crosshead.
The tensile experiment is the most common mechanical test that
reveals several important mechanical properties, such as:
modulus of elasticity, yield strength, tensile strength, ductility,
and toughness. The material to be tested is formed into a shape
suitable for gripping in the testing machine, and then pulled at
constant rate until it fractures. The tensile instrument elongates
the specimen at a constant rate and has devices to continuously
measure and record the applied load and elongation of the
specimen. During the stretching of the specimen, changes occur
in its physical dimensions and its mechanical properties.
Tensile test measures the resistance of a material to a static
applied force. A specimen is placed in the testing machine and
load is applied. An extensometer is used to measure elongation.
The Yield Strength is the stress at which a prescribed amount of
plastic deformation is produced. Elongation describes the extent
to which the specimen stretched before fracture.
The tensile test consists of subjecting a test piece to a
continually increasing tensile strain, generally to fracture, for
the purpose of determining one or more of the following tensile
properties ( fig.8):
- tensile strength
- yield strength
elongation

2.1. Determination of tensile strength, yield strength
and elongation at break
To highlight the particularities of the iron cores under stress a
tensile test was used.
The test was conducted in accordance with [5].
Tensile testing was carried out on specimens made of iron core
material, having the shape and size as [5].
Test pieces were obtained by processing the material used for
the iron core, having a connecting area between the grips and
the calibrated length. Each extremity of the initial gauge length
L 0 was marked by lines drawn by the marking device.
The tensile specimens have been prepared to the dimensions of
a specimen with a rectangular section as shown in table D2,
Annex D [5] (figura nr. 7 a, b),

a)Test specimen before the test

The test was carried out at ambient temperature of 23°C, which
falls within the required values in the range ambient
temperature (10 ... 35) ° C, according to section. 5 of [5];
The test results are found in Table. 1 and test mode samples are
shown in fig. 9-11:

b)Test specimen after the test
Fig. 7.Test specimen for tensile test
Key
a 0 - the initial thickness of the plate specimen
b 0 - the initial width of calibrated length
L c - calibrated length
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2.2 Determination of absorbed energy for the steel in
the composition of steel iron cores
To highlight the particularities of the iron core breaking
behavior at a series of temperatures, a bending impact test was
used.
The test was conducted in accordance with [6] on a machine
called the pendulum impact machine. The mechanical feature
determined by testing bending shock is breaking energy,
recorded as KV.
This impact test shows the relationship of ductile to brittle
transition in absorbed energy at a series of temperatures.
The test was performed using several machined bar specimens
with a 2 mm deep notch at the middle of a specified flat surface
– usually a “V” notch. The specimens were tested at a series of
specified temperatures (in this case -20ºC and +23 ºC).
The specimens have been made of iron core studied with the
configuration and dimensions in accordance with [6].
Processing channel in the "V" with a depth of 2 mm was
performed using broaching machines and checked with
adequate equipment, according to [6], Table 2.
Normal test conditions corresponding to an energy of 150 J
nominal machine.
Once a specimen reaches the precise temperature, it was quickly
placed into a special holder with the notch oriented vertically
and toward the origin of impact. The specimen is struck by a
“tup” attached to a swinging pendulum of specific design and
weight.
The device consists of a pendulum of known mass and length
that is dropped from a known height to impact a notched
specimen of material.
The notch in the sample affects the results of the impact test,[7]
thus it is necessary for the notch to be of regular dimensions and
geometry. The size of the sample can also affect results, since
the dimensions determine whether or not the material is in plane
strain. This difference can greatly affect conclusions made
fig. 12. [8]

Fig. 8.Chart plastic and elastic behavior
The test was carried out at ambient temperature of 23°C, which
falls within the required values in the range ambient
temperature (10 ... 35) ° C, according to section. 5 of [5];
The test results are found in Table. 1 and test mode samples are
shown in fig. 9-11:
Table 1 Test results
Type of elastic element E3/E4/E5
No
Test
Specimen

1
2
3
4
5

Sectional
Area,
So,
[mm2]
103,90
104,29
104,00
103,79
103,50

Conventional
Tensile
yield
stress,
Fc, [kN]
51,00
48,75
50,00
48,00
49,00

Yield
strength,
R p0,2
[N/mm2]
490,86
467,45
480,77
462,47
473,43

Tensile
strength
,F R
[N/mm2]

Tensile
breaking
strength,
Rm,
[ N/mm2]

59,25
59,25
58,88
59,25
58,50

570,25
568,13
566,15
570,86
562,22

Elongation,
A 5 , [%]

31,70
28,34
29,60
29,90
29,08

Fig. 9 Test specimen before and after the test

Fig.12 Schematic of the Charpy impact test
Fig.10Test piece on the
marking device

The test results are summarized in Table. 2 and test
mode of the samples is shown in Fig. no. 13:

Fig. 11 Test specimen
caught in the grips
machine
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Table 2 –The impact test results
Type of elastic element E3/E4/E5
No
Test
Specimen

5
4
-

Information about
specimen
The initial sectional
area of the specimen
with the notch in the
"V" of 2 mm, [mm2]
Maximum
40,04
value
Minimum
40,77
value
Average
40,29
value

Absorbed energy,
KV, [J]
specimen
at -20°C

specimen
at 23°C

62,0

66

42,0

47

53,6

56,5

Fig. 15 Fitting pair axle suspension on the
Universal Electromechanical Testing System

2.3.1. Checking the deflection under vertical load
and verifying the difference of the arrow
of the elastic elements with 3 and 5 layers of
rubber for the LE 5100 kW suspension
A progressive load until 70 kN was initially applied, after which
it was reduced to 0. This cycle was repeated twice, after which
the actual determination for each item began.
Each element placed in the device was compressed up to 22.4
kN, and then compression was maintained for 5 seconds and the
deflection was read. It was continued up to 44.6 kN load
applied, and then it was maintained 5 seconds and the arrow
was read, too.

Fig. 13 Test specimen before and after the test
with incomplete and complete fracture

2.3. Checking the deflection under vertical load and
verifying the difference of the deflection of the elastic

2.3.1.a. 3-layer elastic rubber elements for suspension
of electric locomotives

elements with 3 and 5 layers of rubber for the LE
5100 kW suspension and of elastic elements with 4
layer of rubber for the LE 3400 kW suspension

In this case the deflection difference was calculated:
Δf = F(44,6 kN) - F(22,4 kN)

The equipment to be used is the Universal Electromechanical
Testing System with 400 KN loading capacity, test machine on
which elastic elements of three, four or five layers have been
installed, in turn.
For each type of element, the test consisted in applying a load
vertically and determining the shifting (Fig. No. 14-15).

Static vertical deflection (mm) at the force of F=44,6 kN must
fall between 33-41 mm.
There were four (4) static curve for verifying deflection under
vertical load:
• in the state of presentation (EE3s-1/1, EE3s-2/1),
• after running time 100,000 cycles (EE3s-1/2, EE3s-2/2),
• after aging 72 hours at 70°C (EE3s-1/3, EE3s-2/3),
• after completion of the 2x106 cycles (EE3s-1/4, EE3s-2/4).
Key
EE3s – 3 -layer rubber elastic elements
Δf (required) deflection difference

The test results are summarized in Table 3a and 3b:

Fig. 14-layer rubber- model

Table 3a Test results
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Static 1
EE3s-1/1
[mm]

Static 2
EE3s-1/2
[mm]

Static 3
EE3s-1/3
[mm]

Static 4
EE3s-1/4
[mm]

22.4

21,8

21,7

20,9

20,2

44.6

40,7

40,8

41,3

40,9

Δf

Δf1=18,9

Δf2=19,1

Δf3=20,4

Δf4=20,7

Force
f
[kN]

Static 1
EE3s-1/1
[mm]

Table 3b Test results
Static 2
Static 3
EE3s-1/2 EE3s-1/3
[mm]
[mm]

Static 4
EE3s-1/4
[mm]

22.4

21,8

21,7

20,9

20,2

44.6

40,7

40,8

41,3

40,9

Δf

Δf1=18,9

Δf2=19,1

Δf3=20,4

Δf4=20,7

Static- curve EE3-2

Displacement (mm)

Force
f
[kN]

50
45
40
35
30
25
20
15
10
5
0
0

5

10

static 1

Static curve EE3-1

Displacement (mm)

10

15

20 22.4 25

30

35

Fig. 16

static 2

40 44.6 50

static 3

35

40 44.6 50

static 2

static 3

static 4

Stress-displacement charts

Stress (kN)
static 1

30

Static vertical deflection (mm) at the load of F=44,6 kN must
fall between 56-70 mm.
There were four (4) static curve for verifying arrow under
vertical load:
• in the state of presentation (EE5s-1/1, EE5s-2/1),
• after running time 100,000 cycles (EE5s-1/2, EE5s-2/2),
• after aging 72 hours at 70°C (EE5s-1/3, EE5s-2/3),
after completion of the 2x106 cycles (EE5s-1/4, EE5s-2/4)
Key
EE5s – 5 -layer rubber elastic elements
Δf (required) deflection difference
The test results are summarized in Table 4a and 4b:

50
45
40
35
30
25
20
15
10
5
0
5

20 22.4 25

Stress (kN)

Fig. 17

0

15

static 4

Stress-displacement charts

Checking deflection difference for: 3-layer elastic rubber
elements is given by the relation:

Forta
[kN]

Static 1
EE5s-1/1
[mm]

21.4

27,2

44.6
Δf

55,2
Δf1=28,0

Δf (required) =F(44,6kN)- F(22,4kN) =18,5±2 mm
Forta
[kN]

The force-displacement charts for each item were built.
The diagrams obtained are shown in Fig. 16-17.

2.3.1.b. 5-layer elastic rubber elements for suspension
of electric locomotives
In this case the arrow difference was calculated:

Δf = f(44,6 kN) - f(22,4 kN)
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Table 4a Test results
Static 2
Static 3
EE5s-1/2
EE5s-1/3
[mm]
[mm]
29,5

29,2

58,9
61,5
Δf2=29,4 Δf3=32,3
Table 4b Test results
Static 1
Static 2
Static 3
EE5s-1/1
EE5s-1/2
EE5s-1/3
[mm]
[mm]
[mm]

Static 4
EE5s-1/4
[mm]
30,1
58,7
Δf4=28,6
Static 4
EE5s-1/4
[mm]

21.4

27,2

29,5

29,2

30,1

44.6
Δf

55,2
Δf1=28,0

58,9
Δf2=29,4

61,5
Δf3=32,3

58,7
Δf4=28,6

Δf = f(43,6 kN) - f(21,4 kN)
Static curve EE5-1

Static vertical deflection (mm) at the load of F=43,6 kN shall
fall between 41-49 mm.

70

Displacement (mm)

60
50

There were four (4) static curve for verifying arrow under
vertical load:
• in the state of presentation (EE4s-1/1, EE4s-2/1),
• after running time 100,000 cycles (EE4s-1/2, EE4s-2/2),
• after aging 72 hours at 70°C (EE4s-1/3, EE4s-2/3),
after completion of the 2x106 cycles (EE4s-1/4, EE4s-2/4)
Key
EE5s – 5 -layer rubber elastic elements
Δf (required) deflection difference

40
30
20
10
0
0

5

10

15

static 1

20 22.4 25
Stress (kN)
static 2

30

35

40 44.6 50

static 3

static 4

The test results are summarized in Table 5a and 5b:

Fig. 18 Stress-displacement charts

Static curve EE5-2

70

Displacement (mm)

60
50

Table 5a Test results
Static 2
Static 3
EE5s-1/2
EE5s-1/3
[mm]
[mm]

Forta
[kN]

Static 1
EE5s-1/1
[mm]

Static 4
EE5s-1/4
[mm]

21.4

27,2

29,5

29,2

30,1

44.6
Δf

55,2
Δf1=28,0

58,9
Δf2=29,4

61,5
Δf3=32,3

58,7
Δf4=28,6

Forta
[kN]

Static 1
EE5s-1/1
[mm]

Table 5b Test results
Static 2
Static 3
EE5s-1/2
EE5s-1/3
[mm]
[mm]

Static 4
EE5s-1/4
[mm]

21.4

27,2

29,5

29,2

30,1

44.6
Δf

55,2
Δf1=28,0

58,9
Δf2=29,4

61,5
Δf3=32,3

58,7
Δf4=28,6

40
30
20
10
0
0

5

10

static 1

15

20 22.4 25 30
Stress (kN)

static 2

35

40 44.6 50

static 3

static 4

Fig. 19 Stress-displacement charts

Checking arrows difference for elastic 4-layer rubber Elements
is given by the relation:

Checking arrows difference for elastic 5-layer rubber elements
is given by relation:

Δf (required) = f(43,6kN) - f(21,4kN) = 24±1,5 mm
The load-displacement charts for each item were built. The
diagrams obtained are shown in Fig. 20-21.

+3

Δf (required) =f(la 44,6kN)- f(la 22,4kN) =31 −3,5 mm.
The force-displacement charts for each item were built
The diagrams obtained are shown in fig. 18 -19.

2.4.Verification of fatigue strength for elastic element metal
- rubber for electric locomotives of 5100 kW and 3400 kW.
The ability of materials to withstand demands for expected
variables that cause fatigue phenomenon is expressed by a size
characteristic for the limit state used in the calculations of
fatigue- fatigue strength.

2.3.2. Checking deflection under vertical load and
verifying the difference of the deflection of the elastic
elements with 4 layers of rubber for the LE 3400 kW
suspension

Verification of fatigue strength was done according to the
following test program:

In this case it was calculated arrow difference:
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testing device and 2,000,000 cycles were carried out to
following parameters:
F max =150 kN, F min =100 kN and frequency =5 Hz.

Static curve EE4-1
60
50

3. CONCLUSION

Displacement (mm)

40
30

The paper presented an experimental study on the elastic rubber
elements with 3, 4 and 5 layers of rubber.
To check the manufacturing technology and the mechanical and
thermal treatments applied, a set of rubber elements from each
type was tried on fatigue test, for certification and use them in
operation.
The tested rubber elements have corresponded to the technical
conditions for being used as suspension elements.
The obtained results were within the permissible limits, so it can
be concluded that the mechanical characteristics of the 3 types
of elastic rubber elements were fulfilled.
The most important mechanical test in static conditions to
assess the quality of a metal or to verify its characteristics is
tensile static test, conducted at normal temperature. Due to this
test one determined a series of mechanical characteristics, the
most important being the steel fracture resistance S355JR.
Through this test, the mechanical specimens of given
dimensions, fixed one by one in the testing machine jaws, were
tested under a tensile progressive load, in the direction of the
longitudinal axis.
While the effort was increasing, in the specimen also the efforts
were increasing leading to specimen elongation, breaking
constriction and, finally to its fracture.
During the test the loads that stressed the specimen and its
elongations were supervised.
After the breaking of the specimen, one measured the plasticity
and strength characteristics and the metal characteristic curve
was set out, also named tensile chart.
For tensile test, the imposed values were between 510-630
N/mm2, so it can be concluded that the product is compliant
and all 5 tested specimens had results higher than the minimum
value required.
Regarding the fracture energy for the steel from iron core
composition, it was achieved in the conditions of high speed
stress and given temperature. The minimum imposed value was
of 28J, so it can be concluded that product is compliant and
those all 10 tested specimens had results higher than the
minimum value required.
It is considered that the testing on the specimens in V notch
reflects the capacity of the material to resist the crack
propagation.
The shock bending test had taken into account both the tenacity
and the material strength.
The values of the fracture energy (or strength under shock)
determined through the shock bending test of the extracted
specimens from the iron core, are directly correlated with the
material fracture behavior (there are characteristics that express
the material tenacity while fracturing): At positive and negative
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Fig. 20 Stress-displacement charts
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Fig. 21 Stress-displacement charts
•

two elastic metal rubber elements were chosen with
functional characteristics as similar as possible
• both elastic elements were installed in the fatigue test
device and 100000 cycles were carried out at the
following parameters:
F max =150 kN, F min =100 kN and
frequency =5 Hz.
• The elastic elements were relaxed for 24 hours and then
the elements were placed in the climatic chamber and
maintained at ++70°C for 72 hours.
•
After removing them from the climatic chamber the
elements were left to relax 24 hours again and then those two
elastic element metal - rubber were assembled in fatigue
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temperatures, it was obtained values close to the ones of
fracture energy. In conclusion, the product is compliant.
At the verifying of the deflection under load, for the elastic
elements with 3, 5 respective 4 rubber layers, it was observed
that the imposed condition is fulfilled.
The difference of the deflections (Δf) is within the imposed
limits. Howewer, the the vertical deflection for the elastic
elements with 4 layers did not reach the imposed values of 4141,8 mm, they had an maximum value of 35,7 mm.
The strengths characteristic for every elastic element in relation
with displacement is linear and kept the same allure.
Regarding the fatigue behaviour, all types of elastic elements
were tested according to the imposed requests of 2 million
cycles and all 3 types of elements were in the limits.
Through these laboratory tests the behavior were stimulated in
operation of the axle elastic suspensions, tested in static and
dynamic conditions.
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The results showed that the optimum weld current and weld
time were required to obtain the highest the T-P and T-S
strength of weld joints.
Previous studies have made to establish an optimization of
tensile strength of RSW for galvanized steel using Taguchi
method. The results showed that the effective parameters on
strength were determined as weld current, electrode pressure,
weld time, clamping time and hold time. The results also
indicated that Taguchi approach was effectively used for
optimization of weld parameters in RSW process [5-8].
In this work, effects of some parameters such as the weld
current, weld time, and thickness of steel sheet on tensile-peel
strength of welded assemblies by ERSW was investigated.
Taguchi’s experimental design has been used to obtain an
optimal experimental prescription in order to determine
maximum T-P strength of the welded assemblies

ABSTRACT
In this study, the effects of weld parameters on tensilepeel (T-P) strength of welding assembly in electrical resistance
spot welding of galvanized DP 600 steel sheets were
investigated. Taguchi design method has been employed to
examine the effects of three parameters of thickness of steel
sheets, welding current, and welding time using the L 12 (21x32)
orthogonal array. Results showed that the most effective
parameters on the tensile peel (T-P) strength were found as
thickness of steel sheets and weld time. Maximum 167 daN
strength was obtained through proposed optimum conditions by
Taguchi technique.
INTRODUCTION
Electrical Resistance Spot Welding (ERSW) is a welding
porocess that has low cost and high speed for auto-body
assemblies. Due to their higher tensile strength, good weld
ability and corrosion resistance, Dual phase (DP) steels have
been used in automobile bodies [1].
Aslanlar [2] has studied eﬀects of weld current and weld
time on the tensile-peel (T-P) strength and tensile-shear (T-S)
strength of welding joint in ERSW of chromided micro-alloyed
steel sheets and galvanized chromided micro-alloyed steel
sheets. The optimum welding parameters were suggested by
using related diagrams to get appropriate tensile strength of
welding joints
Aslanlar et al. [3 and 4] have worked to investigate the
eﬀects of weld time and weld current on tensile shear and
tensile-peel strength of welding joints of chromate microalloyed steel sheets which are 1.2 mm thicknesses in ERSW.

EXPERIMENTAL WORK
The thickness of DP 600 steel sheet used in the
experiments is 1.00 and 1.20 mm galvanized layers are 23 μm.
Their chemical composition are given in Table 1. The work
pieces are prepared as shown in Figure 1. Before the weld
process, the work pieces were cleaned ultrasonically.
In this study, the weld process parameters include the
welding current (A), welding time (B) and thickness of steel
sheet (C) as shown in Table 2. Thickness of steel sheet
parameter was selected as two levels. Weld time and weld
current parameters were determined as three levels. Other
parameters were kept constant such as the clamping at 25 cycle,
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3
4
5
6
7
8
9
10
11
12

electrode force at 6 kN, hold time at 25 cycles, electrode
diameter at 16 mm sphere during experiments.

Table 1. Chemical composition of steel sheets used in experiments
1.00 mm
0.0421
0.0147
0.1190
0.0096
0.0015
0.0071
0.1570
0.0115
0.0010
0.0184
0.0034
0.0010
97.790
1.6800
0.0959
0.0330
0.0020
0.0050

1.20 mm
0.0544
0.0174
0.1150
0.0054
0.0013
0.0043
0.1580
0.0128
0.0010
0.0212
0.0059
0.0010
97.630
1.8400
0.0967
0.0277
0.0020
0.0050

1 n

 ∑1 / y 2 
S

N = -10log  n i =1

Thickness of steel
sheets, mm
Weld current, kA
Weld times,
period (1/50 s)

Level 1

Level 2

A

1-1 mm

1-1.2 mm

Level
4

B

4

5

6

8

C

5

10

15

25

A current and timer controlled weld machine which
has 120 kVA capacity and pneumatic application mechanism
was used in experimental works. The work pieces were welded
according to L 12 (21x32) orthogonal design array which includes
12 different weld prescription as seen in Table 3.

1
2

Thickness of steel
sheets, mm
A
1 - 1 mm
1 - 1 mm

Welding times,
period
B
5
10

N
 T2
SST = ∑ (S N )i 2  −
 İ =1
 N

(2)

 K A  Ai 2  T 2
 −
SS A = ∑ 

n
 İ =1  Ai  N

(3)

vTotal = N − 1

(4)

SS Factor
vFactor

(5)

FFactor = V Factor

(6)

VFactor =

V

Table 3. L 12 (21x32) orthogonal design array
Exp.
No

(1)

In order to determine the importance of the factors,
analysis of variance statistical method (ANOVA) was prepared
using the signal-to-noise (S/N) ratio values. ANOVA employs
Eqs. (2)-(6) [9, 10]

Level
3

Symbols

6
6
5
8
8
8
5
4
6
4

Where n is the number of measurements in a trial and y is the
value of measurement in a trial.

Table 2. Process parameters and their levels
Factors

15
25
25
5
10
15
15
25
10
5

The welded work pieces were performed to tensilepeel tests by in a 50kN computerized universal testing
machine in order to determine T-P strength of the
welding assemblies. The tensile speed was kept constant
at a crosshead of 10 mm/min at room temperature.
Using the average T-P strength values from the
measurements, signal-to-noise (S/N) ratios were
calculated by Eq. (1) and presented in relevant tables. The
S/N ratio calculation is based on the “higher is better”
approach as represented by Eq. (1).

Figure 1. The sizes of tensile peel test specimens

Elements
C
P
Mo
Co
Ti
Sn
Si
S
Ni
Cu
V
Mg
Fe
Mn
Cr
Al
Nb
W

1 - 1 mm
1 - 1 mm
1 - 1 mm
1 - 1 mm
1 - 1.2 mm
1 - 1.2 mm
1 - 1.2 mm
1 - 1.2 mm
1 - 1.2 mm
1 - 1.2 mm

Welding
current, kA
C
4
5

Error

Where, N is the total number of experiments, SST is the
sum of squares due to total variation, KA is the number of
levels for factor A, SSA represents the sum of squares due to
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factor A. nAi is the number of samples for ith level of factor
A., Ai stands for the sum of the total ith level of the factor A,. T
is the sum of total (S/N) ratio of the experiments, vtotal is the
degrees of freedom, SSfactor represents the sum of squares of
the factor and Ffactor is the F ratio of the factor, Vfactor is the
variance of the factors.
RESULT and DISCUSSION
Table 4 shows the average T-P strength of the welded
assembly values measured for each trial. The maximum T-P
strength values and S/N ratios for each trial are also presented
in the last two columns, respectively. T-S strength values
measured were varied between 120 daN and 167 daN as seen
Table 4. The highest strength was obtained from trial 12 and
the lowest strength obtained from trials 6.
Table 4. L 12

Figure 2. Breaking failure samples observed in tensile-peel tests.
Table 5. Analysis of variance (ANOVA)
Factors

Thickness of steel
sheets, mm
B ($) Welding times
C (&) Welding current

orthogonal design array, measured T-S strength of
the welded assemblies, and S/N ratios
Tensile-shear
strength, daN

S/N ratio

1
2
3
4
5
6
7
8
9
10
11
12

121
138
122
130
128
120
151
129
147
121
136
167

41.66
42.80
41.73
42.28
42.14
41.66
43.58
42.21
43.35
41.66
42.67
44.45

Degrees of
freedom (v)

Varian
ce (V)

F(factor)

2.67

1

2.67

43.2

3.27
2.63

3
3

1.09
0.88

17.67
14.22

8.56
0.25

7.00
4

1.22
0.06

(#)

A

(21x32)

Exp.
No

Sum of
squares (SS)

Total
Error (e)

If “v” is 1, # At least 99% conﬁdence (21.20). + At least 95% conﬁdence (7.71).
If “v” is 3, $ At least 99% conﬁdence (16.69), & At least 95% conﬁdence (9.98).

Using the values in Table 4, the corresponding S/N
response table and S/N response graph were derived as shown
in Table 6 and Figure 3 respectively. According to the Taguchi
method, this study defines the high tensile-peel strength with a
high S/N ratio. Thus, Figure 4 reveals the optimal combination
of experimental parameters and the corresponding values of
each factor. These are A2, B3 and C3 for obtaining the highest
the T-P strength of welding assembly.
Table 6. Factors response table

During the tests, three types of breaking failure were
observed: (1) tearing and (2) knotting. Samples of them are
shown in Figure 2 (a)-(b).

Level
1
2
3
4

Table 5 shows the analysis of variance table
(ANOVA) which was prepared using S/N ratio. According to
the ANOVA table, the high contribution and variance of factors
A and B indicate that the thickness of steel sheets and weld
time are significant at least 99% confidence. The electrode
pressure (C) is the effective factor at least 95% confidence.

Rank

A
42.04
42.98

0.94
3

Factors
B
42.22
42.05
43.39
42.40
1.34
1

C
42.60
42.51
43.13
41.82
1.32
2

44
S/N RATİO

43,5
43
42,5
42
41,5
41

A1 A2

B1 B2 B3 B4
C1 C2 C3 C4
FACTORS AND THEİR LEVELS

Figure 3 Response graph for the tensile shear strength

According to the principles of the Taguchi method, it is
compulsory to perform an experiment for verification in order
to compare the results with the expected conditions. In order to

141

obtain the confirmation experiment table the following Eq. (7)–
(8) have been used [9, 10].

µ

= A2 + B3 + C3 - 2T

(7)

µ±

F(p)Ve

(8)

Strength

with austenitic stainless steel sheets, J Mater. Process.
Technol., 153-154, 1-6.
[2] S. Aslanlar, The eﬀect of nucleus size on mechanical
properties in electrical resistance spot welding of sheets
used in automotive industry, Materials and Design 27
(2006) 125–131.
[3] S. Aslanlar, A. Ogur, U. Ozsarac, E. Ilhan, Z. Demir,
Eﬀect of welding current on mechanical properties of
galvanized chromided steel sheets in electrical resistance
spot welding. Mater Des, 28 (2007) 2–7.
[4] S. Aslanlar, A. Ogur, U. Ozsarac, E. Ilhan, Welding time
eﬀect on mechanical properties of automotive sheets in
electrical resistance spot welding, Materials and Design
29 (2008) 1427–143.
[5] U. Eşme, (2009), Application of Taguchi method for the
optimization of resistance spot welding process, Arab. J.
Sci. Eng., 34(2B).
[6] Ö. Savaş, (2015), Effect of some welding parameters on
nugget size in electrical resistance spot welding, Steel
and Composite Structures, An International Journal, 18,
345-355,
[7] J. Xu, X. Jiang, Q. Zeng, T. Zhai, T. Leonhardt, J.
Farrell, W. Umstead and M.P. Effgen, (2007),
Optimization of resistance spot welding on the assembly
of refractory alloy 50Mo–50Re thin sheet, J. Nucl.
Mater., 366(3), 417-425.
[8] S.M. Hamidinejad, F. Kolahan and A.H. Kokabi (2012),
The modeling and process analysis of resistance spot
welding on galvanized steel sheets used in car body
manufacturing, Mater. Des., 34, 759-767.
[9] P. J. Ross, (1998), Taguchi techniques for quality
engineering, loss function, orthogonal experiments,
parameter and tolerance design, New York: McGrawHill Inc: ISBN: 0-07-053866-2
[10] R. H. Lochner, J. E. Matar, (1990), Designing For
Quality “An Introduction to the Best of Taguchi and
western methods of statistical experimental design,
chapman and hall, London, Newyork,
Tokyo,
Melbourne, Madras,

n

Where µ is estimated average S/N values, F(p) is F
ratio, Ve is error variance, n is number of tests under
given condition.
Table 7. Results from the verification experiment
Description
Optimum condition
Estimated average S/N ratio
Estimated S/N ratio range
Exp. average S/N ratio
Estimated average value
Estimated value range
Exp. average value

Shear strength, MPa
A2B3C3
44.51
43.98< μ <44.66
44.45
168
158< μ <178
167

Table 7 show that estimated T-P strength should be
between 158 daN and 178 daN at the optimum condition
(A 2 B 3 C 3 ) for 99% conﬁdence (16.69). The determined the
optimum conditions have been included in the original set of
trials (see Table 4). So, an extra validation trial wasn’t carried
out (see Table 4). According to the results obtained from the
validation trial, the average of T-S strength was 167 which well
lay within the calculated strength range. This validates the
confidence of the current work.
CONCLUSION
This work has presented an investigation on the effects of
T-P strength of welding assemblies in ERSW. Taguchi’s
method has been employed to examine the effects of three
welding parameters namely, weld current and weld time on T-P
strength. The conclusions from this study can be driven as
follows;
1- According to the Taguchi method, the highest
effective parameters on T-P strength of welding assemblies
were determined as thickness of steel sheets, weld time and
weld current, respectively.
2- The results showed that thickness of steel sheets
parameter was almost three times more important than other
parameters (weld time and current) to obtain high T-P strength
of welding assemblies.
3- The highest T-S strength was average 167 daN with
the confirmation test which was obtained with the optimal
combination of the factors as 6 kA weld current, 15 period
weld time, and 1-1.2 mm thickness of steel sheets.
REFERENCES
[1] Vural, M. and Akkus, A. (2004), On the resistance spot
weldability of galvanized interstitial free steel sheets
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The DP 600 steel was reported as being used in
Arcelor Mittal automobile applications, in parts such as seat
flange, wheel, wheel webs, light weighted longitudinal rails,
shock towers, and fasteners [4-5].

ABSTRACT
In this study, DP 600 (Dual Phase) steel plates having
1 mm thickness were joined by copper-based (CuAl8) wire in
gas metal arc brazing technique. Specimens were prepared in
joining forms as butt joint. Brazing operations were done with
three different Brazing gap of 0, 0.3, and 0.5 mm. CuAl8 wire
composed largely of copper serves as the filler metal were
used. Having accomplished the brazing operations; tensile
properties of joints were detected, and micro and macrostructures of joints were investigated in order to see the
joinability of DP 600 steel by gas metal arc brazing technique.

The car assembly industries have recently been using
zinc-coated carbon steel sheets in passenger car bodies because
they combine good mechanical properties, good corrosion
resistance and low purchase cost of this material [6].
Galvanized DP steel sheets are widely used in
construction with corrosion resistance and especially in the
automotive industry [7].
In car assembly, where conventional welding
processes like gas metal arc welding (GMAW) are used, the
zinc coating is subject to severe evaporation and oxidation,
leaving the weld bead and part of the base metal unprotected
against subsequent oxidation. To reduce the risk of zinc
evaporation, new welding processes with a low heat supply
have begun to gain ground, for example MIG-brazing, which
combines the advantages of the MIG process (high deposition
rate, high welding speed and adaptable to automation) and
brazing (without any intense fusion of the welded parts and
without any appreciable alteration of the mechanical properties
of the base metal and the coating applied) [8].
In this paper, Mechanical Properties of Butt Joint
Form in MIG-Brazed Joints of DP600 Thin Zinc Coated Steel
Plates Using Different Brazing Gap were studied by using
copper based filler and it is found that the joint strength is
higher than that of the base materials [9-10].

INTRODUCTION
Recently, it becomes important in automotive industry
to improve gas mileage by reducing total weight of vehicles
while maintaining their level of safety. Therefore, using high
strength materials, which provide higher strength for
automobile body parts, has rapidly increased in the sheet metal
industry [1].
Dual phase steels are among the most important
advanced high strength steel (AHSS) products recently
developed for the automotive industry. This group of steels is
very interesting for light weight constructions because it
combines a high ultimate strength with a high fracture strain
[2].
The dual phase DP 600 steel, which is among the
steels developed within the scope of measures to provide fuel
saving, has become a product widely used in automotive
industry [3-4].
The DP 600 steel enables both a reduction in vehicle
weight, an increase in strength for those carrying greater loads,
and provides thinner application thickness [5].

EXPERIMENTAL WORK
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Where η MIG : 0.7 is the arc efficiency factor, e:
thickness (mm) U and I are the mean values for the arc voltage,
respectively for the current intensity and V (cm/dk) is the
brazing speed [11]. MIG-brazing process parameters such as
current intensity, voltage, wire feed speed, shielding gas at a
flow rate of 12 L/min, brazing travel speed and brazing gap
were presented in Table 3. All MIG-brazing tests were
performed automatically on a machine with a robot.

A zinc coated DP 600 dual phase automotive steel which was
mainly ferritic with a fraction of hard phases of martensite was
used in this study. The chemical composition of the steel was
given in Table 1. In the tests the steel plates were 1 mm
thickness, with 7.5 μm zinc coating. DP 600 steel plates were
cut 200x200x1mm on Fig. 1. The sheets were positioned end
to end to allow gaps between them 0, 0.3, 0.5 mm, and were
subjected to joining by MIG-brazing process. The filler metal
was a solid wire with a diameter of 1 mm, classified as AWS
ERCuAl8, which is a copper-based, torch angle of 90°. Argon
was used as the shielding gas at a flow rate of 12 L/min. The
chemical composition of filler wire was given in Table 2.

Table 3. MIG-brazing process parameters.
MIG-brazing parameters

Table 1. Chemical composition of DP 600 galvanized steel
C
(%)
0.091

Si
(%)

Mn
(%)

0.239

1.858

P (%)

S (%)

0.011

0.001

Cr
(%)
0.573

Mo
(%)

Ni
(%)

Al (%)

0.004

0.024

0.039

Fe (%)
96.282

Cu
(%)

Nb
(%)

V
(%)

N (%)

B (%)

Sn
(%)

Ti
(%)

AlZO
(%)

0.012

0.001

0.004

0.0035

0.0001

0.001

0.002

0.038

Al (%)

Mn(%)

Fe (%)

Sn (%)

Rest

8

<0.5

<0.5

<0.5

Melting temperature
range (oC)
1030-1035

The surface of the samples was cleaned by acetone
before MIG-brazing. Three sets of welding parameters of
different heat inputs were selected, as shown in Table 3. The
heat input, HI is calculated using the equation:

𝐻𝐻𝐻𝐻𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 =

Shielding
gas
[L/min.]

Travel
Speed
[cm/min.]

Brazing
Gap
[mm]

65

3,4

12,3

12

24

0

65

3,4

12,3

12

24

0,3

65

3,4

12,3

12

24

0,5

Figure 3. Classified as EN 910 design of bending test specimen

RESULT and DISCUSSION
To measure the standard joint strength, MIG brazing
and tensile testing was conducted first. The experiments
showed that most of the tensile test specimens fractured at the
base materials. It was obvious that the joint zone was
strengthened. Having examined the strength values in Table 4,

(60×𝑈𝑈𝑈𝑈)𝜂𝜂
𝑉𝑉

Voltage
[V]

Figure 2. Classified as EN 895 design of tensile test specimen

Figure 1. Front and back appearances of typical joints

𝐻𝐻𝐻𝐻𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 =

Wire Feed
Speed
[m/min.]

The brazed sheet was cut transversally with a fine
diamond-tipped disc, sanded with six sandpapers with a
granulometry from 200 to 1200 mesh, and polished with
alumina paste having a granulometry of 0.3 μm. To determine
the structure of the base metal a solution of nitric acid and ethyl
alcohol (Nital 3%) was used.
In macro and microstructure examinations, stereo
optical microscope, scanning electron microscope (SEM),
SEM/energy dispersive spectroscopy techniques were used.
Hardness values were obtained using a microindentation
hardness tester with a load of 100 g, and a load time of 5 s.
MIG-brazed joints were mechanically characterized by tensileshear and bending force testing. Shape and dimension of
tensile-shear and bending specimens are shown on Figure 2-3.

Table 2. Chemical composition of the filler metal
Cu(%)

Current
Intensity
[A]

𝐻𝐻𝐻𝐻𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙
𝑒𝑒
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it was observed that strength increased with the increase of
brazing gap. When analyzed bending test results, no fracture
was observed in the joint zone.

melt and migrate, and to become distributed throughout the
filler metal zone

Table 4. Experimental results for different MIG-brazing gap
Brazing

Tensile

Bending

Heat

gap [mm]

strength [MPa]

Force [N]

input [j/cm]

0

608

690

1399

0,3

614

725

1399

0,5

638

740

1399

Figure 4 shows the measured microhardness value of the joints
for different brazing gap. It was seen that microhardness value
was highest at HAZ and the HAZ hardness was higher than that
of the copper filler and base material.

Hardness HV0.1

450
400
350
300
250
200
150
100
50
0

1

6

11
16
21
26
Distance (mm)
0 mm 0.3 mm 0.5 mm

31

Figure 6. SEM images for MIG brazing of DP600 with CuAl8

The chemical composition of brazing was investigated using
SEM and EDX analysis, as shown in Figure 7.

Figure 4. Hardness profile in Heat Affected Zone in DP600 steel.

Macro appearance of the weld seams for different MIG-brazing
currents are shown in Figure 5.

0mm

0,3mm

0,5mm

Figure 5. Macro appearance of the brazing seams for different MIGbrazing gap

Element (wt %)
Al
Si
Cr

Point

Microstructure appearance of the brazing seams for different
MIG-brazing gap are shown in Figure 6.

Mn

Fe

7.637 0.114 0.189 0.179 74.697
1
7.586 0.274 0.157 0.078 5.474
2
6.890 0.645 0.563 0.370 61.479
3
Figure 7. EDX chemical analysis of the brazed
dendrite(1), copper matrix(2),small dendrite(3).

EDX chemical analysis of the brazed seams are shown in
Figure 7. During the arc brazing process, it was observed that
the number of dendrites increased on the surface of the joint
zone. These dendrites’ action caused micro iron particles to

.
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Cu

Zn

14.273 0.390
83.132 0.173
26.397 0.344
seams in big

[11] Varol F, Ferik E, Ozsarac U, Aslanlar S, Influence of
current intensity and heat input in Metal Inert Gas-brazed
joints of TRIP 800 thin zinc coated steel plates. Mater
Des 52 (2013) 1099–1105.

CONCLUSION
This work has presented an investigation on the effects of
strength of brazing gap. The conclusions from this study can be
driven as follows;
1- MIG-brazing method provided lower heat input in
comparison with other fusion methods.
2- It was observed that strength increased with the
increase of brazing gap. When analyzed bending test results, no
fracture was observed in the joint zone.
3- SEM images confirmed that the increase of iron
diffusion brought about stretching of dendrites like branches.
Additionally, increase of dendrites resulted in increase of
hardness and strength.
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The DP 600 steel enables both a reduction in vehicle
weight, an increase in strength for those carrying greater loads,
and provides thinner application thickness [5].
The DP 600 steel was reported as being used in
Arcelor Mittal automobile applications, in parts such as seat
flange, wheel, wheel webs, light weighted longitudinal rails,
shock towers, and fasteners [4-5].

ABSTRACT
In this study, DP 600 (Dual Phase) steel plates having
1 mm thickness were joined by copper-based (CuAl8) wire in
gas metal arc brazing technique. Specimens were prepared in
joining forms as overlap joint. Brazing operations were done
with five different Brazing gap of 0, 0.3, 0.5, 0.8 and 1 mm.
CuAl8 wire composed largely of copper serves as the filler
metal were used. Having accomplished the brazing operations;
tensile properties of joints were detected, and micro and macrostructures of joints were investigated in order to see the
joinability of DP 600 steel by gas metal arc brazing technique.

The car assembly industries have recently been using
zinc-coated carbon steel sheets in passenger car bodies because
they combine good mechanical properties, good corrosion
resistance and low purchase cost of this material [6].
Galvanized DP steel sheets are widely used in
construction with corrosion resistance and especially in the
automotive industry [7].
In car assembly, where conventional welding
processes like gas metal arc welding (GMAW) are used, the
zinc coating is subject to severe evaporation and oxidation,
leaving the weld bead and part of the base metal unprotected
against subsequent oxidation. To reduce the risk of zinc
evaporation, new welding processes with a low heat supply
have begun to gain ground, for example MIG-brazing, which
combines the advantages of the MIG process (high deposition
rate, high welding speed and adaptable to automation) and
brazing (without any intense fusion of the welded parts and
without any appreciable alteration of the mechanical properties
of the base metal and the coating applied) [8].
In this paper, Mechanical Properties of overlap Joint
Form in MIG-Brazed Joints of DP600 Thin Zinc Coated Steel
Plates Using Different Brazing Gap were studied by using
copper based filler and it is found that the joint strength is
higher than that of the base materials [9-10].

INTRODUCTION
Recently, it becomes important in automotive industry
to improve gas mileage by reducing total weight of vehicles
while maintaining their level of safety. Therefore, using high
strength materials, which provide higher strength for
automobile body parts, has rapidly increased in the sheet metal
industry [1].
Dual phase steels are among the most important
advanced high strength steel (AHSS) products recently
developed for the automotive industry. This group of steels is
very interesting for light weight constructions because it
combines a high ultimate strength with a high fracture strain
[2].
The dual phase DP 600 steel, which is among the
steels developed within the scope of measures to provide fuel
saving, has become a product widely used in automotive
industry [3-4].
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Where η MIG : 0.7 is the arc efficiency factor, e:
thickness (mm) U and I are the mean values for the arc voltage,
respectively for the current intensity and V (cm/dk) is the
brazing speed [11]. MIG-brazing process parameters such as
current intensity, voltage, wire feed speed, shielding gas at a
flow rate of 12 L/min, brazing travel speed and brazing gap
were presented in Table 3. All MIG-brazing tests were
performed automatically on a machine with a robot.

EXPERIMENTAL WORK
A zinc coated DP 600 dual phase automotive steel which was
mainly ferritic with a fraction of hard phases of martensite was
used in this study. The chemical composition of the steel was
given in Table 1. In the tests the steel plates were 1 mm
thickness, with 7.5 μm zinc coating. DP 600 steel plates were
cut 200x200x1mm on Fig. 1. The sheets were positioned
overlap to allow gaps between them 0, 0.3, 0.5, 0.8 and 1 mm,
and were subjected to joining by MIG-brazing process. The
filler metal was a solid wire with a diameter of 1 mm, classified
as AWS ERCuAl8, which is a copper-based, torch angle of
45°. Argon was used as the shielding gas at a flow rate of 12
L/min. The chemical composition of filler wire was given in
Table 2.

Table 3. MIG-brazing process parameters.
MIG-brazing parameters

Table 1. Chemical composition of DP 600 galvanized steel
C
(%)
0.091

Si
(%)

Mn
(%)

0.239

1.858

P (%)

S (%)

0.011

0.001

Cr
(%)
0.573

Mo
(%)

Ni
(%)

Al (%)

0.004

0.024

0.039

Fe (%)
96.282

Cu
(%)

Nb
(%)

V
(%)

N (%)

B (%)

Sn
(%)

Ti
(%)

AlZO
(%)

0.012

0.001

0.004

0.0035

0.0001

0.001

0.002

0.038

Al (%)

Mn(%)

Fe (%)

Sn (%)

Rest

8

<0.5

<0.5

<0.5

Wire Feed
Speed
[m/min.]

Voltage
[V]

Shielding
gas
[L/min.]

Travel
Speed
[cm/min.]

Brazing
Gap
[mm]

65

3,4

12,3

12

24

0

65

3,4

12,3

12

24

0,3

65

3,4

12,3

12

24

0,5

65

3,4

12,3

12

24

0,8

65

3,4

12,3

12

24

1

The brazed sheet was cut transversally with a fine
diamond-tipped disc, sanded with six sandpapers with a
granulometry from 200 to 1200 mesh, and polished with
alumina paste having a granulometry of 0.3 μm. To determine
the structure of the base metal a solution of nitric acid and ethyl
alcohol (Nital 3%) was used.
In macro and microstructure examinations, stereo
optical microscope, scanning electron microscope (SEM),
SEM/energy dispersive spectroscopy techniques were used.
Hardness values were obtained using a microindentation
hardness tester with a load of 100 g, and a load time of 5 s.
MIG-brazed joints were mechanically characterized by tensileshear and bending force testing. Shape and dimension of
tensile-shear and bending specimens are shown on Figure 2-3.

Table 2. Chemical composition of the filler metal
Cu(%)

Current
Intensity
[A]

Melting temperature
range (oC)
1030-1035

Figure 1. Front and back appearances of typical joints

The surface of the samples was cleaned by acetone
before MIG-brazing. Five sets of welding parameters of
different heat inputs were selected, as shown in Table 3. The
heat input, HI is calculated using the equation:
𝐻𝐻𝐻𝐻𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 =

Figure 2. Classified as EN 895 design of tensile test specimen

(60×𝑈𝑈𝑈𝑈)𝜂𝜂
𝑉𝑉

𝐻𝐻𝐻𝐻𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 =

Figure 3. Classified as EN 910 design of bending test specimen

𝐻𝐻𝐻𝐻𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙

RESULT and DISCUSSION

𝑒𝑒
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Figure 5. Macro appearance of the brazing seams for different MIGbrazing gap

To measure the standard joint strength, MIG brazing
and tensile testing was conducted first. The experiments
showed that most of the tensile test specimens fractured at the
base materials. It was obvious that the joint zone was
strengthened. Having examined the strength values in Table 4,
it was observed that strength increased with the increase of
brazing gap. When analyzed bending test results, no fracture
was observed in the joint zone.

Microstructure appearance of the brazing seams for different
MIG-brazing gap are shown in Figure 6.

Table 4. Experimental results for different MIG-brazing gap
Brazing

Tensile

gap [mm]

strength [MPa]

Bending

Heat

Force [N]

input [j/cm]

0

608

1348

1399

0,3

614

1340

1399

0,5

638

1324

1399

0,8

609

1309

1399

1

590

1338

1399

Figure 6. SEM images for MIG brazing of DP600 with CuAl8

The chemical composition of brazing was investigated using
SEM and EDX analysis, as shown in Figure 7.

Figure 4 shows the measured microhardness value of the joints
for different brazing gap. It was seen that microhardness value
was highest at HAZ and the HAZ hardness was higher than that
of the copper filler and base material.
500
400
Hardness HV0.1

300
200
100
0

1

6

0 mm

11

16
21
Distance
0.3 mm 0.5 mm

26

31

0.8 mm

36
1 mm
Element (wt %)

Figure 4. Hardness profile in Heat Affected Zone in DP600 steel.

Point
Al

Macro appearance of the brazing seams for different MIGbrazing gap are shown in Figure 5.

Si

Cr

Mn

Fe

Cu

Zn

1

-

-

-

1.892

98.108

-

-

2

6.548

-

-

0.709

85.244

7.499

-

3

7.393

-

-

0.303

81.285

11.019

-

4

7.991

0.745

-

0.485

26.655

64.124

-

5

8.090

-

-

-

6.518

85.391

-

Figure 7. EDX chemical analysis of the brazed seams in big
dendrite(1), copper matrix(2),small dendrite(3).
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Lı R F, Yu Z S, Qı K. Interfacial structure and joint
strengthening in arc brazed galvanized steels with copper
based filler. Transactions of Nonferrous Metals Society
of China 16(2006) 397-401
[10] Yu Z S, Qıan Y Y, Lı R F, Zhou F M. Surface wetting
and interfacial behavior in arc brazing for titanium alloy.
Materials Science and Technology, 2003, 10: 1399-1402.
[11] Varol F, Ferik E, Ozsarac U, Aslanlar S, Influence of
current intensity and heat input in Metal Inert Gas-brazed
joints of TRIP 800 thin zinc coated steel plates. Mater
Des 52 (2013) 1099–1105.
[9]

EDX chemical analysis of the brazed seams are shown
in Figure 7. During the arc brazing process, it was observed
that the number of dendrites increased on the surface of the
joint zone. These dendrites’ action caused micro iron particles
to melt and migrate, and to become distributed throughout the
filler metal zone.
CONCLUSION
This work has presented an investigation on the effects of
strength of brazing gap. The conclusions from this study can be
driven as follows;
1- MIG-brazing method provided lower heat input in
comparison with other fusion methods.
2- It was observed that strength increased with the
increase of brazing gap but it decreased between 0.8 and 1 mm
brazing gap. When analyzed bending test results, no fracture
was observed in the joint zone.
3- SEM images confirmed that the increase of iron
diffusion brought about stretching of dendrites like branches.
Additionally, increase of dendrites resulted in increase of
hardness and strength.
REFERENCES
[1]

[2]

[3]

[4]

[5]

[6]

[7]
[8]

Ozturk F, Toros S, Kilic S. Tensile and spring-back
behavior of dp600 advanced high strength steel at warm
temperatures. Iron Steel Res Int, 2009, 16(6): 41.
Kadkhodapour J, Butz A, Ziaei-Rad S, Schmauder S. A
micro mechanical study on failure initiation of dual
phase steels under tension using single crystal plasticity
model. International Journal of Plasticity 27 (2011)
1103–1125
Zhang X Q, Chen G L, Zhang Y S. Characteristics of
electrode wear in resistance spot welding dual-phase
steels. Material and Design, 2008, 29; 279.
Arcelor Mıttal. Automotive Worldwide, Dual Phase and
Complex Phase Steels, Very High Strength Steels:
European Edition [R/OL]. Luxembourg: ARCELOR
MITTAL,2008[2010-05-01].
http://www.arcelormittal.com/automotive/products/europ
e/sheets/K_ EN. Pdf.
Hayat F. Comparing Properties of Adhesive Bonding
Resistance Spot Welding and Adhesive Weld Bonding of
Coated and Uncoated DP 600 Steel. Journal of Iron and
Steel Research, Internatıonal. 2011, 18(9): 70-78
Bıan Jun. Zhu Yun, Lıu Xiang-hua, et al. Development
of hot dip galvanized steel strip and ıts application in
automobile industry. Iron Steel Res Int, 2006, 13(3): 47.
AWS. Welding Processes, Welding Handbook Vol. 2,8th
ed. Miami: AWS, 1991.
Rangel A F, Matlakhova L A, Da Rocha Paranhos R P,
Matlakhov A N. Evaluation of MIG-brazing welded joint
by means of metallographic techniques. Welding
International 2006 20 (11) 889–893

150

CONFERENCE ON ADVANCES IN MECHANICAL ENGINEERING ISTANBUL 2016 – ICAME2016
11-13 May 2016, Yildiz Technical University, Istanbul, Turkey

INVESTIGATION OF SHADING EFFECT ON THE PERFORMANCE OF SOLAR
PONDS WITH RECTANGULAR CROSS SECTIONS
* Alibakhsh Kasaeian
Department of Renewable Energies, Faculty of
New Science and Technologies, University of
Tehran, Tehran, Iran.

Fathollah Pourfayaz
Department of Renewable
Energies, Faculty of New
Science and Technologies,
University of Tehran, Tehran,
Iran.

Mohamad Aramesh
Department of Renewable Energies, Faculty of
New Science and Technologies, University of
Tehran, Tehran, Iran.

Reza Danesh Azarian
Department of Renewable
Energies, Faculty of New
Science and Technologies,
University of Tehran, Tehran,
Iran.

Soudabeh Golzari
Department of Renewable
Energies, Faculty of New
Science and Technologies,
University of Tehran, Tehran,
Iran.

Keywords: Solar energy, Salt gradient solar pond, Shading effect
* Corresponding author:, +989121947510:, Fax: +9888617087
E-mail address: akasa@ut.ac.ir

ABSTRACT

INTRODUCTION

Considering the huge energy demand of the world and its
fast growing rate, renewable energies are being developed
worldwide in many different types and applications. One of the
most common types of renewable energies is solar energy. Salt
gradient solar pond is a solar energy saving system which
absorbs and keeps thermal energy of the sun. According to
energy source of this system, the shadow created inside the
pond have an undesirable effect on performance of it, especially
in small and laboratory scale ponds. In this article the shading
effect in ponds with rectangular cross section, which are the
most common types of pond structures, have been investigated
thoroughly. All the parameters which can result in creating of
shadow have been studied and some relations have been derived
that can calculate the exact shaded areas in every depths of the
pond and every time of the day. As the results of this study,
energy efficiency of the heat storage zone have been calculated
considering the shading effect and then have been compared
with experimental data reported in previous studies. The
theoretical results, using the derived equations, predicted the
experimental energy efficiency with less than 3% error.

Salt gradient solar pond (SGSP) is a solar thermal energy
saving system. The characteristics of this system makes it a
perfect choice for the purpose of energy saving [1]. It can
absorb the thermal energy of the sun in all of the seasons [2].
Also, this system can keep the absorbed energy for a long time
[3]. During past years, solar ponds have been constructed and
operated successfully in Europe, USA, Australia and other
countries in the world [4].
An SGSP consists of three different layers: “the upper
convective zone (UCZ), the non-convective zone (NCZ), and
the lower convective zone (LCZ)” which are shown in Fig. 1
[5]. The UCZ layer is placed at the top of the other layers. This
layer has the lowest temperature and salt concentration. The
NCZ layer is placed between the UCZ and LCZ layers. The
temperature and salt concentration of this layer increases with
depth. Finally, the LCZ layer is placed at the bottom of the pond
and has the highest temperature and salt concentration among
all the layers [6]. The thermal energy of the sun is absorbed in
the LCZ layer and its temperature increases. The existence of
salt concentration gradient in the NCZ layer prevents the
convection phenomenon and the absorbed thermal energy will
be trapped in the LCZ layer [7].
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Where Q solar is the amount of the thermal energy of the sun
which enters to the pond at the depth of X i (W), E is the total
solar energy flux (W/m2) in the location of the pond, β is the
fraction of the total energy flux that enters the pond, A i is the
sunny area at the depth of X i (m2), and h(X i ) is the fraction of
the entered energy to the pond which passes through the depth
of X i .
The parameter A i reveals the shadow effect on the
performance of a pond. This parameter is equal to the surface
area of the pond which is under the direct radiation of the sun.
Thus, in any desired depth of the pond, the shaded area must be
found and subtracted from the ponds’ cross section to calculate
the exact value of A i . In this paper, two common types of
SGSPs are studied which will be discussed in the next sections.

FIG. 1. SCHEMATIC OF DIFFERENT LAYERS OF An SGSP
[5]

According to the mechanism of an SGSP, it needs to be
exposed to direct sunlight, to capture its thermal energy.
Therefore, the creation of a shadow inside the pond can lead to
a bad performance of this system [8]. The walls of a pond create
a shadow inside the pond during each day. Hence, the
theoretical methods for predicting the performance of an SGPS
must consider the shading effect in their calculations [9]. Some
of the previous studies on the performance of solar ponds are
mentioned below.
Jafarzade studied the shading effect in a rectangular pond
with vertical walls in 2004. The results predicted an overall
efficiency of 10% considering the shading effect [10]. In 2008,
Karakilcik et al. investigated the exergetic performance of a
solar pond theoretically and experimentally. They reported that
the exergy efficiencies were lower than the energy efficiencies
because of the heat losses to the surroundings [11]. Bozkurt et
al. studied theoretically the energy efficiency of solar ponds
with different geometries in 2014. The results revealed that the
energy efficiency of the pond increases with increasing the size
of the pond [12]. In another study, Bozkurt et al. presented a
new energy analysis method for solar ponds. They used the
Heat 2 software to calculate the heat losses of the pond. They
compared the theoretically calculated energy efficiencies with
the experimental data and showed that they are in a good
agreement with each other [13].
In some of the previous literature, the shading effect is
neglected and in those which have considered this effect, it is
not calculated precisely. In this article, some relations are
derived for the first time to calculate the exact sunny areas of
the rectangular ponds with vertical and inclined walls.

SOLAR ANGLES
Before deriving the relations from calculating the exact
sunny areas of the rectangular ponds, it is needed to investigate
the solar angles. In the rectangular ponds, two solar angles are
effective on the walls shading which are the azimuth angle and
the incident angle. These angles are dependent on the location
of the pond and the time in which the calculations are being
done. This dependency can be found by the relations between
these angles. Eqs. (2) and (3) show the relations for calculating
the solar azimuth and incident angles [16].

(2)

(3)

where θ is the incident angle, δ is the declination angle, ϕ is
the latitude of the ponds’ location, β is the tilt angle of the pond,
γ is the ponds’ surface azimuth angle, ω is the hour angle, γ s is
the solar azimuth angle, and sign(ω) is the sign function of the
hour angle. Fig. 2 demonstrates θ, β, γ and γ s angles [16]. As it
can be seen in this figure, the solar azimuth angle changes in a
horizontal surface which is parallel to the ponds’ cross section
and the solar incident angle changes in a vertical surface which
is perpendicular to the cross section. Therefore, the solar
azimuth angle doesn’t have any impact on the size of the
shadow, but it specifies the shape of shadow inside the pond.

THE SHADING EFFECT
To consider the shading effect in the theoretical
calculations, the energy analysis of solar ponds must be studied.
In one of the common theoretical energy analysis methods of
solar ponds, Eq. (1) is used as the primary relation [14, 15].

(1)
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TABLE 1. DAY NUMBERS

Reversing the solar incident angle only effects on the size of the
shadow and is not effective on its shape.

Month
January
February
March
April
May
June

Date
1st
1st
1st
1st
1st
1st

Day No. Month
1
July
32
August
60
September
91
October
121 November
152
December

Date
1st
1st
1st
1st
1st
1st

Day No.
181
213
244
274
305
335

For calculating the hour angle, Eq. (6) can be used [17].

(6)

where t is the local solar time (s). Eq. (7) is the relation to
find the local solar time [16].

(7)
FIG. 2. A SCHEMATIC SHOWING THE SOLAR ANGLES [16]

where the standard time is the clock time in the local
meridian (min.), L st is the longitude of the local meridian
(degree), L loc is the longitude of the ponds’ location (degree)
and E shows the equation of time (min.). The equation of time
can be calculated by Eq. (8) [17].

In this article, it is assumed that one of the pond walls is
faced to the south direction, thus the surface azimuth angle
equals to zero and only the solar azimuth angle is considered in
the calculations. For other circumstances, the summation of the
solar and surface azimuth angles must be used in further
relations. According to the configuration of solar ponds, their
tilt angle (β) equals to zero. Therefore Eq. (2) reduces to Eq.
(4).

(8)

where B is a parameter which represents each day of a year
as an angle (degree) and can be found using Eq. (9) [17].

(4)
(9)
To calculate the solar azimuth and incident angles using
Eqs. (3) and (4), the mentioned parameters in those equations
must be found. The latitude angle is determined by the location
of the pond. For other angles, i.e. the declination and hour
angles, there are some relations to calculate them. Eq. (5) shows
a relation for calculating the declination angle [17].

Eqs. (7) to (9) calculate the local solar time in minute unit,
and for using it in Eq. (6), its value must be converted to
seconds. Therefore, through Eqs. (2) to (9) the values of the
solar incident and azimuth angles can be calculated in any
location, time of a day and day of a year.
An important point is that the refraction angles of the solar
angles are effective inside the pond. This is because of the
changes of the medium through which the light is passing.
Therefore, the refraction angles must be used for the
calculations inside the pond. The refraction angles can be found
using the Snell’s law which is in the form of Eq. (10) [16].

(5)

where n is the day number which is defined by Table 1 for
the latitudes below 66.5 degree [18].
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(10)

(14)

where n i and n r are the refraction indexes of the two
medias and θ r is the refraction incident angle. Here the first
medium is air and the second medium is water and the
refraction indexes are equal to 1.0000 and 1.3330, respectively
[8]. Thus, the refraction incident angle can be found using Eq.
(11).
By calculating the values of x’ and y’, the shaded surface
area can be found and by subtracting it from the pond cross
section, the exact sunny area can be calculated. Considering L,
as the length of the pond in the north to south direction, and W,
as the width of the pond in the east to west direction, the exact
sunny area of a rectangular pond with vertical walls can be
calculated using Eq. (15).

(11)

Also, Eq. (11) can be rewritten for the azimuth angle to
find the refraction azimuth angle. Based on these descriptions,
the relations of calculating the exact sunny areas for rectangular
ponds will be derived in the next sections.

(15)

RECTANGULAR PONDS WITH VERTICAL WALLS
Here, firstly the ponds with vertical walls are studied and
by modifying the extracted equations, the relations for ponds
with inclined walls will be derived. For a better understanding
of the effects of the solar angles on the created shadow, Fig. 3
shows a schematic of those angles and a rectangular pond with
vertical walls. In this figure, the coordinate axes (blue lines) are
assumed to be parallel to the geographical orientations. One of
the ponds’ walls is assumed to be faced to the south so that the
surface azimuth angle becomes equal to zero. The red vector is
the sunlight beam, the white surface at the arbitrary depth of z’
is the sunny area and the gray surface is the shaded area in that
depth. According to the point that the refraction angles are the
effective angles inside the pond, this figure shows the refraction
angles of the solar incident and azimuth angles. The parameters
of x, y and z compose the sunlight vector. Based on the
geometrical rules, the ratios between a vector components
remain constant in any size and any parts of the vector [19].
This is shown by Eq. (12).

And by replacing the values of x’ and y’, Eq. (15) can be
rewritten in the form of Eq. (16).

(16)

Therefore, the exact sunny areas of a rectangular solar
pond with vertical walls can be calculated in any desired depth
and in any time and location conditions, using Eq. (16).
RECTANGULAR PONDS WITH INCLINED WALLS
The only difference between the ponds with inclined walls
and the ponds with vertical walls, is that in the case of inclined
walls, the cross section of the pond reduces with the depth, and
the shadow thickness reduces too. Therefore, by calculating the
values of x’ and y’ using Eqs. (13) and (14), and by subtracting
the difference of the walls length, between vertical and inclined
cases at the depth of z’, the sunny area can be calculated like
the case of vertical walls. It must be considered that at the same
time, only two of the walls can create a shadow inside the pond.
According to Fig. 4, the length difference between the two cases
can be calculated by Eqs. (17) and (18).

(12)

Where x’ and y’ are the sunlight vector components related
to the depth of z’. Using the triangular functions, the values of
x’ and y’ for the known depth of z’ can be calculated by Eqs.
(13) and (14) [19].

(13)
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FIG. 3. SCHEMATIC OF THE SOLAR REFRACTION ANGLES AND THE SUNNY AND SHADED AREAS OF A RECTANGULAR
POND WITH VERTICAL WALLS

where α is the walls angles to the horizon, d x and d y are
the length differences at the arbitrary depth of z’ in x and y
directions, respectively. Therefore the shadow length in two
directions can be found by using Eqs. (19) and (20).

(17)

(18)

(19)
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(19)
TABLE 2. DIMENSIONS OF THE ASSUMED PONDS

Ponds’ type
Vertical walls
Inclined walls

where x” and y” are the shadow thicknesses in the x and y
directions, respectively.

Walls angle
90º
45º

Length
2m
2m

Width
2m
2m

Depth
1.5m
1.5m

TABLE 3. ASSUMED LOCATION AND TIME CONDITIONS

Condition
Con. 1
Con. 2
Con. 3
Con. 4

City
Tehran
Tehran
Tehran
Istanbul

Date
6th August
6th August
4th February
6th August

Time
8:00 am
12:00 pm
8:00 am
8:00 am

Using the proposed correlations for the rectangular ponds,
the sunny areas of the assumed ponds have been calculated in
the four mentioned conditions and the results are shown in the
form of sunny volume ratio in Table 4. The sunny volume ratio
is defined as the ratio of the volume of the pond which is
exposed to the sunlight, to the total volume of the pond.
FIG. 4. SIDE VIEW OF A RECTANGULAR POND WITH
INCLINED WALLS
TABLE 4. SUNNY VOLUME RATIOS

Pond type
Vertical walls
Inclined walls

Therefore, the sunny area in the rectangular ponds with
inclined walls can be calculated using the ponds’ cross section
area and the shadow thicknesses. Eq. (20) shows the relation to
calculate the exact sunny areas in these types of ponds.

Con.1
0.5137
0.7213

Con.2
0.6013
1

Con.3 Con.4
0.3197 0.1892
0.7029 0.3228

The results shown in Table 4 have two main outcomes.
Firstly, considering the values of the sunny volume ratios and
according to the direct effect of the sunny areas in the energy
relations, neglecting the shading effect can cause high errors in
the energy analysis of the pond. Secondly, in the same time and
location conditions, the ponds with inclined walls have a higher
sunny volume ratio. Therefore, the ponds with inclined walls
can have a better performance than the ponds with vertical
walls. The shaded and sunny areas of the rectangular pond with
inclined walls are shown graphically in Figs. 5 to 7 for the cross
sections of the pond in three different depths. The depths are
0.1m, 0.7m and 1.5m which are the interface between the UCZ
and NCZ layers, the intersection between the NCZ and LCZ
layers, and the bottom of the pond, respectively. In these
figures, the red color shows the sunny areas, the blue color
shows the shaded areas and the green color shows the
surroundings. The surroundings are shown because the cross
section of the pond decreases with depth.

(20)

Thereupon, the sunny areas of rectangular ponds can be
calculated precisely using Eqs. (16) and (20). In the next
section, the results of this study will be presented.
RESULTS AND DISCUSSION
In this section, firstly the shading effect is discussed and
then the proposed relations are used to calculate the amount of
the solar thermal energy entering a pond and the results are
compared with experimental data. Here, two rectangular ponds
with specified dimensions are considered to investigate the
shading effect. The dimensions of the ponds are listed in Table
2. Also, four different combinations of time and location
conditions are determined which are shown in Table 3.
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FIG. 7. DEMONSTRATION OF THE SUNNY AND SHADED
AREAS IN THE POND WITH INCLINED WALLS IN 1.5m
DEPTH
a) Con. 1 - b) Con. 2 - c) Con. 3 - d) Con. 4

FIG. 5. DEMONSTRATION OF THE SUNNY AND SHADED
AREAS IN THE POND WITH INCLINED WALLS IN 0.1m
DEPTH
a) Con. 1 - b) Con. 2 - c) Con. 3 - d) Con. 4

Figs. 5 to 7 show the effect of the solar incident and
azimuth angles on the size and shape of the shadow. It is more
obvious in Fig. 6. The solar incident angle has the lowest value
for Con. 2 and there is no shadow created inside the pond. This
angle has the highest value for Con. 3 and the size of the
shadow inside the pond at this condition is bigger than the other
conditions. But, for the solar azimuth angle, it is not clear which
condition has the lowest or highest value. Because the profile
for Con. 2 has no shadow and it is impossible to compare the
value of this angle for this condition with other conditions. But,
based on the movement of the shadow toward the left direction,
it can be concluded that the value of the azimuth angle in Con. 3
is more than Con.1, and in Con. 1 is more than Con. 4.
In the second part of the results, the proposed relations
have been used to calculate the energy efficiency of the LCZ
layer and the theoretical results are compared with the
experimental data from previous studies. Karakilcik et al. have
measured the energy efficiency of a rectangular pond with
vertical walls in the Adiyaman region, Turkey. The data of this
pond have been gathered from different works of him and his
colleagues [8, 20, 21]. Using these data, the energy efficiency of
the LCZ layer are calculated by the proposed equations for the
shading effect. The theoretically calculated efficiencies are
compared with the experimental data for three months of
January, May and August. The results are given in Table 5 and
shown graphically in Fig. 8. These results show that, by
considering the shading effect precisely, the energy analysis can
predict the performance of a solar pond with a good accuracy.

FIG. 6. DEMONSTRATION OF THE SUNNY AND SHADED
AREAS IN THE POND WITH INCLINED WALLS IN 0.7m
DEPTH
a) Con. 1 - b) Con. 2 - c) Con. 3 - d) Con. 4
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TABLE 5. COMPARISION OF THE THEORETICAL RESULTS
WITH THE EXPERIMENTAL DATA

Month
January
May
August

Experimental
efficiency [8]
9.68%
17.54%
28.11%

(8) Two common structural types of solar ponds were
investigated which are the rectangular ponds with
vertical and inclined walls.
(9) The sunny volume ratio were defined and its values
showed that neglecting the shading effect can lead to
high errors in theoretical calculations.
(10) The results indicates that in the same conditions, the
ponds with inclined walls will have a better
performance than the ponds with vertical walls.
(11) Considering the shading effect and using the proposed
relations in this article, the theoretical calculated
energy efficiency of the LCZ layer were compared
with the experimental data. The experimental values of
the energy efficiency were 9.68%, 17.54% and 28.11%
for the months January, May and August, respectively.
The theoretical values were 11.39%, 18.59% and
30.99% for the mentioned months, respectively.
(12) The results show that, using the proposed method, the
energy efficiencies can be calculated theoretically with
less than 3% error.

Theoretical
efficiency
11.39%
18.59%
30.99%

35.00%
30.00%
25.00%
20.00%
15.00%

Theoretical
efficiency

10.00%

Experimental
efficiency

5.00%

NOMENCLATURE

0.00%
January

May

A
B
E
h
L
LCZ
n
NCZ
Q
t
UCZ
W
X
x
x’
x’’
y
y’
y’’
z
z’

August

FIG. 8. GRAPHICAL COMPARISION OF THE THEORETICAL
RESULTS WITH THE EXPERIMENTAL DATA

CONCLUSION
In this paper, the shading effect on the performance of the
solar ponds with rectangular cross section is investigated. The
main conclusions of this article can be summarized into the
items below:
(1) The sunny areas of a salt gradient solar pond have a
magnificent effect on its performance.
(2) It is important to find the exact sunny areas inside a
pond for theoretical analysis.
(3) The walls of a pond create a shadow inside it.
(4) According to the changes in the position of the sun in
the sky, the size and shape of the shadow inside the
pond changes during a day.
(5) The effective solar angels on the size and shape of the
shadow are the solar incident angle and the solar
azimuth angle.
(6) By finding the exact values of those angles and using
geometric relations, the exact value of the sunny areas
of a pond can be calculated at any time and any
location.
(7) In this paper some relations are proposed which can
calculate the sunny areas with high accuracy.

Surface area
Day angle
Irradiance, Equation of time
Radiation transmission
Longitude, Length
Lower convective zone
Day number, Refraction index
Non-convective zone
Solar thermal energy entering the pond
Local solar time
Upper convective zone
Width
Depth
y direction
Length of the shaded area in ponds with vertical walls
Length of the shaded area in ponds with inclined walls
y direction
Width of the shaded area in ponds with vertical walls
Width of the shaded area in ponds with inclined walls
z direction
Depth

Greek Symbols
α
Ponds’ wall angle to the horizon
Fraction of the total energy flux that enters the pond
β
δ
Declination angle
θ
Solar incident angle
ϕ
Latitude
ω
Hour angle
γ
Azimuth angle
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r
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Abstract— Although the multitude benefit of wind power, the randomness of wind speed and the fluctuations of
wind power are the most disadvantages of wind energy. So, for more efficiency and better performances, wind rotor
must be driven at specific optimal rotational speed under each particular wind speed. Therefore, to extract the
maximum power from wind turbine, a Maximum Power Point Tracking (MPPT) controller is required. In this paper,
modeling of wind energy conversion system WECS using tip speed ratio (TSR) MPPT controller using PID
controller tuned by genetic algorithm is investigated. The wind energy conversion is based on a doubly-fed induction
generator (DFIG), which it is controlled by a field-oriented control (F.O.C). The obtained results are presented and
analyzed.

Key words— MPPT controller, PID controller, DFIG, Field-oriented control, wind turbine, tip speed ratio (TSR)

MPPT, genetic algorithm.
1 Introduction

The growing demand of energy and the successive oil shocks since the 70s have demonstrated the economic and
geopolitical risks of energy production based on the exploitation of fossil fuels, whose reserves are unevenly
distributed and exhaustible.
Renewable energy is the energy comes from natural resources such solar energy, wind, rain, tides, geothermal heat
and various forms of biomass .These resources are renewables and can be naturally replenished continuously.
Therefore, development of new forms of energy sources must take a huge consideration as solution in order to cover
the future demands and the huge disturbances. Wind energy source is regarded as one of the most important
renewable energy source; it can be used today in many applications. Due to previous, many countries have made
great progress in wind power technology such as Denmark which produces 40% of its electricity from wind, and at
least 83 other countries around the world are using wind power to supply their electricity grids. The global wind
power capacity expanded 16% to 369,553 MW. As shown in fig.1 and

the Worldwide electricity generation from

wind is presented in fig.2.
This paper presents modeling and simulation of wind energy conversion system (WECS), which it driven by tip
speed ratio (TSR) MPPT controller based on genetic algorithm. This paper is organized in fourth parts: The first part
shows modeling of wind turbine, the second part presents the tip speed ratio (TSR) MPPT controller [16-18]. The
third part shows the DFIG model and control based on Field-oriented control strategy (FOC). The discussion and
analysis are presented in the fourth part.
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Fig. 1 Global wind power cumulative capacity
2.

Fig. 2 Worldwide electricity generation from wind

Modeling of wind generator

2.1 Wind Turbine Model
The mechanical power extraction from the wind can be expressed as follows[23]:
1
3
(1)
Paer = C p (λ , β ) ρ Svwind
2
Where:P aer is the extracted power from the wind turbine;
ρ : is the air density ( kg / m

3

);

S

: is the turbine swept area ( m 2 ) ;

v wind : is the wind speed ( m s );

β : Blade pitch angle (deg);

C p : is the performance coefficient of the turbine, C p is often given as a function of the tip speed ratio λ;

λ : is the ratio of blade tip speed to wind speed deﬁned by
λ=

RΩt
Vwind

(2)

Ω: the wind turbine rotational speed (rad /sec); R: the wind turbine radius.
The expression of the power coefficient Cp is given by the following equation (Cp for turbine 3 MW [23]:
C p (λ , β ) =

( 0.35 − 0.0167( β



π ( λ + 0.1)
− 2) ) sin 
 − ( 0.00184 ( λ − 3 ) ( β − 2) )
14.34
0.3(
β
2)
−
−



(3)

The power coefficient of two wind turbine 1.5 MW and 3 MW for different pitch angles β is presented in Figure.3
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2.2.MPPT Controller using PID controller tuned by genetic algorithm
The produced power from a given wind turbine depends mainly on wind speed, speed ratio. As these quantities
vary with time, maximum power point tracking control algorithm is necessary to control and adjust continuously the
rotor speed to the corresponding MPP value at any given time and under rapidly varying environmental conditions.
From fig3 and 4 , there is a unique operating point called the maximum power point (MPP), where the power
generation is maximum. The block diagram of speed ratio (TSR) MPPT controller using PID controller tuned by
genetic algorithm is shown in Fig.4:

Genetic algorithm

Fig. 5 The MPPT controller

Fig. 6. The block diagram of proposed Genetic speed ratio (TSR) MPPT controller
The genetic algorithms are a family of computational models inspired by evolution and is a search heuristic that
mimics the process of natural selection, which is routinely used to generate useful solutions to optimization and
search problems. These algorithms encode a potential solution to a speciﬁc problem on a single chromosome and
apply recombination operators to them so as to preserve critical information.
The PID controller genetic algorithm tuning procedure is designed, and then is embedded into wind energy
conversion system, which the ﬁtness of each chromosome is evaluated by converting its binary string into a real
value which represents PID gains. Each set of PID parameters is passed to PID controller in order to compute a
complete response of the system as described in Fig. 6 .
2.3 Doubly- Fed-Induction Generator Model
The general model of the DFIG obtained using Park transformation is given by the following equations [17-18]
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d

− Rs .I ds +
φds - ωsφqs
Vds =
dt

V = -R .I + d φ + ω φ
s
qs
qs
s ds
 qs
dt

d
V
Rr .I dr +
=
φdr - ωrφqr
 dr
dt

d
Vqr
Rr .I qr +
=
φqr + ωrφdr
dt


(7)

− Ls .I ds + M .I dr
φds =
φ =
− Ls .I qs + M .I qr
 qs

Lr .I dr − M .I ds
=
φdr
φqr
Lr .I qr − M .I qs
=


(8)

Fig. 5 The Wind Turbine System
To achieve a stator active and reactive power vector independent control, by orienting the reference (d,q) so that
the axis is aligned with the stator flux [16-17], the following solutions can be obtained:
(11)
0
=
φds
φ=
and
φqs
s
− Ls .I ds + M .I dr

φs =

=
−
Ls .I qs + M .I qr
0



(12)

In steady state operation the voltage expressions are:


M2 
=
Rr .I dr - gωs  Lr −
Vdr
 I qr
Ls 



2
V =R .I + gω  L − M  I + gω M φs
 dr
r
qr
s  r
s
 qr
Ls 
Ls



(20)

Figure 6 and è show the performance of the active and reactive power control.
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Fig. 6 Active power of DFIG using F.O.C
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3. Simulation results

The simulation results showing the efficiency of the proposed MPPT controller are presented
following figures, which wind speed proﬁle applied on wind energy conversion system is showin
in figure 8. From figure 9 , its clear that we have reached the maximum power coefficient 0.35
(confimed from turbine DATA) , consequently the wind turbine operates at its optimal power.
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Fig. 6 Produced wind turbine using proposed MPPT controller

4. Conclusion
In this paper, extraction of maximum power of wind energy conversion system WECS using tip speed ratio (TSR)
MPPT controller based on genetic algorithm has been presented. The modeling of wind turbine and doubly-fed
induction generator (DFIG), have been demonstrated. Simulation results has been carried out using Simulink/matlab
, which perfect control of active and reactive power has been proved, and the wind energy conversion system
WECS has provided its maximum power and operates at optimal condition under variable wind speed since it driven
by tip speed ratio (TSR) MPPT controller. So wind energy conversion systems WECS can be provide promising
alternative power system improvement.
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Appendix
Parameters of DFIG:
3MW ; 690V/15KV ; 50Hz;;Nm=1440;
m=1; Lfs=121e-6; Lfr=57.3e-6; Lm=12.12e-3;
Ls=Lfs+Lm; Lr=Lfr+m^2*Lm; M=m*Lm;
Rs=0.00297;Rr=0.00382;Jg=114;fg=0.0071;p=2;
Parameters of wind turbine:
ρ=1.225;R=45; β =2; G=100; f t =0.0024; t=(1.4e6/G^2+Jg);
λ_max=7.07; Cp_max=0.35;
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Abstract— The performances of the photovoltaic system are
very dependent on different conditions, such as solar irradiation,
temperature,
etc.
So
it
is
very
important
to
provide detailed studies for different cases in order
to provide continuously power, so the photovoltaic system must
be properly sized. This paper presents the modelling and
simulation of the photovoltaic cell using single diode model. I-V
characteristics and P-V characteristics are presented and it
verified at different conditions (irradiance effect, temperature
effect, series resistance effect).
Keywords— Photovoltaic Cell, BP SX 150 BP Solar photovoltaic
module, Irradiance Effect, Temperature Effect,
Series resistance Effect, I–V characteristics, I–V characteristics.

I. INTRODUCTION
Today, energy production is a challenge of great importance
for the future. Moreover, developing countries will need more
and more energy to carry out their development. Today, much
of the world energy production is provided from fossil source,
but the successive oil shocks and price fluctuations have
demonstrated the need of alternatives energy source.
Despite the great efforts made to develop new sources of
energy, the rapid consumption growth and development
lifestyles have shown the need for new of new energy forms
which more efficiency. To these reasons, many countries have
turned to new forms of green energy called "renewable
energy"
that
are
currently
too
expensive
and relatively inefficient, such as wind, sunlight, rain, tides
and geothermal heat.
These renewable generators
are
typically
coupled
to
a
storage
system ensuring continuous availability of energy [1-2].
Solar energy which is free and abundant in most parts of the
world has proven to be an economical source of energy in
many applications. Photovoltaic (PV) power generation has
been receiving considerable attention as one of the most
promising energy generation alternatives [3-7].

Photovoltaic systems are employed today in several
applications such as water pumping , supply in rural areas,
pumping,… [8-9], etc.
In this Paper, we present the modelling and the simulation of
Photovoltaic cell based on single diode model. I-V and P-V
characteristics
curves
are
obtained
with the BP SX 150 BP Solar photovoltaic
module with 72 solar cells, in which different effects have
been studied, such as irradiance effect, temperature effect,
series resistance effect [10].
II. MODELING THE SOLAR CELL
The photovoltaic effect was ﬁrst discovered by French
scientist Edmond Becquerel in 1839, who found that certain
materials would produce small amounts of electric current
when exposed to light. PV has since been used for a number
of different applications but its high cost initially led to
specialization in remote power applications.
Photovoltaic is the direct conversion of light into electricity.
It uses materials which absorb photons of lights and release
electrons charges. It can be used for making electric
generators. The basic element of these generators is named a
PV cell.
A. Photovoltaic cell
A photovoltaic cell or photoelectric cell is a semiconductor
device that converts light to electrical energy by photovoltaic
effect. If the energy of photon of light is greater than the band
gap then the electron is emitted and the flow of electrons
creates current[10]. Based on semiconductor technology, solar
cells operate on the principle that electricity will flow between
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two semiconductors when they are put into contact with each
other and exposed to light (photons).

Based on figue.3 the the output current of the solar cell can be
given by [3,10-11].:

(1)
Where:
I ph is the current generated by the incident light (it is directly
proportional to the Sun irradiation),
I d is the Shockley equation

and it can be expressed as:

(2)

Fig. 1. Photocurrent generation principle.
The current through the parallel resistor Rp is given by:
B. Photovoltaic cell Components of a solar PV system
A typical solar PV system consists of solar panel, charge
controller, batteries, inverter and the load. Figure 2 shows the
block diagram of such a system.

(3)
I 0 is the reverse saturation or leakage current of the diode, it
can be expressed as:

(4)
V T is the thermal voltage and it can be expressed as

(5)
Where:
e is the electron charge (1.60217646 × 10−19 C),

Fig. 2.Block diagram of typical solar PV system

k is the Boltzmann constant (1.3806503 × 10−23 J/K),
n is the diode ideality constant.
C. Photovoltaic modelling
The equivalent model of a PV cell is shown in Fig. 3. It
consists of a light generated current source, a single
diode, a series resistance Rs and a shunt resistance Rsh
[3,10-11].

Rs: series resistance of cell (0.001 Ω).
T: reference cell operating temperature (20 °C).
V: cell output voltage( V).
Rs and Rp are the series and shunt resistors of the cell,
respectively.
Replacing equation 2 and 3 in equation 1, the current to the
load can be given as

(6)
Assuming that the parallel resistance is infinitely, so the
equation becomes:
Fig. 3. Equivalent model of Photovoltaic cell [3,10-11].
(7)
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where, Ns is number of cells in series for a PV module.

(Ipv-V pv ) curve and power versus voltage (P pv-I pv ) for
different conditions.
The electrical characteristics of the PV module are given
in the following table:

(8)
V oc is the open circuit voltage
I sc is the short circuit current and it can be expressed as

(9)
The above equations are valid only for the optimal mode
of operation. To generalize our calculation for different
irradiations and temperature, we use the following equations:

(10)
The light-generated current of the module depends linearly on
solar irradiation and is also influenced by temperature
according to:

Description
Maximum Power (Pm)
Voltage Pmax (Vm)
Current at Pmax (Im)
Short Circuit current (Isc)
Open Circuit voltage (Voc)
Temperature co-eff of Voc
Temperature co-eff of Isc
Temperature co-eff of power
NOCT2

BP SX 150
150W
34.5 V
4. 35A
4.75
43.5
-160 20mV/°c
0.065 0.015°c
-0.5 0.05%°c
47 2°C
Table 1. Electrical Characteristics of BP SX 150 PV Module [10].
A. Irradiance Effect
Fig. 4 and Fig.5 show the current–voltage characteristics I-V
and power–voltage P-V of the PV cell for different levels of
radiation (1000, 800, 600,400,200) w/m2 at constant
temperature (T=25° C). We note that the current Isc increases

(11)

quasi linearly with irradiance and that the voltage Voc

a: is the Temperature coefficient of I SC , G is the

increases slightly.

irradiance (W/m²) and G is the irradiance at standard
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The diode saturation current I 0 of the cell varies with the
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cell temperature can be expressed as shown in (12),

120

(12)
E g is the band gap energy of the semiconductor and I 0 is the
reverse saturation current of a cell at a reference temperature

Module Power (w)

operating conditions.

25°C
50C°
75C°
100C°
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and a solar irradiation , it can be expressed by :
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Fig. 7. P-V curves for various temperatures. (BP SX
150, G = 1 Sun, T = 0, 25, 50 ,75,100°C)

(13)
III. SIMULATION RESULTS
To study the different characteristics of the PV cell and
validate the model presented in previous section, we
have chosen the BP SX 150 BP Solar photovoltaic

6

module
with
72
solar
cells
made
of multi crystalline silicon connected in series to produce a

25°
50°
75°
100°

5

maximum power of 150 W. The electrical characteristic of the

4

Current (A)

PV cell is generally represented by the current versus voltage
3

2

1

0
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Fig. 6. I-V curves for various temperatures. (BP SX
150, G = 1 Sun, T = 0, 25, 50 ,75,100°C)

Then, the maximum electric power PMPP
increases faster than the irradiance, the efficiency is
better for high irradiance.
The reference conditions are generally chosen
with an irradiance of 1,000 W/m 2. In practice, the
It’s clear that when the internal temperature

irradiance on PV without light concentration is
lower, and thus the efﬁciency is lower than its rated

increases, the short circuit current Isc increases
slightly due to better absorption of light but the

value.

open-circuit

B. Temperature Effect

voltage

strongly

decreases

with

temperature. As conclusion PV panels tend to work
Fig.6 and fig. 7 show the effect of temperature

much better in cold weather than in hot climates

variation (25, 50, 75,100 C°) at constant irradiance
(G=1000/m2) on I-V and P-V characteristics
160

respectively where results are much closed to the
200W/m2
400W/m2
600W/m2
800W/m2
1000W/m2

140

real data.
120

C. Series resistance Effect
The series resistance characterizes produced
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Power (w)
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Fig. 5. P-V curves for various irradiation levels ( BP
SX 150, G = 0.25, 0.5, 0.75, 1 Sun , T = 25°C')

voltage and the output current of the solar cell,
so conversion efficiency is limited.
The

influence

of the characteristic series resistance of the solar
cell is shown in figure:
5
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Fig. 4. I-V curves for various irradiation levels ( BP
SX 150, G = 0.25, 0.5, 0.75, 1 Sun , T = 25°C')
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Fig. 8. P-V curves for various Rs ( BP SX 150, Rs =
0.01, 0.02, 0.03, 0.4, G=1 Sun , T = 25°C')
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hot

climates.

We

have showed

that

the

performances of a PV generator are strongly
influenced

by

climatic

conditions,

especially solar radiation and temperature of the PV
module.
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IV. CONCLUSIONS
In this paper, a simpliﬁed model of PV module based on
single
diode
presented, the

model
has
BP SX 150

been
developed
and
BP Solar photovoltaic

module with 72 solar cells has been chosen in order to
estimate the I-V characteristics and P-V characteristics of a
PV module with with 72 solar cells, in which different effects
have been studied, such as Irradiance Effect, Temperature
Effect, Series resistance Effect. We note that the current Isc
increases quasi linearly with irradiance and that the voltage
Voc increases slightly.

For the temperature effect, it’s clear that when the
internal temperature increases, the short circuit
current Isc increases slightly due to better
absorption of light but the open-circuit voltage
strongly decreases with temperature ,so PV panels
tend to work much better in cold weather than in
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ABSTRACT

mechanical and civil industries. They offer great potential
to designers in a variety of areas that require both
strength and lightness, including transportation, marine,
nautical, aeronautical, aerospace, sports, heavy industry,
civil and military. That can change the nature of the
materials fibers and resins (density, mechanical, physical
and chemical properties), which it is possible to design
suitable structures with well-defined applications.

The proposed experimental study aims to describe the variation
of Young's modulus while varied fiber orientation of our
polymer matrix composite reinforced with vegetable fibers. The
jute manufacture fiber in warp and weft direction was
associated by impregnation with a green liquid thermoplastic
resin. Four stack laminated composite specimens were tested in
different orientations in static and dynamic analysis. The
obtained results for the dynamic tests have been highlighted
their approaches in relation to the static test.

The Eco-composites material with a thermoplastic matrix
develops slowly and offering an interesting recycling
potential. Most of these materials require shaping by
compression molding (press or vacuum). Among the
different natural reinforcements used, jute fibers, flax,
alfa, etc. are selected in accordance of their mechanical
performance and availability [2, 3].

INTRODUCTION

Nowadays, environmental protection is becoming a
priority for all. Researchers are considering the
development of new generations of biodegradable
materials that there major rol is consisting to meet the
specifications in order to insure a minimal impact on
ecology [1].

Jute is available in abundance in the eastern part of India
and Bangladesh, has high tensile strength, high sensitivity
to moisture and low thermal and electrical insulation
properties, [4] has also an advantage for the preparation
of the Eco composite with hydrophilic resins [5,6] .The
mechanical properties of the composite jute / epoxy

Thus, the composite Eco-materials know a significant
growth in the last decades, in their applications in
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the case of laminated composite of four layers and this,
for two orientations of jute fibers (warp and weft).

material such as tensile strength, flexural strength, impact
strength and hardness are better by relative to a
composite jute / polyester [7] .the mechanical properties
of the composite prepared based on short jute fibers of a
length ranging between 2 and 3 mm with a proportion of
20% of fiber weight and 80% polypropylene resin were
determined from the flexural strength testing, tensile,
impact, elongation at break [8] where a significant
decrease in bending strength is due to the impact caused
by the damage. A significant number of research
regarding the impact resistance were carried out for the
case of unidirectional laminates composite [9].

Static test

MATERIALS AND EXPERIMENTAL TESTS
Preparation of eco-composite specimen

The experimental study was carried out by using
composite material woven jute fibers (surfacic weight of
390 g m-2) and a green SR epoxy resin 56. The
preparation of the composite by successive laminating
warp direction oriented layers (O 2 ) s at room temperature
for four plies was performed in the laboratory in the
shape of plate length equal to 400 mm, 400 mm width
and a nominal thickness of 4 mm and then molded under
vacuum (0.6 bar depression) for 8 hours. The mold and
the counter-mold after the insertion of various molding
tissues using said bag technique. However, it allows the
production in large series of small parts potentially
complex.
The thermoplastic resin and green epoxy resin SR 56
which is an epoxy resin that 56% of its molecular
structure is of plant origin provided by the company
Sicomin. On the other hand, the speed of polymerization
at room temperature allows the easy realization of a large
number of samples. Specimen cutting test was carried out
with a diamond saw disc according to the warp and weft
fibers direction, from plates, according to the ASTM D
3039 standard.

Figure 1 : Static test equipment
The static tension test has been carried out by using a
tension machine MTS universal which has a self
tightening jaw and a force sensor of 100 kN with a
moving displacement velocity of 2mm / min.
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Figure 2: Stress-Strain curves of Eco-composites for
both orientations of jute fibers

Experimental equipment

The mechanical characterization of the Eco-composite
was done through static and dynamic modal testing for

172

Table 1. Mechanical properties obtained from static tests
in the warp and weft fibers direction,

Fiber orientation

E (Young
Modulus) GPa

σ R (Ultimate
stress) MPa

Warp
direction

fibers

7.437

73.984

Weft
direction

fibers

3.481

22.981

The Acquisition card SigLab 20-22 Optical Head, OFV
302 R impact hammer PCB 086B03 ICP Laser Beam
Radius Recessed Block Controller OFV 3000

Dynamic test

The experimental dynamic test based on modal analysis
by impact excitation is relatively simple to implement.
Figure 1 shows the experimental equipment used to study
the
composite
beam vibrations
Clamped-Free
configuration. The structure is excited at a point with an
impact hammer and the response is detected at another
point of the structure by a laser vibrometer. The
excitation signal and the beam output of the laser
vibrometer is then digitized and processed by a dynamic
signal analyzer.

Figure 4: Example of Clamped-Free beam responses in
terms of vibration frequency
Table2: α value according to the corresponding vibration
mode for a clamped-free specimen
N° mode

α value

1
2
3
4

3.516
22.034
61.701
120.91

Table 3 : Resonant frequency results for several resonant
modes according to the distance between the measuring
point and clamped support.

L (m)

Weft direction plate
mode mode mode
1
2
3

0.150 41,25

Figure 3: Experimental equipment for the case of impact
excitation
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65,6

418,1 1249,3

0.175 36,87 240,6 691,2

54,3

336,2 958,12

0.200

31,25

208,5 611,25

27,5

278
190

803

Warp direction plate
mode mode mode
1
2
3

550

The values of the mechanical properties of the composite
Eco-composite (laminated in to four layers for both
orientations of jute fiber warp and weft), mainly the
Young's modulus, determined from the static test results
are presented with a good prediction and are considered
relatively reliable for industrial applications related to
(1)
modeling and mechanical construction.
Test results from
the modal dynamic analysis (2)
are relatively close to those
determined previously but they are accompanied by the
order of 5% of uncertainties which may affect their
reliability especially if these (3)
results will be used for high
precision applications (aeronautical, mechanical, civil
engineering, ... .etc)

RESULTS AND DISCUSSION

The values of Young modulus are presented in Table (45) using the inverse method of Berthelot [10] and given
by equation (3) as follows:

w0 = 2π . f
wn = α n .w0
wn .L4 .ρ .S
E=
I
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ABSTRACT
In this paper, a new MPPT controller based on variable
step size fuzzy controller have been proposed and investigated.
The performance of the proposed algorithm are analyzed under
different atmospheric conditions using Matlab/Simulink
environment using boost DC-DC converter connected to
Solarex MSX-60 panel. The results have demonstrated the high
performances of the proposed technique showing good
improvements of the proposed algorithm to track effectively the
maximum power point with low oscillation, low ripple, low
overshoot and good rapidity in slow or fast changing
atmospheric conditions.

manufactures or from the same materials, the module
characteristics varies and can affect the entire system
performance. In addition, the nonlinear characteristics
presenting only one maximum power point called (MPP)
requires the use of an intermediate conversion stage interfacing
the PV array and the power system that uses the electrical
power produced. This stage known as Maximum Power Point
Tracking controller (MPPT) must be capable of maximum of
power from the PV generator to the load and able to perform
this adaptation in the presence of time-varying operating
conditions affecting the PV generator[3].

INTRODUCTION
The fossil fuels are quickly being drained pushing the
development of green renewable energy sources like sunlight
and wind that are regularly recharged. Environmental change,
coupled with worries about high oil and energy costs, is driving
a worldwide pattern towards the expanded utilization of
renewable energy. Among renewable energy sources, solar
energy is playing an increasingly important role in the
decarbonisation of most industrialized countries[1].
A photovoltaic system is made up of several photovoltaic
solar cells, capable of generating between 1 and 2W depending
on the type of solar cell material. For higher power output, PV
cells can be connected in series and parallel to form higher
power modules. Although the modules are from the same

Fig. 1. Intalled renewable power capacity [2].
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Over the last two decades, a range of MPPT algorithms
has been proposed using conventional techniques like
perturbation and observation (P&O) algorithm[4], Hill
Climbing (HC) algorithm[5], Incremental Conductance (IC)[6],
or artificial intelligence algorithms like neural networks[7],
genetic algorithm (GA)[8], particle swarm optimization
algorithm[9].
In this paper, a fuzzy variable step-size MPPT controller
for PV systems has been proposed in order to improve the static
and dynamic MPPT performances by the adjustment of the
boost DC-DC duty cycle. The proposed fuzzy MPPT was
developed and simulated using a boost converter connected to
Solarex MSX-60 module. The results have demonstrated the
high performances of the proposed technique showing good
improvements of the proposed algorithm to track effectively the
maximum power point with low oscillation, low ripple, low
overshoot and good rapidity in slow or fast changing
atmospheric conditions.
The rest of this paper is organized as follows: Section 2
describes the PV modeling. The proposed variable step size
fuzzy MPPT controller is detailed in Section 3. The simulation
results and discussion are presented in Section 4. Finally,
Section 5 concludes the paper giving some comments and future
directions.

(2)
where
k i is the short-circuit current temperature coefficient ;
S is the solar irradiation in W/m2;
I sc is the cell short-circuit current at reference temperature ;
T r is the cell reference temperature.
The cell’s saturation current is varies with temperature
according to the following equation
(3)
where
E G is the band-gap energy of the semiconductor used in the cell.
I rr is the reverse saturation at T r ;
FUZZY MPPT CONTROLLER IMPLEMENTATION
Fuzzy logic have the benefits of operating with general
inputs instead of a correct mathematical model and handling
nonlinearities mathematical logic management typically consists
of three stages: fuzzification, rule base, inference method and
defuzzification[11-12]..
In this study, the proposed fuzzy MPPT requires as inputs
the error E and the change in error ΔE defined by:

PV MODELING
The well-known and widely used model based on the wellknown Shockley diode equation is presented below.

(4)
(5)
where
P(k) and P(k-1) are the power at instant k and k-1;
V(k) and V(k-1) are the voltage at instant k and k-1;
The output is the PWM duty cycle step variation ∆d.
Fuzzification: The universe of discourse for input variables (E k
and ∆E k ) as well as for the output variable (∆d) is divided into
seven fuzzy set s: PL (Positive Large ), PM (Positive Medium),
PS (Positive Small ), Z (Zero), NS (Negative Small ), NM
(Negative Medium ) and NL (Negative Large).

Fig. 2. Solar cell single-diode model[10].
The output current I can be expressed by:
(1)

Rule base: The Fuzzy algorithm tracks the MPP based on the
rule-base consisting of 49 rules as shown below:

where
V is the cell output voltage;
q is the electron charge (1.60217646×10−19C);
k is the Boltzmann’s constant (1.3806503×10−23J/K);
T is the temperature in Kelvin;
I rs is the cell reverse saturation current;
A is the diode ideality constant;
N p is the number of PV cells connected parallel;
N s is the number of PV cells connected in series.

Ek
∆Ek
NL
NM
NS
Z
PS
PM
PL

The generated photocurrent I ph is related to the solar
irradiation by the following equation:
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Zoom A

Inference method: in this study, we use the Mamdani’s
inference system is utilized with the max-min creation
strategy[13].

40

39

Power (W)

Defuzzification: we use the centroid method for defuzzification
considered as one of the normally utilized defuzzification
routines.

RESULTS AND DISCUSSION
To illustrate the effectiveness of proposed fuzzy MPPT
controller, the model of the entire system designed using
Matlab/Simulink software is considered. It is composed of PV
panel operating at variable temperature and irradiation
conditions and fuzzy controller driving the variable step size
needed by the MPPT algorithm that drives the duty cycle of
DC-DC converter.
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CONCLUSION
In this paper, a fuzzy maximum power point controller for
photovoltaic systems under fast changing atmospheric
conditions has been presented and investigated. The proposed
fuzzy variable step-size MPPT algorithm is simulated using
Matlab/Simulink model, where the entire system has been
implemented including a boost DC-DC converter connected to
Solarex MSX-60 panel. The results have demonstrated the high
performances of the proposed technique showing good
improvements of the proposed algorithm to track effectively the
maximum power point with low oscillation, low ripple, low
overshoot and good rapidity in slow or fast changing
atmospheric conditions. As future works, we plan to compare
the proposed fuzzy MPPT to other types of MPPT algorithms in
order to confirm and validate the effectiveness of the proposed
philosophy.
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NOMENCLATURE
V is the cell output voltage
q is the electron charge (1.60217646×10−19C);
k is the Boltzmann’s constant (1.3806503×10−23J/K);
T is the temperature in Kelvin;
I rs is the cell reverse saturation current;
A is the diode ideality constant;
N p is the number of PV cells connected parallel;
N s is the number of PV cells connected in series
k i is the short-circuit current temperature coefficient ;
S is the solar irradiation in W/m2;
I sc is the cell short-circuit current at reference temperature ;
T r is the cell reference temperature.
E G is the band-gap energy of the semiconductor used in the cell.
I rr is the reverse saturation at T r ;
P(k) and P(k-1) are the power at instant k and k-1;
V(k) and V(k-1) are the voltage at instant k and k-1;

The Fig. 9 show the corresponding PWM duty cycle.
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ABSTRACT
The performances of the photovoltaic system are very
dependent on different conditions, such as solar irradiation,
temperature, etc. So it is very important to provide detailed
studies for different cases in order to provide continuously
power, so the photovoltaic system must be properly sized. This
paper presents the modelling and simulation of the photovoltaic
cell using single diode model. I-V characteristics and P-V
characteristics are presented and it verified at different
conditions (iirradiance effect, temperature effect, series
resistance effect).

generators are typically coupled to a storage system ensuring
continuous availability of energy [1-3].
Solar energy which is free and abundant in most parts of the
world has proven to be an economical source of energy in many
applications. Photovoltaic (PV) power generation has been
receiving considerable attention as one of the most promising
energy generation alternatives [4-7]. Photovoltaic systems are
employed today in several applications such as water pumping,
supply in rural areas, pumping[8-9].
In this Paper, we present the modelling and the simulation of
Photovoltaic cell based on single diode model. I-V and P-V

INTRODUCTION

characteristics curves are obtained with the BP SX 150 BP
Today, energy production is a challenge of great importance for
the future. Moreover, developing countries will need more and
more energy to carry out their development. Today, much of the
world energy production is provided from fossil source, but the
successive oil shocks and price fluctuations have demonstrated
the need of alternatives energy source.
Despite the great efforts made to develop new sources of
energy, the rapid consumption growth and development
lifestyles have shown the need for new energy forms which
more efficiency. To these reasons, many countries have turned
to new forms of green energy called "renewable energy" that are
currently too expensive and relatively inefficient, such as wind,
sunlight, rain, tides and geothermal heat. These renewable

Solar photovoltaic module with 72 solar cells, in which
different effects have been studied, such as irradiance effect,
temperature effect, series resistance effect [10].
MODELING THE SOLAR CELL
The photovoltaic effect was ﬁrst discovered by French scientist
Edmond Becquerel in 1839, who found that certain materials
would produce small amounts of electric current when exposed
to light. PV has since been used for a number of different
applications but its high cost initially led to specialization in
remote power applications.
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Photovoltaic is the direct conversion of light into electricity. It
uses materials which absorb photons of lights and release
electrons charges. It can be used for making electric generators.
The basic element of these generators is named a PV cell.
A. Photovoltaic cell
A photovoltaic cell or photoelectric cell is a semiconductor
device that converts light to electrical energy by photovoltaic
effect. If the energy of photon of light is greater than the band

Fig. 3. Equivalent model of Photovoltaic cell [3,10-11].

gap then the electron is emitted and the flow of electrons creates
current[10]. Based on semiconductor technology, solar cells
Based on figue.3 the the output current of the solar cell can be

operate on the principle that electricity will flow between two

given by [3]:

semiconductors when they are put into contact with each other
and exposed to light (photons).

(1)
Where:
I ph is the current generated by the incident light (it is directly
proportional to the Sun irradiation),
I d is the Shockley equation

and it can be expressed as:

(2)
Fig. 1. Photocurrent generation principle.

The current through the parallel resistor Rp is given by:

A typical solar PV system consists of solar panel, charge
controller, batteries, inverter and the load. Figure 2 shows the

(3)

block diagram of typical solar PV system

I 0 is the reverse saturation or leakage current of the diode, it can
be expressed as:

(4)
V T is the thermal voltage and it can be expressed as

(5)

Fig. 2.Block diagram of typical solar PV system
Where:
B. Photovoltaic modelling

e is the electron charge (1.60217646 × 10−19 C),

The equivalent model of a PV cell is shown in Fig. 3. It

k is the Boltzmann constant (1.3806503 × 10−23 J/K),

consists of a light generated current source, a single diode,

n is the diode ideality constant.

a series resistance Rs and a shunt resistance Rsh [3,10-11].

Rs: series resistance of cell (0.001 Ω).
T: reference cell operating temperature (20 °C).
V: cell output voltage ( V).

182

Rs and Rp are the series and shunt resistors of the cell,

E g is the band gap energy of the semiconductor and I 0 is the

respectively.

reverse saturation current of a cell at a reference temperature

Replacing equation 2 and 3 in equation 1, the current to the load

and a solar irradiation , it can be expressed by :

can be given as

(13)

(6)
Assuming that the parallel resistance is infinitely, so the

SIMULATION RESULTS

equation becomes:

To study the different characteristics of the PV cell and validate
the model presented in previous section, we have chosen the BP
SX 150 BP Solar photovoltaic module with 72 solar cells made
(7)

of multi crystalline silicon connected in series to produce a

where, Ns is number of cells in series for a PV module.

maximum power of 150 W. The electrical characteristic of the
PV cell is generally represented by the current versus voltage
(I pv -V pv ) curve and power versus voltage (P pv-I pv ) for
different conditions.

(8)

The electrical characteristics of the PV module are given in the

V oc is the open circuit voltage

following table:

I sc is the short circuit current and it can be expressed as

Description
Maximum Power (Pm)
Voltage Pmax (Vm)
Current at Pmax (Im)
Short Circuit current (Isc)
Open Circuit voltage (Voc)
Temperature co-eff of Voc
Temperature co-eff of Isc
Temperature co-eff of power
NOCT2

BP SX 150
150W
34.5 V
4. 35A
4.75
43.5
-160 20mV/°c
0.065 0.015°c
-0.5 0.05%°c
47 2°C
Table 1. Electrical Characteristics of BP SX 150 PV Module [10].

(9)
The above equations are valid only for the optimal mode of
operation.

To

generalize

our

calculation

for

different

irradiations and temperature, we use the following equations:

(10)
The light-generated current of the module depends linearly on
solar irradiation and is also influenced by temperature
according to:

A. Irradiance Effect
Fig. 4 and Fig.5 show the current–voltage characteristics I-V
and power–voltage P-V of the PV cell for different levels of

(11)

solar irradiation (1000, 800, 600,400,200) w/m2 at constant

a: is the Temperature coefficient of I SC , G is the
irradiance (W/m²) and

temperature (T=25° C). We note that the current Isc increases

T ref : cell reference temperature

quasi linearly with irradiance and that the voltage Voc increases

The diode saturation current I 0 of the cell varies with the

slightly.

cell temperature can be expressed as shown in (12),

(12)
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Fig. 4. I-V curves for various irradiation levels ( BP
SX 150, G = 0.25, 0.5, 0.75, 1 Sun , T = 25°C')
It’s clear that when the internal temperature increases, the
short circuit current Isc increases slightly due to better

Then, the maximum electric power MPP depends on the

absorption of light but the open-circuit voltage strongly

irradiance, the efficiency is better for high irradiance.

decreases with temperature. As conclusion PV panels tend to

The reference conditions are generally chosen with an

work much better in cold weather than in hot climates

irradiance of 1000 W/m 2. In practice, the irradiance on PV
without light concentration is lower, and thus the efﬁciency is

C. Series resistance Effect

lower than its rated value.
The series resistance characterizes produced by Joule effect
B. Temperature Effect

of semiconductor losses and losses through grids collections
and bad ohmic contacts of the cell. Semiconductors with high

Fig.6 and fig. 7 show the effect of temperature variation (25,
2

50, 75,100 C°) at constant irradiance (G=1000/m ) on I-V and

resistance reduce the voltage and the output current of the solar

P-V characteristics respectively.

cell, so conversion efficiency is limited. The influence of the
characteristic series resistance of the solar cell is shown in
figure 8 and 9:
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voltage strongly decreases with temperature ,so PV panels tend
6

to work much better in cold weather than in hot climates. We
have showed that the performances of a PV generator are

5

strongly influenced by climatic conditions, especially solar
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radiation and temperature of the PV module.
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Fig. 9. P-V curves for various Rs ( BP SX 150, Rs =
0.01, 0.02, 0.03, 0.4, G=1 Sun , T = 25°C')
CONCLUSION
In this paper, a simpliﬁed model of PV module based on single
diode model has been developed and presented, the BP SX 150
BP Solar photovoltaic module with 72 solar cells has been
chosen in order to estimate the I-V characteristics and P-V
characteristics of a PV module with 72 solar cells, in which
different effects have been studied, such as Irradiance Effect,
Temperature Effect, Series resistance Effect. We note that the
current Isc increases quasi linearly with irradiance and that the
voltage Voc increases slightly.
For the temperature effect, it’s clear that when the internal
temperature increases, the short circuit current Isc increases
slightly due to better absorption of light but the open-circuit
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ABSTRACT
(Association for Research and Development Multimedia
Computer Education) who developed three tutorials
(CONCEPT CN CN DIDA, IPMO), the association
MECAPASSION, DS, SOLIDCONCEPTER software provides
several commands, using the operator command is equivalent to
choosing the post desired processor. Orders and REALMECA
FAGOR offer intuitive tools to machines, using a group
technology based on statements of form (dot machining
operations). Other work has been developed to provide the
learner the basics of CNC programming, but limited to one
language [9].

In this paper we developed a module helps NC programming
instructions machining standard in CAM environment. This
module allows learning to numerically as well as conversational
programming mode. Two parties have been developed. The first
deals with the problem of incompatibility of functions
preparatory commands FANUC, FAGOR, NUM, SINUMERIK
shooting and milling. In the second part, it was developed a
module contributing to the adaptation of standard machining
instructions in CAM environment.
INTRODUCTION

This work aims to study the incompatibility of the most used
commands NC and the development of a teaching tool to
support NC programming conversationally machining
instructions in a CAM.

The programming of CNC based on standard programming
languages. It turns out that these standards are not complete.
The directors of CNC (DNC) to adapt the specifications of their
machines. The standards describe programming languages also
called commands. Each builder DNC trying by all means to
differentiate its products from those of competition, and
develop the standard programming languages [7].
The non-uniformity of language used creates confusion in the
preparation of programs of different commands, which can lead
to reluctance and inaction often when learning or programming
of numerical control, especially in the case of a machine park
varied languages, installing and doubt.
A set of tutorials enabling the discovery and language learning
machine was developed highlighting some functions
preparatory core and CNC technology. We can quote EMCO,
DENFORD, PROCAM, Tour Assistance, the ARDEM

INCOMPATIBILITIES ADDRESS
The most common standard is the ISO standard (ISO 840)
which defines the alphabet based on the ASCII code and
additional standards that define the programming format (ISO
1056,1057,1058,1059,2539)[1].
Table 1 shows some differences in codes with two names for
the same code [8].
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Table 1. Incompatibility of codes based on a designation
Turning

Milling

G76

Threading cycle

bore

G90

Removal cycle

absolute programming

G92

Threading cycle

absolute programming

G94

Face turning cycle

Feed (minute)

G98

Feed (minute)

Return to starting point
- Key features
This module has three main functions:
- Identification codes with writing syntax
- Search for code designations
- Applications in videos (turning and milling)

Some manufacturers of DNC (FANUC, FAGOR ...) use the
same code in turning and milling for two different designations
such as for Fanuc and different codes for the same designation.
These differences are even more pronounced in the case of
FAGOR. To the SINUMERIK, the same codes are generally
used for the same designations. As for the NUM control, using
the ISO code, there have been no differences in designation for
the same code.
With the exception of preparatory functions and auxiliary
functions, the result after the statistical study of these addresses
the following [10]:

For the shooting, several sequences of machining operations
were recorded in video files. These highlight machining cycles
programmed with FANUC control cycles such as Turning-draft
G71, G70 Turning-finishing, threading G76, G74 peck drilling,
and the different linear and circular interpolations.
For milling, it was shown the zero offset, programming absolute
or relative, the different linear and circular interpolations and
clearances of tools.

- 37.50% use the same designation
- 25% use two names
- 08.33% use three designations
- 08.33% use four designations
- 08.33% use five names (addresses Q, H)
- 04.16% use seven nominations (address P)
- 04.16% use eight nominations (Address R)
- 04.16% use nine nominations (e-K)
Faced with a likely lack of consultation and a fierce business
competition, it continues to see a non-uniformity of language
difficulties caused by the programming of CNC [2]. Hence the
importance of developing a tool for NC programming for
different orders.

- Identification of a designation
The first function allows the identification of the designation
of the preparatory function code G after choosing the command
/ operation and the desired G code.
The procedure of this function is illustrated by the steps of
Figure 1 and Figure 2.
Data Entry

Control / Operations

DEVELOPED MODEL
To overcome the problems posed by these inconsistencies, a
teaching module contributing to the adaptation of CNC
machining instructions FANUC controls [3], SINUMERIK [4],
NUM [5], FAGOR [6] was developed using the Visual Basic
version 6.0 and a video editing software to create video files
corresponding to machining operations.
In addition to using the program, two applications of machining
turning and milling are visualized by video sequences
corresponding to each block of the proposed program. This will
also incorporate multimedia in the teaching of digital control.
With the multimedia software used, the computer becomes a
complete system for acquiring and editing video, without being
forced to use specialized equipment and expensive.
The creation of videos is a three step process:

Codes

-

CNC files

codes

1. Capture (acquisition) is the video recording on the hard
disk.
2.Editer (assembly): the classification of video scenes in the
desired order, for example the first reference block of the
original machine, the second block tool change ... and sound
effects can add comments in the film .
3. Create the film is the creation of the final video or video
files.
In the case of the module developed, Sept. 20 video files were
recorded.

Codes
Operations
Designation

Designation of the desired code

Fig.1. Mode operation of the first function
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In case the code has not sought designation, the term
"EXIST" is displayed in the text field reserved for the
description of the code sought.

The second function allows the identification of the syntax of
a program G-code from the desired name and the command /
operation is illustrated by the steps of Figure 3 and Figure 4
display.
Programming with Visual Basic 6.0 software is a sequential
programming, advancing step by step. The program should
check all the parameters from the files of the database. If after
reading a parameter of the syntax of the code looking for does
not exist in the file, the text field will be closed to the
programmer. The latter can not enter data. By cons in the case
of M functions, the corresponding text field is still open. The
screen of Figure 4 shows the closure of the text field reserved
for S because it can not be programmed to rotate in the same
block in the case of linear interpolation G01.

Fig.2.Identification designation
- Identification code with syntax.

Fig.4. Identification of a G-code
After writing the code and syntax, it is asked to introduce the
coordinates of the point to be reached, the value of the feed rate
and the corresponding auxiliary function as shown in the screen
of fig 4. Once the block of writing, it is possible to save a file
(C: \ .... \ Data \ file name) belonging to a CAM software by
clicking after the end of each block on the Save button in the
FILE.
After you click save the file, the block in question is directly
inserted into a pre-established in CAD-CAM software using the
command FANUC
O 0001 (program number)
G21 G91 G28 X0 Y0 Z0 / U0 W0 ;
M06 T01;
G 92 X… Y… Z… ;
M03 S… ;
G00 G90 X Y / X Z ;
G 01 X45 Y30 F150 M08 ;
G28 G91 X0 Y0 Z0 / U0 W0 ;
M05 M30 ;

Fig.3.Mode operation of the second function
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-Video examples
The screen of Figure 5 shows two examples of program
turning and milling. Just click on the example so that the
program wanted to view is displayed in the BLOCK (BLOCK).
Each block in the program year is the video file. In what
follows, we limit ourselves to present only a few sequences of
programs for turning and milling.

- Programming example for turning
The screen of Figure 7 shows the original position machine
tool (MO) after resetting the machine (reset) and catch the
reference.

- Example programming milling
The screen of Figure 5 also has the original machine tool
position (MO) after use of the cutter tool magazine,
corresponding to the block N001 of the proposed milling
program.

Fig. 7. N001 original block machine
The screens 8 to 10 are machining cycles shooting.

Fig.5. Program block N001 milling machine zero position
The screen of Figure 6 shows a linear interpolation with
programming for corresponding to the block N009.

Fig. 8. N008 block removal cycle-draft

Fig. 6. Block N009 program programming on linear
interpolation
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Fig. 9. N022 block threading cycle

Fig.10. N28 block drilling peck

CONCLUSION
In this work, the goal is to develop a tool for programming in
order to teach or learn NC especially in the case of a machine
park varied languages and avoiding dependence on a single
manufacturer or technology.
In addition to the presentation of the three functions of the
module, multimedia software was used for the preparation of
two video films of turning and milling applications.
It is also possible to call only one video file to explain a
sequence or block release as a tool, a tool change, an
interpolation, a machining cycle ... The integration of
multimedia in training and learning of the CNC, will facilitate
the explanation and understanding of different directions and
machining cycles and the preparation of the workplace by the
determination of origin.
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Abstract. The GaAs MESFETs are the most active components used in micro-onde.to better
exploit the performance of these components circuits, it is necessary to develop techniques for
sophisticated numerical computation based on physical mechanisms that govern the operation
of device. And the static properties of GaAs MESFET be determined from an original
analytical study based on the resolution of the fundamental equations of semiconductor., Then
we will study the equation of thermal resistance as a function of the physical parameters of
MESFETs by analogy electric thermal resistance RTH will be determined as the ratio of the
difference of temperature on the thermal dissipation. The model took into account the
difference between the temperature of the component and the ambient temperature and the
effect of temperature on the parameters of the component.

1. Introduction
We present in this paper an analytical model of the current –voltage (I-V) characteristics for
submicron GaAs MESFET transistors. This model takes account the analysis of the charge distribution
in the active region and incorporate a field depended electron mobility, velocity saturation and charge
build-up in the channel. We propose In this framework an algorithm of simulation based on
mathematical expressions obtained previously.
2. Calculation of the potential and the current
To calculate the potential and the electric field under the gate, the channel is divided into two principal
regions figure (1) the first region (1) below the gate directly, it is said a region controlled by the gate
[1].
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Figure 1. Depletion regions: (1) controlled by the gate, (2) not controlled by the gate
The current characteristics are strongly related to the temperature. However, most simulations assume
that the temperature of the component is constant, usually equal to the ambient temperature (300 ° K).
A rigorous thermal model requires solving the equation of heat [2]

CR ρ R

∂TR
= ∇ ( K R ∇TR ) + H S
∂t

(1)

C R : specific heat of the network, ρ R : Network density , K R : temperature of the network.
T R : thermal conductivity of the network, H S : Heat generation network.
The dependence of the carrier mobility with temperature [1]:

 300 
µ = µ 0 (300 K ) 

 TR 

0.6

0

(2)

The saturation velocity varies with temperature as [2]:

2.4105
νS =
ms−1
1 + exp(T / 600)

(3)

according to Conger [3] the dependence of the threshold voltage may be approximately given by:

VTH = VTH (300° K ) − αVT T

(4)

The value of α VT is in the order of 1.2mV/°C.
3. Results and discussion
To show the effect of temperature on the characteristics (I-V), we perform the numerical simulation
with the laws of mobility, velocity saturation and the threshold voltage as a function of temperature:

 300 
µ n = µ n (300 K ) 

 TR 
0
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0.6

(5)

νS =

2.410 5

(6)

1 + exp(T / 600)

VTH = VTH (300° K ) − αVT T

(7)

As the diffusion voltage of the junction " Vbi " varies with temperature as follows:

T
Vbi (T ) = Vbi (300 0 K )
 T0





(8)

The structure used for the calculation is shown in Figure (1)
The two laws of mobility are
µn
 µ (E ) =
1
E 

1+ 



Ec 



 E3 

µ
+
v
n
s

4 

 Ec 
 µ2(E ) =
E 

1+ 



 Ec 


Table 1. Component parameters
MESFET
L
a

GAT1

(µm)

(µm)

4

0.3

Z

ND

(µm) (Cm-3)
360

6.7×1016

(9)

µn

V bi

RS

RD

(Cm2S-1V-1)

(V)

(Ω)

(Ω)

3740

0.8

16

16

432A/4/LID
The Figures (2) and (3) present the change of speed of the electrons as a function of electric field for
various values of the temperature; the speed is highest when the temperature increases.
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Figure 2. Variation of the velocity V 1 versus
electric temperatures field for different values
of temperatures.

Figure3. Variation of the V 2 velocity versus electric
field for different values of temperatures.

The Figures (4) and (5) shows the variation of the mobility of electrons as a function of electric
field for various values of temperature. We find that mobility is higher as the temperature decreases.
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Figure 4.Variation of the μ1 mobility with electric
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Figure 5: Variation of the μ2 mobility with for
different values of temperature

The figure (7) show the variation of the drain current as a function of the voltage V DS for different
values of temperature. The current increases as the temperature T decreases, constant mobility.
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Figure 7 Characteristics (I-V) for different values of temperature T
at constant mobility μ0 for GAT1
The same manner when the mobility varies, we present in Figures (8) and (9), the influence of
temperature on the I-V characteristics of transistors "GAT1». We choose five values of temperature "T
= 100 K ," "T = 170K " and "T = 240 K ","T = 310 K ","T = 380 K ",. From these figures, we find that
the performance and reliability of the transistors are strongly influenced by temperature. Conduction
along the channel is due to the majority carriers (electrons), it will be affected by the temperature
variation for certain parameters (electron mobility, the Schottky barrier height, the saturation velocity,
the dielectric constant and the same the specific resistance of ohmic contacts). If the temperature
increases, thermal motion of the carriers also increases and hence the electron mobility of the channel
decreases from expression (5), which causes a decrease in the current "Ids". Similarly the height of the
potential barrier increases with increasing temperature from expression (8), therefore the width of the
space charge region increases against the conductive channel narrows, and thus the drain current
decreases.

FigurFigure 9. The characteristics (I-V) for different values
Figure 8. The characteristics (I-V) for
of temperature using the expression of μ2 mobility
different values of temperature using the expression
for GAT1
of μ1 mobility for GAT1
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4. Conclusion
In this study we have developed an analytical model to calculate the I-V characteristics of short gate
length GaAs MESFET which takes into account the one-dimensional analysis of the charge
distribution in the active region and incorporates the effect of temperature on field electron mobility,
velocity saturation and effect of this parameter to the temperature expressions. More ever,
comparisons between the analytical models with different values of temperature shown the effect and
it affects directly the output characteristics (I-V) of GaAs MESFET.then the MESFET structure allows
very significant improvement in performance when it is operated at low temperatures.
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ABSTRACT

practiced until today for certain products because of the
advantages of simplicity and economy [2].
However, open sun drying has some drawbacks such as
longer drying time, fungal growth, encroachment of insects,
birds and rodents, wind, rain, storm, dirt, dust and
environmental pollution [2]. The major advantage in the energy
requirements for this open sun drying process is that the solar
and wind energy is available freely in nature. Drying in a solar
dryer constitutes a safer and efficient alternative process due to
better quality products. Solar drying has become a popular
method to replace thermal dryers which use high cost fossil
fuels [3].
A solar dryer is a device that uses solar energy to dry
substances, especially food and it is closed to keep the food safe
from damage [4]. Basically, there are four types of solar dryers.
Direct solar dryers expose the substance to be dehydrated
in direct sunlight and may have enclosures or glass covers in
order to increase efficiency. They have a black absorbing
surface which collects the light and converts it to heat; the
substance to be dried is placed directly on this surface [5].
In indirect solar dryers solar energy is collected in a
separate solar collector (air heater). This heated air passes over
the substance and then through the chimney [5].
In mixed-mode dryers, the combined action of the incident
solar radiation on the material to be dried and the air preheated
in solar collector provides the heat required for the drying
operation [6].
In hybrid solar dryers, although the sun is used to dry
products, other technologies are also used to cause air
movement in the dryers. For example, fans powered by solar
PV can be used in these types of dryers [6].

This work presents the drying process of apricots and
apples which have been considered for drying in a solar-assisted
forced convection tray dryer. The logarithmic model has been
used to describe the drying behavior of apples and apricots at
different air temperatures (50 °C to 80 °C) and at different air
velocities (0.5 m/s to 2 m/s) based on experimental data from
several studies. The slice thickness of apples has been assumed
at 10 mm with initial moisture content 87 % d. b; the main
diameter of apricots was 40 mm with initial moisture content 80
% d. b. The changes in moisture content with drying time
during the drying period have been presented indicating the
absence of the constant rate period. In addition, drying air flow
rates and temperatures had an important effect on the drying
time and on the moisture removal from apricots and apples.
Finally, the effective moisture diffusivity values have been
estimated from Fick’s diffusion model pointing out that it has
been increased with the increase of the drying air temperature.
1. INTRODUCTION
Drying is one of the most popular methods of food
preservation which allows dried foods to be stored for long
periods without further deterioration in their quality. The drying
of food implies the removal of water from the product to an
acceptable level for safe storage [1]. Drying of agricultural
products under direct sunlight is the traditional way of
preservation in the Mediterranean countries. This method is
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Solar dryers have been used and related experimental
studies have been reported concerning the drying of agricultural
products such as beans [3], grapes [3, 6], potatoes [7], onions
[8, 9], grains [10], figs [11], apples [12], apricots [13, 14, 15],
mangoes [16, 17], bananas [17], rough rice [18, 19], pumpkins
[9], green peppers [9] and pistachios [20].
A number of thin layer equations are also available in the
literature for explaining drying behavior of agricultural
products. Specifically, the logarithmic model has been used by
some investigators to describe drying kinetics for mushrooms
[21], apples [22], apricots [23, 24], grapes [25, 26], figs [27],
bananas [28], tomatoes [29, 30], pistachios [31] and bell
peppers [32].
The main objective of this article is to determine the drying
behavior of apricots and apples in an indirect type forced
convectional solar dryer relying on experimental results from
several articles by using the logarithmic model MR=a∙exp•(k∙t)+c . In addition, the effective moisture diffusivity in the
convective drying process of apricots and apples has been
calculated. It has been proved that our results are similar to
these of other researchers. A comparison has been made
between the changes of moisture content and the effective
moisture diffusivities of apples and apricots.

Fig. 1 A forced convectional solar dryer [34].
2.2 Mathematical Modeling of Drying Data
Several thin layer drying models have been proposed by
researchers describing the moisture transfer in various
agricultural products as shown in Table 1 [1]. Liquid or vapor
diffusion is assumed to be the primary mechanism of moisture
transport in drying of fruit and vegetables and it is described by
the Fick’s second law [36]:

2. MATERIALS AND METHODS
(1)
2.1 Materials and Solar Dryer
Many investigators have carried out drying experiments
using solar dryers and some of them have published their results
for apricots and apples drying.
We have chosen the forced convectional solar dryer used
by Mohanraj and Chandrasekar in experiments which were
carried out for copra [33] and chilli [34] drying. Based on the
literature, the dimensions of this dryer are convenient for drying
of food, especially for products such as apricots and apples,
which we are dealing with in this article.
Drying characteristics have been chosen from experimental
results given [24] for apricots and [35] for apples with different
values of air velocities and temperatures.
The slice thickness of apples has been assumed at 10 mm
with initial moisture content 87 % d. b. Apples had been dried
by using drying air temperatures from 50 °C to 80 °C at air
velocity 1 m/s. The main diameter of apricots was 40 mm with
initial moisture content 80 % d. b. Apricots had been dried
using air temperatures from 50 °C to 70 °C at air velocities 0,5
to 2 m/s. Other researchers have also selected these drying data
as sufficiently suitable for drying apricots and apples [22, 23,
24].
Indirect - mode forced convection dryer consists of an air
heater, a drying chamber and a blower/fan to duct the heated air
to the drying chamber. Fig. 1 illustrates a forced convectional
solar dryer [33, 34].

Where

is the effective moisture diffusivity

the moisture content at any time % d.b.
The first term of the solution of Eq. 1, after making some
simplifications i.e constant diffusivity, no shrinkage, suitable
boundary conditions for spherical bodies produces Eq. 2.

and

(2)
Where

stands for

the dimensionless form

of moisture content, the thickness of the slab
and the
drying time in .
Eq. 2 can also be written in a more simplified form as:
(3)
(4)
Eq. 3 is known to be the exponential or Lewis model and
Eq. 4 the logarithmic model. The Lewis model is considered to
be the simplest model to describe the moisture movement in
dried products [37]. Based on other works related to
mathematical modeling of drying of apricots and apples, the
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logarithmic model appears to be a suitable model attributing
accurately their drying characteristics [15, 22, 23, 24, 35].

Moisture Ratio (MR)

1,2

T=60°C

1

V=0,5m/
s
V=1m/s

0,8

Table 1 Mathematical models for the drying curves

0,6

Model equation

Name

Reference

0,4

Lewis
[37]
Henderson and Pabis
[38]
Logarithmic
[36]
Two-term exponential [39]
Page
[19]
Modified Page Equation [40]
Wang and Singh
[41]
Midilli et al.
[42, 43]

0
0

100

1,2

[44]
Moisture Ratio (MR)

Diffusion approach

0,2
200
300
400
Drying Time (min)

T=70°C

1

0,8

Modified Henderson and Pabis [45]
Verma et al. [46]

0,6

500

600

V=0,5m/s
V=1m/s
V=1,5m/s
V=2m/s

0,4

3. RESULTS AND DISCUSSION

0,2

3.1 Influence of the air parameters on the drying curves and
of apricots
on the effective moisture diffusivity

0
0

We considered that the apricots were dried at 50, 60
and 70 °C and at 0.5, 1, 1.5 and 2 m/s in a solar-assisted forced
convectional tray dryer. Their main diameter was 40 mm and
their moisture content was decreased from 80 % d.b to 10 %.
The drying curves of apricots have been built by using the
logarithmic model MR=a∙exp•(-k∙t)+c and are presented in
Figures 1 and 2.
It is apparent that moisture ratio decreases continuously
with drying time. Analysis of the drying curve has shown no
constant rate period. The drying has taken place in the falling
rate period. The moisture ratio MR versus drying time is shown
in Figure 2 for the selected values of air velocity and at constant
air temperature.

100

200
300
Drying Time (min)

400

500

Fig.2. Air velocity effect on the drying curves for air
temperature 50 °C, 60 °C and 70 °C, respectively.
Obviously, increasing drying air velocity, a decrease in
drying time is observed. These results are in agreement with
other results reported for drying of apricots such as [24].
Table 2 shows the drying time (min) under different air
temperatures and air velocities.
Table 2 Time (min) of apricot drying from 80% to 10%
moisture content.
Drying air temperature,
T(°C)
50
60
70
50
60
70
50
60
70
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Drying air velocity,
V(m/s)
0.5
0.5
0.5
1
1
1
1.5
1.5
1.5

Drying
(min)
576
534
498
480
450
420
402
384
360

time

2
2
2

348
330
318

0,17

Drying Time Percentage
Reduction

50
60
70

0,16
0,15

Figure 3 presents the drying curves for different air
temperatures 50, 60 and 70 °C at air velocities 0.5, 1, 1.5 and 2
m/s, respectively. It is evident that drying air temperature has a
significant effect on the drying time, as higher air drying
temperatures shorten the drying time.

0,12
0,11
0,1

V=0.5 m/s

0,5

1

1

1,5

2

2,5

Air Velocity (m/s)

T=50°C
T=60°C
T=70°C

0,5

Fig.4. Drying time percentage reduction versus air
velocity at different values of temperature.
0,08

0
0

5
10
Drying Time (h)

1,2

Moisture Ratio (MR)

T=50°C
T=60°C
T=70°C

0,13

Drying Time Percentage
Reduction

Moisture Ratio (MR)

1,5

0,14

0,07

15

0,06

V=1,5 m/s

1

0,8

v=0,5 m/s
v=1 m/s
v=1,5 m/s
v=2 m/s

0,05

T=50°
C

0,6

0,04

0,4

0,03

0,2

58

0
0

2

4
Drying Time (h)

6

8

62
66
Air Temperature (ºC)

70

Fig.5. Drying time percentage reduction versus air
temperature at different values of velocity.
The drying time is decreased when air velocity increases in
equal intervals of 0,5 m/s between 0,5 to 2 m/s as it is depicted
in Table 3.
Table 3 Drying time percentage reduction for certain
temperature in equal intervals of 0,5 m/s
T (°C)
50
50
50
60
60
60
70
70
70

Fig.3. Drying curves for different air temperatures at
velocities 0.5, 1, 1.5 and 2 m/s.
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V (m/s)
0.5 - 1
1 – 1.5
1.5 – 2
0.5 – 1
1 – 1.5
1.5 – 2
0.5 – 1
1 – 1.5
1.5 - 2

Percentage Reduction (%)
16.68
16.25
13.43
15.73
14.67
14.06
15.66
14.29
11.67

Furthermore, there is a decrease in drying time when air
temperature is increased from 50 to 70 °C with a 10°C step as it
is shown in Table 4.

-0,5

T (°C)
50 – 60
50 – 60
50 – 60
50 – 60
60 – 70
60 – 70
60 – 70
60 - 70

-2,5

Fig.6. Ln (MR) with drying time (h) at air velocities 1
and 2 m/s.
Figure 7 shows the effective moisture diffusivity
variation with air temperature at different levels of air velocity.

20
18
DeffxE-10 (m²/s)

0.5
1
1.5
2
0.5
1
1.5
2
0.5
1
1.5
2

a=1.1453,
a=1.1558,
a=1.1665,
a=1.1773,
a=1.1453,
a=1.1558,
a=1.1665,
a=1.1773,
a=1.1453,
a=1.1558,
a=1.1665,
a=1.1773,

k=0.0027,
k=0.0032,
k=0.0037,
k=0.0043,
k=0.0029,
k=0.0034,
k=0.0039,
k=0.0045,
k=0.0031,
k=0.0036,
k=0.0041,
k=0.0046,

V=1m/s
V=2m/s

-2

Table 5 Regression analysis coefficients for logarithmic
model
Coefficients (a, k, c)

10

-1,5

Percentage Reduction (%)
7.32
6.74
6.25
6.67
4.48
6.32
5.17
3.63

V (m/s)

5

-1

Therefore, the zone for air velocities between 0,5 to 1 m/s
and temperatures between 50 to 60 °C is the best option for
drying apricots, due to the greatest effect on the drying time
decrease, namely, 16,68 % and 7,32 % correspondingly.
Table 5 presents the coefficients for logarithmic model
during the drying of apricots.

T
(°C)
50
50
50
50
60
60
60
60
70
70
70
70

0

Ln(MR)

Table 4 Drying time percentage reduction for certain
velocity in equal steps of 10 °C
V (m/s)
0.5
1
1.5
2
0.5
1
1.5
2

Drying Time (h)

0

16

V=1m/s

14

V=2m/s

12
10
8
6

c=0.1365
c=0.1434
c=0.1503
c=0.1572
c=0.1424
c=0.1493
c=0.1562
c=0.1631
c=0.1465
c=0.1534
c=0.1603
c=0.1672

45

Fig.7.
and 2 m/s.

55

T (ºC)

65

75

for various air temperatures and velocities 1

Figure 8 presents the effective moisture diffusivity
versus air velocity at different levels of air temperature.

Figure 6 exemplifies the Ln (MR) (Moisture Ratio) as a
function of time (h) at air temperature 50°C with velocities 1
and 2 m/s. The plotted curves show that the increase in
temperature increases the slope of straight line, or in other
words the effective moisture diffusivity is increased.

as a function of air velocity and
Fig.8.
temperatures 50, 60 and 70 °C.
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The values of the effective moisture diffusivity

were

11
10
9
8
7
6
5
4
3

V=1m/s

DeffxE-10(m²/s)

ranged from 8,29 x
/s to 18,9 x
/s. The
/s
maximum value of moisture diffusivity was 18,9 x
when air velocity was 1 m/s and air temperature was 50ºC. The
minimum value of moisture diffusivity has been calculated
/s at 2 m/s air velocity and 70ºC air
equal to 8,29 x
temperature. As we have already seen the maximum value of
diffusivity has been found for the minimum air velocity value.
Mirzaee et al. [23] reported that the minimum value of moisture
/s to
diffusivity for apricots was varied between 1.78 ×
/s. Togrul and Pehlivan [24] gave almost same
5.11×
/s to 8.32 x
/s. Our results are
values, 6.51 x
comparable.

45

Fig.10.

55

65
T(°C)

75

85

versus air temperature at air velocity 1 m/s.

3.2 Influence of the air temperature on the drying curves
of apples
and on the effective moisture diffusivity
Table 7 Effective moisture diffusivity under different drying
temperatures

The drying behavior of apples using the logarithmic model
is presented in Figure 9 for constant
air velocity 1 m/s and selected temperatures 50, 60, 70 and 80
°C. The drying process stopped until the water content of
apples, 87 % d. d, reached the level of 10 %.

(×
5,49
6,62
8
9,54

)

T (°C)

V (m/s)

50
60
70
80

1
1
1
1

The values of the effective moisture diffusivity ranged from
/s to 9,54 x
/s. We observe that this
5,49 x
value is smaller than this which we have mentioned above for
apricots.
3.3 Comparisons between apricots and apples
Table 8 presents the drying time of fruits under
consideration at air velocity 1 m/s.
Table 8 Drying time of apples and apricots under the same
air velocity 1 m/s.

Fig.9. Drying curves for apples dried at different air
temperatures and air velocity 1 m/s.

T(°C)
50
60
70

Table 6 Total drying time (min) under different drying
conditions
Drying air
temperature, T(°C)
50
60
70
80

Drying air
velocity, V(m/s)
1
1
1
1

Apricots (min)
480
450
420

Apples (min)
510
420
354

We observe that as air temperature becomes higher apples
need shorter time to reach the required level of final moisture
content than apricots do. However, at 50 °C the total drying
time of apples is inevitably larger than that of the apricots.

Drying time
(min)
510
420
354
312

Table 9 Effective moisture diffusivity of apples and apricots
under the same air velocity 1 m/s.
T(°C)
50
60
70
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Apricots
(×
8,29
10,6
10,7

)

Apples
(×
5,49
6,62
8

)

Here, one can witness that the apricots moisture diffusivity
in comparison to that of apples is higher, at the stated
temperatures.
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ABSTRACT
Polycrystalline Cu 2 O layers have been prepared by
cathodic reduction of an alkaline cupric sulfate solution on
transparent conducting glass (FTO). X-ray diffraction (XRD)
study revealed the formation of single cubic Cu 2 O films. The
nanocrystallite size is about 28 nm. The as-deposited films
thickness was estimated at approximately 6µm. The effect of
pH solution on the structure is studied. Scanning electron
microscopy image shows the pyramid structure of Cu 2 O thin
film deposited at -0.555V versus SCE. The band gap of the film
was estimated from transmittance spectra to be about 2.34eV.
Keywords:
cuprous
oxide;
electrodeposition, electrical properties.

optical

INTRODUCTION
Cuprous oxide (Cu 2 O) is semiconductor with band gaps in
the visible or near infrared region. This material have several
advantages: availability and abundance of the starting materials,
non-toxic nature, low production cost, band gap(2.0 eV)lies in
an acceptable range for solar energy conversion, and n-type, ptype conductivity [1,2]. As a result, copper oxides have found
numerous applications in diverse fields such as solar cells and
photovoltaic materials [2], electrochromic coatings [3] and
catalytic applications [4].
Synthesis of Cu 2 Othin films can be achieved using various
technical sand the most commonly used are MOCVD [5],
hydrothermal, [6–7], solution chemical [8–9] and
electrochemical deposition [10, 11]. Among these methods,
electrochemical deposition presents many advantages over high
temperature processes for its simplicity, low cost, large scale

properties;
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and easy control. Therefore, much interest has been focused on
exploring the effects of various process parameters such as
growth media [11], organic and inorganic additives [12, 13], pH
value [14], temperature [15] and potential [16] on the growth
and properties of thin films Cu 2 O. The optical and electrical
properties of absorber materials in solar cells are key
parameters which determine the performance of solar cells.
Hence, it is necessary to tune these properties properly for high
efficient device. It was reported that structural properties,
especially the crystal orientation of electro-deposited Cu 2 O,
were affected by bath pH, such that Cu 2 O oriented to the (100)
plane was produced at bath pH ~9.0, and one oriented to the
(111) was produced at bath pH ~11.0 [17].

Then the hydroxide ions combine with Cu+ to form Cu 2 O:

Structure and morphology:
Cu 2 O films electrodeposited from various pH of
solution (9.0-12.0) are found to be polycrystalline with simple
cubic structure. The effect of pH of solution on the structure of
Cu 2 O films was investigated using XRD diffraction; the films
were found highly uniform and the XRD analysis showed only
the peaks corresponding to the cubic Cu 2 O phase. It is observed
from the XRD patterns(Fig.1)that electrodeposited Cu 2 O films
at 0.555Vversus SCE and pH(12.0±0.1) exhibit preferential
orientation
along
the
(111)plane,
whereas
those
electrodeposited
at
-0.555Vversus
SCE
and
pH(9.0±0.1)indicate the presence of peaks of Cu 2 Owith
preferential orientation of (200).

In this work, electrochemical from aqueous solution was
performed to synthesisCu 2 O thin film on conducting substrates.
The electrodepotion conditions for Cu 2 O thin film growth by
electrochemical deposition process were optimized. The
crystalline structure, morphology and optical properties of the
electrodeposited Cu 2 OOf thin films are studied by X-ray
diffraction (XRD), scanning electron microscopy (SEM) and
transmittance spectroscopy.
EXPERIMENTALS DETAILS

(a)
pH=12

(221)

(220)

(200)

Intensity(a.u)

(111)

The electrodeposition of Cu 2 O was performed on
transparent on fluorine-doped SnO2: F (FTO) glass with a sheet
resistance of (6,5Ω/□) as the working electrode. The saturated
calomel electrode, Hg/Hg 2 Cl 2 /KCl SCE and platinum foil were
used as the reference and counter electrode, respectively. The
electrolytic bath for the electrodeposition process was
composed of alkaline CuSO 4 5H 2 O (0,4M), C 3 H 6 O 3 (3M) and
NaOH. Cu2Othin films were prepared at various solution pH
(9.0-12.0±0.1), at bath temperature 70°C and at potential of 0.555V versus SCE for durations ranging from 5 to 60min to
obtain films of various thicknesses.
The FTO substrates were ultrasonically cleaned sequentially in
acetone; 2-propanol and water 15 min before deposition. The
film structure and morphology were investigated by X-ray
diffraction (Siemens D8 Advance) with Cu-Kα radiation and
scanning electron microscopy (Philips500). The optical
transmittance of the Cu 2 Ofilms was measured in the wavelength
range 300–900 nm by spectrophotometer (UV–VIS– VARIAN
CARY 500).

30

40

50

2θ (degree)

(b)

RESULTS AND DISCUSSION
Electropdepotion of thin films on conducting substrates
The electrodepotion of Cu 2 O thin films consists of two
different steps .The first step consists the reduction of copper,
through the following reaction
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60

70

Fig.1: X-ray diffraction pattern of typical Cu 2 O films
deposited at 70°C, E=-0.555V/ SCE, (a) pH=12± 0.1, (b)
pH=9 ± 0.1

_

Cu2O

= SnO2 : F

The morphologies of as-grown thin films were analyzed by
SEM, as shown in Fig.2. The as-grown sample shows a clear
pyramid-like morphology. The sample thickness ranged
between 4 µm and 6 µm depending on the deposition time and
potential is shown in Fig.3.

Fig.3: SEM image showing the columnar structure of Cu 2 O
deposited at 70°C, E=-0.555Vversus SCE, t=5min and
pH=12±0.1

a

Optical studies:
The optical band-gap is an essential parameter for
semiconductor material, especially in photovoltaic conversion.
In this work it was determined using the transmittance
spectrums of the films. The optical transmission spectrums were
recording on UV–VIS (model VARIAN CARY 500)
spectrophotometer in the spectral range 300-1000nm
wavelength. Thin layers of Cu 2 O were preparing for the optical
transmission spectrums recording. The optical transmission
spectrum of about 4 µm thick Cu 2 O film deposited on fluorinedoped SnO2: F is presented in Fig.4.
For determination of the optical band gap energy Eg, the
method based on the relation.

b

35
30
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Fig. 4: Optical transmittance of Cu 2 O /FTO thin films
deposited at 70°C, E=-0.555Vversus SCE, t=5min,
pH=12± 0.1.

Fig.2: Scanning electron micrographs of typical Cu 2 O films
deposited at 70°C, E=-0.555V/ SCE, (a) t=5min, (b) t=10
min, (c) at=60 min and pH=12 ± 0.1
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For determination of the optical band gap energy Eg, the
method based on the relation
CONCLUSION
1
Polycrystalline Cu 2 Othin films with cubic structure
were deposited potentiostatically on fluorine-doped SnO 2 (FTO)
substrates using inexpensive and simple method .The optimized
deposition conditions to synthesize good quality Cu 2 Ofilms are
derived as: bath temperature, 70°C; deposition potential, 0.555V versus SCE, time deposition 5min, and solution pH,
12±0.1.The thickness was controlled by the time of deposition.
It’s ranged between 4-6µm with 2.34 eV optical gap. Optical
transmittance and band gap values of the Cu 2 O films are found
to be consistent with published results.

It has been used [19], where n is a number that depends on the
nature of the transition. In this case its value was found to be 1
(which corresponds to direct band to band transition) because
that value of n yields the best linear graph of (αh )2 versus(h )
values of the absorption coefficient α were calculated from the

1
t

1
T

equation α =[ ln( )] Where ‘t’ is the film thickness and ‘T’
is the transmittance. The values of the optical absorption
coefficient α independence on wavelength are shown in Fig. 5
for Cu 2 O /FTO film.
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Figure .5: Coefficient α versus wavelength λ for FTO
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Fig. 6 shows (αhυ)2 versus (hυ) for the Cu 2 O ﬁlm. The
intersection of the straight line with the hυ axis determines the
optical band gap energy Eg. It was found to be 2.34 eV which is
higher than the value of Ref. [20]. More details about the
method of determination of E g are given in Ref. [21].
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ABSTRACT
The improved performance of the solar collectors is to limit
heat loss between the absorber and the ambience. This paper
presents a study to an air flat plate solar collector with
perforated baffles with a numerical study of the dynamic and
thermal stationary air flow using the k-Epsilon turbulence
model. We present afterwards the mathematical formulation of
the problem studied and the numerical solution finite volume
method using the Fluent solver.The results are presented in
terms of the contour of pressure coefficient, the evolution of
friction factor and the temperature distribution in the solar
collector. ere. Put body of the paper here. Put body of the paper
here. Put body of the paper here. Put body of the paper here.
Put body of the paper here.

user to enhance their optimization. This low thermal exchange
does not allow these systems to obtain their best performance or
the best thermal efficiency.
[1], improve the efficiency–temperature rise couple of the flat
plate solar collector by considering several types of obstacles
disposed in rows in the dynamic air vein of the flat collector. By
comparing with the collector without obstacles, the thermal
transfers and, consequently, the output temperature (TOC) and
the collector efficiency are clearly improved. The drying times
obtained with the proposed systems are very interesting. From
the results obtained for the different solar collector types
examined, we deduce that the introduction of the obstacles in
the air channel is a very important factor for the improvement of
collector performance. However, we have observed that the
form, dimensions, orientation and disposition of the obstacles
considerably influences the collector efficiency
[2], the influence of collector aspect ratio on the collector
efficiency of upward type baffled solar air heaters has been
investigated theoretically. With constant collector area, the
collector efficiency increases with collector aspect ratio. This is
the same results as those obtained in the previous work for flat
plate solar air heaters without fins and baffles. Although the
collector efficiency of baffled solar air heaters is larger than that

INTRODUCTION
The flat plate solar collectors convert solar energy received
by radiation into usable thermal energy by means of a flowing
fluid that carries this energy by convection through the heat
exchange surface, due to its thermo physical properties.
In the solar air flat plate collector, the insufficiency of the
thermal exchange between the fluid and the absorber obliges the
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of flat plate heaters without fins and baffles, the improvement of
collector efficiency by increasing the collector aspect ratio is
the reverse.
[3], in an experimental study, of a solar energy simulation,
they have sought to improve the efficiency–temperature rise
couple of the flat plate solar collector by considering several
types of obstacles disposed in rows in the dynamic air vein of
the collector. Thus, they have proceeded to the application of
the best two systems for drying an agricultural product. By
comparing with the collector without obstacles, the thermal
transfers and, consequently, the output temperature and the
collector efficiency are clearly improved. The drying times
obtained with the proposed systems are very interesting.
The heat quantities obtained are very important compared with
the collector without obstacles.
[4], a comprehensive parametric study has been carried on the
thermal performance of cross-corrugated solar air collectors.
These collectors consists of a wavelike absorbing plate and a
wavelike bottom plate which are crosswise positioned to form
the air flow channel. Two types of these collectors are
considered. For the Type 1 collector, the wavelike shape of the
absorbing plate is along the flow direction and that of the
bottom plate is perpendicular to the flow direction, while for the
Type 2 collector it is the wavelike shape of the bottom plate that
is along the flow direction and that of the absorbing plate is
perpendicular to the flow direction. The aim of the use of the
cross-corrugated absorbing plate and bottom plate is to enhance
the turbulence and the heat transfer rate inside the air flow
channel which are crucial to the improvement of efficiencies of
solar air collectors. Three types of solar air collector are
analyzed and compared under various configurations and
operating conditions. The results show that although the thermal
performance of the Type 2 collector is just slightly superior to
that of the Type 1 collector both of these cross-corrugated solar
air collectors have a significantly superior thermal performance
to that of the flat-plate one. It is also found that to achieve a
higher collector efficiency, it is essential to construct the
collectors having slender configurations along the air flow
direction, to maintain a small mean gap between the absorbing
plate and bottom plate, to use selected coatings on the
absorbing plate and glass cover, to maintain a higher air mass
flow rate, and to operate the collectors with the inlet fluid
temperature close to that of the ambient fluid. To achieve a
higher collector efficiency, it is essentialto construct solar air
collectors having slender configurations along the air flow
direction, tomaintain a small gap between the absorbing plate
and bottom plate, to use selected coatings which have very high
absorptivities of solar radiation but very small emissivities of
thermal radiation on the absorbing plate and glass cover, to
maintain
a higher air mass flow rate, and to operate the collectors with
the inlet fluid temperature close to that of the ambient fluid, no
matter it is a collector with the cross-corrugated wavelike
absorbing plate and bottom plate or one with flat absorbing
plate and bottom plate.

[5], study the numeric analysis of the turbulent flow inside a
channel of rectangular section, with two types of obstacles in
the two-dimensional case: a rectangular block obstacle and a
rectangular obstacle with upstream round edge getting radius
curvature 0.2 times the height of the obstacle. Several boundary
conditions were explored, being the more realistic results
obtained by prescribing the inlet velocity field and atmospheric
pressure at the exit. The objective of this paper is to compare
the special round obstacle impacts on the recirculation zone and
velocity profiles considering those of the rectangular block
obstacle in the two-dimensional case. The existence of the
obstacle in a flow certainly causes a recirculation zone located
upstream and downstream of the obstacle. These zones may
represent pollution areas, where the pollution remains retained.
[6], the existence of the obstacle in a flow certainly causes
recirculation zone located upstream and downstream of the
obstacle. These zones may represent pollution areas, where the
pollution remains retained. In addition they are also very
interesting in the area of flat plate solar collectors, with the aim
of improving their performances. This work focus on the
upstream edge adapted bright obstacle to the form of the
appearance of the recirculation zone and see how it will reduce
the recirculation zone in the flow. A qualitative study of the
flow around the obstacle will give a good idea of the behavior
of this recirculation zone. The contours and mean profiles of
velocity, rate of turbulence and turbulent dissipation rate are
presented for a typical case and at a Reynolds Number of
5×104,5×105 and 5×106.This work allows to conclude that the
dimensions of the recirculation zone are much lower for curved
edge obstacle than for the rectangular for all the three values of
Reynolds number that have been considerate.
[7], Performance improvement dynamics of a solar
collector with rectangular perforated baffles. The orientation of
the fluid to the top wall (absorber) slows down the fluid
velocity,heating a maximum of coolant. The orientation of the
fluid down the conduit of the solar collector by the perforated
baffles fixed on the absorber and its orientation towards the
bottom of the conduit by the perforated baffles fixed on the
insulation gives us the best heat exchange
|[8] The impact of the inclined baffles on the flow structure
of the near wall for different Reynolds numbers. As seen from
the figure, a clockwise vortex is generated at the upstream
region of the first baffle. As the fluid turns upward into the
bypass passage between the top face of the first baffle and the
upper channel wall, the fluid directly impinges to top face of the
second baffle causing a recirculation zone to be formed within
the inter baffles groove. The second important vortex is shown
near the top of the domain in the downward region; it is caused
by the accelerated flow between the tip of the first baffle and
the bottom wall of the channel. A third and more important
clockwise vortex is also created downstream of the second.
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•

PROBLEMATIC

y-Momentum equation

Geometry
(3)

The problem treated is a 2D turbulent flow and heat transfer
in a duct of a flat plate collector solar. The general feature of
the physical problem is depicted in Fig 1

Energy equation in the fluid region

0.884 m
0.218

(4)

0.33 m

0.08 m
0.146 m

Energy equation in the solid region
(5)
0.37 m

0.01 m 0.174 m
Configuration 1

Turbulence model
One of the most widely spread models is the standard k-є
model proposed by Launder and Spalding [10].
The k- , low-Reynolds number closure model proposed by

Configuration 2

Jones et al. [11] is adopted
This model implies two transport equations i.e. turbulent
kinetic energy and the dissipation of turbulent kinetic, as

0 005

follows :
Transport Equation for Turbulent Kinetic Energy k
Configuration 3

(6)
Fig. 1 Schematic of the physical problem a) simple baffles b) three
perforation baffles c) six perforation baffles
b)

Transport Equation for Turbulent Dissipation Rate ε
Governing equations
(7)

In Cartesian coordinates, the continuity, momentum, energy,
and turbulence equations for a steady incompressible flow can

and the eddy viscosity is define as :

be written as:

•

Continuity equation

(8)

(1)
•

(1)as follows :
The model coefficients are
=0.09,

x-Momentum equation

=1.3,
(2)
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=1.44,
=0.9,

=1.44,
=

=

=1.0,
=1.

(configuration 2, configuration 3) to compare of the solar
collector with simples baffles (configuration1).
increasing the number of perforations at the baffles allows the
creation of several secondary flows directed to the absorber of
the solar collector ( configuration 3).

BoundaryConditions
. At the inlet of the computational domain, a uniform velocity

distribution is applied at y = 0, u = Uin. At the channel walls (y
= 0, y = H), the no-slip condition is assumed, that is u = v = 0.
The pressure at the outlet of the computational domain was set
equal to the zero gauges. For the thermal boundary conditions, a
constant temperature of Tabs= 370 K was applied on the
absorber plate and adiabatic condition was applied on the
insulation plate of the computational domain as the thermal
boundary condition. The temperature of the working fluid was
set equal to 300 Kat the inlet of the flat plate solar collector.
RESULTS AND DISCUSSION

Configuration 1

The problem was numerically solved using the finite volume
method with FLUENT 6.3
The standard k-є model can successfully predict the
characteristics of the flow and heat transfer for this study.
To verify our numerical simulation, a comparison between the
present results with those reported by Demartini [9],Fig 2.

Configuration 2

Configuration 3

Fig 4. Axial velocity distribution in the solar collector

Pressure coefficient
The evolution of the pressure coefficient is illustrated in Figure
4 for the three configurations of the solar collector.

Fig. 2 Comparison between the modeling results and demartini [9] for
x = 0.525m

The presence of the perforated baffles (configuration 2 and
configuration 3) leash decreased the pressure coefficient in
different points of the solar collector. Lowest pressure
coefficients are noticed at the third configuration perforated
baffles (six perforations).

Axial velocity
The computational results of the velocity contours are found in
Fig 3., the presence of perforated baffles causes the slowing
down of the coolant with his acceleration at the perforations
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The evolution of the temperature distribution is shown in Figure
5 and Figure 6.
The figure 5 shows that the perforated baffles plates of the
configuration 2,3 play an effective factor to dissipate the heat
from the solid walls and the temperature of the flow increases in
the regions occupied by the baffles and between the baffle
plates compared with the configuration 1 0
As show in figure 6 the temperature the temperature of the
coolant in the solar collector with perforated baffles plates
configuration 3 increase to 316 K at the outlet.

Configuration 1

Configuration 1

Configuration 2

Configuration 2

Configuration 3

Configuration 3

Fig. 4 Contour of pressure coefficient for the three configurations of
the solar collector
Fig. 5 Contour of temperature for the three configurations of the
solar collector

Temperature distribution
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[3] Ahmed-zaid, A., MessaoudI, H., Abenne, A., Le ray,
M., Desmons, J.Y., Abed, B.,1999, Experimental
study of thermal performance improvement of a solar
air flat plate collector through the use of obstacles:
application for the drying of ‘yellow onion’, Journal of
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Fig. 6 Profiles of temperature for the three configurations of the
solar collector to the position of the section x=0.884 m to the position
of the section to the position of the section

Conclusion

In this study the k-є turbulence model has been adopted to
predict the details of the turbulent flow and heat transfer
through a flat plate solar collector with simple baffles and
perforated baffles for three configurations plates. The objective
of this study was an numerical investigation of the turbulent
flow in a rectangular channel provided with the simple baffles
and perforated to study the thermal effects between the different
configurations.. The comparison of pressure coefficient, friction
factor and Temperature in the solar collector
The solar collector with perforated baffles is the most efficient..
has allowed us to visualize the best performance of the solar
collector with perforated baffles (six perforations in the baffles
configuration 3).

[9]
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ABSTRACT
Natural convection is simulated in a truncated cone filled
with nanofluid. Inclined and top walls have constant
temperature where the heat source is located on the bottom wall
of the conical container which is thermally insulated. A finite
volume approach is used to solve the governing equations using
the SIMPLE algorithm for different parameters such as
Rayleigh number, inclination angle of inclined walls of the
enclosure and heat source length. The results showed an
enhancement in cooling system by using a nanofluid, when
conduction regime is assisted. The inclination angle of inclined
sidewall and heat source length affect the heat transfer rate and
the maximum temperature.

was more pronounced at low aspect ratios than at high aspect
ratios of the enclosure. They found that for all Rayleigh
numbers, the mean Nusselt number increased as the volume
fraction of nanoparticles increased. Aminossadati and Ghasemi
[4] presented a numerical study of natural convection cooling of
a heat source embedded on the bottom wall of an enclosure
filled with nanofluids. They results indicate that adding
nanoparticles into pure water improves its cooling performance
especially at low Rayleigh numbers. The type of nanoparticles
and the length and location of the heat source proved to
significantly affect the heat source maximum temperature.
In the present work we examine the effect of some
parameters such as Rayleigh number, inclination angle of
inclined walls of the enclosure and the heat source length on the
natural convection inside conical container filled with waterCopper nanofluid.

INTRODUCTION
The numerical study reported here concerned the flows
produced in truncated conical containers filled with a waterbased nanofluid containing Copper (Cu). The two parameters
required to characterize the problem are the Rayliegh number
Ra, and the slope angle of the inclined wall, α. This problem
may be encountered in a number of electronic cooling devices
equipped with nanofluids. The resulting mixture of the base
fluid and nanoparticles having unique physical and chemical
properties is referred to as a nanofluid. It is expected that the
presence of the nanoparticles in the nanofluid increases the
thermal conductivity and therefore substantially enhances the
heat transfer characteristics of the nanofluid. Differentially
heated enclosures are extensively used to simulate natural
convection heat transfer within systems using nanofluids [1–2].
Recently, Oztop and Abu-Nada [3] numerically studied heat
transfer and fluid flow due to buoyancy forces in a partially
heated enclosure using nanofluids made with different types of
nanoparticles. They argued that the heat transfer enhancement

DEFINITION OF CONSIDERED MODEL
The geometry of the two-dimensional conical container
considered in this study is shown in Fig. 1. A heat source with b
length is located on the bottom wall of the enclosure which is
thermally insulated. The Inclined and the top walls of the
enclosure are maintained at a low temperature (T c ). The
nanofluid used is assumed to be Newtonian, incompressible and
laminar. The base fluid (water) and the solid spherical
nanoparticle (Cu) are in thermal equilibrium. The thermophysical properties of the nanofluid are assumed constant
except for the density variation, which is determined based on
the Boussinesq approximation (Table.1)
GOVERNING EQUATIONS
The continuity, momentum and energy equations for the
laminar and steady state natural convection in the two-
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dimensional enclosure can be written in non-dimensional form
using the following non-dimensional parameters:

y
a

2
x
y U = uL V = vL P = pL
X=
Y=
ρ nf α 2f
αf
αf
L,
L,
,
,
3
T − Tc Ra = gβ f L ∆T ∆T = qL Pr = ν f
Θ=
kf
αf
ν fα f
∆T ,
,
,

∂U ∂V
+
=0
∂X ∂Y

Tc

Tc

µ nf
∂V
∂V
∂P
+V
=−
+
U
∂X
∂Y
∂Y ρ nf α f

 ∂ 2U ∂ 2U

 ∂X 2 + ∂Y 2

 ∂ 2V ∂ 2V

 ∂X 2 + ∂Y 2







α

(2)

b

y

 (ρβ )nf
+
 ρ β Ra Pr Θ
nf f

(3)

x

x
q
L

∂Θ
∂Θ α nf  ∂ 2 Θ ∂ 2 Θ 
+V
=
+
∂X
∂Y α f  ∂X 2 ∂Y 2 

(4)
The boundary conditions, used to solve the equations (1)–
(4) are as follows:
U =V =Θ = 0
X = 0 (0 ≤ Y ≤ 1)
U =V =Θ = 0
X = 1 (0 ≤ Y ≤ 1)
∂Θ
U =V =
=0
Y = 0 (0 ≤ X ≤ 0.3)
∂Y
kf
∂Θ
U =V =
=−
∂Y
k nf
Y = 0 (0.3 ≤ X ≤ 0.7)
∂Θ
U =V =
=0
Y = 0 (0.7 ≤ X ≤ 1)
∂Y
U =V =Θ = 0
Y = 1 (1 / 3 ≤ X ≤ 2 / 3)

Figure 1 Flow geometry

NUMERICAL METHOD
The governing equations (1)-(4), with the associated
boundary conditions, are solved using the finite-volume
method. The components of the velocity (U and V ) are stored
at the staggered locations and the scalar quantities (P and Θ) are
stored in the centre of these volumes. The numerical procedure,
called SIMPLER [5], is used to handle the pressure-velocity
coupling. For treatment of the convection and diffusion terms in
equations (2)-(4) central difference scheme is adopted. The
discretized algebraic equations are solved by the line-by-line
tridiagonale matrix algorithm (TDMA). Convergence at a given
time step is declared when the maximum relative change
between two consecutive iteration levels fell below than 10−5 ,
for U, V and Θ. At this stage, the steady state solution is
obtained. A parallel test was made to guarantee that the energy
balance between the hot and cold walls is less than a prescribed
accuracy value, i.e., 0.2%.

The local Nusselt number on the heat source surface can be
defined as:
hL
Nu =
kf
where, h is the convection heat transfer coefficient:
q
h=
Ts − Tc
The dimensionless local Nusselt number:
1
Nu s ( X ) =
Θs ( X )
where, Θ s is the dimensionless heat source temperature.

RESULTS AND DISCUSSION
Validation
The present numerical result was tested successfully in
comparison with the natural convection studies in enclosures
developed by Aminossadati and Ghasem [4] for natural
convection cooling of a localised heat source at the bottom
enclosure filled with Cu–water nanofluid at different Rayleigh
numbers (Table. 2).
For all simulations, pure water is considered as the base
fluid with Pr=6.2 and (Cu) is the nanoparticle. The solid
volume fractions of the nanofluid is taken (Φ=0.1). The effect
of Rayleigh number, the heat source heat source length and
inclination angle of inclined wall of the enclosure are
determined.

Table 1 Thermo-physical properties of water and
nanoparticle (cu) [3].

ρ(kgm-3)

Pure
water
Copper
(cu)

997.1

C p (Jkg-1k1
)
4179

K(Wm-1k-1)

β(k-1)

0.613

20.10
-5

8933

L

(1)

µ nf
∂U
∂U
∂P
+V
=−
+
U
∂X
∂Y
∂X ρ nf α f

U

Tc

385

401

1.67
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Table 2 Validation of the present results with
Aminossadati and Ghasem [6].
Rayleigh Number

The cooling performance of the nanofluid

b=0.2

We consider in this part, an enclosure filled with Cu–water
nanofluid with a heat source located in the middle of the bottom
wall (b=0.4L) and the top of wall length, a=L/3. Fig. 2
illustrates the effects of Rayleigh number to streamlines(left)
and isotherms(right) for the case of pure water (indices f) and
nanofluid (indices nf). In this figure, the heat source is located
in the middle of the bottom wall (b=0.4L), symmetrical flow
and temperature patterns are observed in the enclosure.
Ψmax,f=0.022

Present

104
0.1816

105
0.1485

106
0.1042

0.1815

0.1485

0.1040

0.03

0.0

0.04

work
Aminossad
ati and Ghasem
Error(%)

Ψmax,nf=0.012

Θmax,f=0.269

Θmax,nf= 0.202

Ra=103

Ψmax,f=0.0.24

Ψmax,nf=0.013

Θmax,f=0.0270

Θmax,nf= 0.203

Ra=104

Ψmax,f=2.6

Ψmax,nf=1.65

Θmax,f=0.207

Θmax,nf= 0.194

Ra=105

Ψmax,f=9.62

Ψmax,nf=8.30

Θmax,f=0.116

Θmax,nf= 0.108

Ra=106

Figure 2 Streamlines (left) and isotherms (right) for the (f) pure water (nf) nanofluid (Cu–water), at different Rayleigh numbers
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For the case of Ra=103 (Fig.2 top), it is clear that, the
addition of nanoparticles to pure water reduces the strength of
flow field, this results are observed by other researchers [3-4]
and the two counter-rotating rotation cells within the enclosure
are intensified. The isotherms indicate that the reduction is
more distinct at low Rayleigh numbers where conduction heat
transfer dominates. For high Rayleigh numbers the convection
heat transfert dominates. It is also apparent that as nanoparticles
are added, the maximum dimensionless temperature is reduced
which shows the perfection of cooling performance.
The surface temperature of heated surfaces with fixed heat
flux is not uniform and has a maximum value where the
temperature difference with the adjacent flow is minimal (Fig.
3a). At this point, for all Rayleigh numbers, the corresponding
Nusselt number is minimum (Fig.3b). Fig. 3 shows that the
maximum surface temperature of the heat source is reduced by
increasing the Rayleigh numbers. This reduction is less evident
as the heat transfer mechanism within the enclosure shifts from
conduction (low Rayleigh ).

The effects of heat source length
In this case of the study, the effect of heat source length
located in the bottom wall of the conical container is
considered. Fig. 4 shows the effects of heat source lengths
(b=0.3L, b=0.7L and b=L), on the isotherms at Ra =103; 104,
105 and 106. The figures show that as the heat source length
increases, the higher temperature patterns are observed. This
can be explained by higher heat generation rates as the heat
source length increases. Moreover, higher heat generation rates
are associated with stronger buoyant forces which intensify the
circulating cells. It is also noted that since the heat source
remains in the middle of the bottom wall, symmetrical
circulating cells are generated regardless of the length of the
heat source. The isotherms also have symmetrical shape at each
Ra, with a heat source (b=0.4L) located in the middle of the
bottom wall (Fig.4 left), however, they display different
behaviours as Rayleigh number changes. For the cases of Ra
=103 and 104, where conduction dominates the flow regime, the
isotherms are distributed near the heat source and tend to be
parallel to the heat source. As the Rayleigh number increases,
isotherms display more distinguished boundary layers. It is clear
that the flow and temperature patterns are influenced by the
presence of nanoparticles. The isotherms show that as the heat
source length (b=0.7L), see Fig. 4(middle), the maximum
temperature increases. This can be explained by the distance
that the fluid needs to travel in the circulating cell to exchange
the heat between the heat source and the left cold wall. In fact,
the closer the heat source is to the left cold wall, the higher heat
removal and the lower heat source maximum temperature is
achieved. Two unsymmetrical circulating cells with unequal
strengths are observed when the heat source is located next to
the left wall. The isotherms show that as the heat source length
(b=L), the maximum flow temperature increases further. As is
clearly shown in contour plots of isotherms (Figure 4),
convective heat transfer dominates the temperature distribution
for the cases of Ra =105 and 106. It can be seen that in the
convection dominated flow regime, the maximum temperature
decreases as Rayleigh number increases due to stronger
buoyancy forces. As the length of the heat source increases, the
maximum temperature continuously increases due to the higher
heat flux generated by the heat source.
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In this part of the study; the effect of sidewall inclination in
flow structure and the isotherms for various inclination angle of
inclined wall of the enclosure are determined. The main
parameter varied in the calculations was the cone angle α.
Calculations were carried out for tangent α=2 (triangle
geometry), tangent α=3, tangent α=4 and α=90°( square
geometry) and the limiting case of b=0.4L, when the heat
source is located in middle bottom wall. For the majority of

0.8

X

(b)

Figure 3 Case of b=0.4L and a=L/3: a) Profile of local
temperature along the heat source for various Rayleigh
numbers. (b) Profile of local Nusselt number along the heat
source for various for various Rayleigh numbers.
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calculations the Rayleigh number chosen was 104 and 105. The
lower Rayleigh number corresponds to a conduction and
convective heat transfer dominates the temperature distribution
for the case of Ra =105 . As can be seen in Fig. 5, the maximum
temperature increases with increasing values of α in case of
Ra=104, but it is clear if the Rayleigh number increases until
Ra=105, the maximum temperature decreases.

CONCLUSION
The results of numerical simulation have been presented
for the flow generated in a truncated cone filled with nanofluid
(water-Cu). The effects of Rayleigh number, heat source length
and inclination angle of inclined wall of the enclosure are
studied. The finite volume method has been used to numerically
solve the transport equations. Our numerical simulations have
been presented for various values of the Rayleigh number
Ra=103, 104, 105, and 106, and various values of the heat source
length (0.3L, 0.7L and L), for various inclination angle (tg α=2,
tgα=3, tgα=4 and α=90°). The main results obtained in this
study are as follows.
• The computer code developed in this study was validated
with the results found in the literature, and good
agreement has been obtained.
• When the nanoparticles are added, the maximum
temperature is reduced which shows the perfection of
cooling performance.
• The maximum surface temperature of the heat source is
reduced by increasing the Rayleigh numbers.
• The maximum temperature increases with increasing the
heat source length.
• A decreasing angle of inclined wall led to the decreasing
the maximum temperature, when the heat transfer
mechanism conduction dominated flow. The effects were
also reversed if the convection dominates the flow
regime.

Ra=103

Θmax,nf= 0.202

Θmax,nf= 0.222

Θmax,nf=0.239

Ra=104

Θmax,nf= 0.204

Θmax,nf= 0.223

Θmax,nf=0.243

Θmax,nf= 0.211

Θmax,nf=0.223

Ra=105

Θmax,nf= 0.189

REFERENCES
[1] Khanafer K., Vafai K., Lightstone M., Buoyancy-driven heat
transfer enhancement in a two-dimensional enclosure
utilizing nanofluids, International Journal of Heat and
Mass Transfer,Vol.46 (19), 2003,pp.3639-3653.
[2] Jou R.Y., Tzeng S.C., Numerical research of nature
convective heat transfer enhancement filled with nanofluids
in rectangular enclosures. International communication of
Heat and Mass Transfer, Vol. 33 (6), 2006, pp. 727–736.
[3] Oztop H.F., Abu-Nada E, Numerical study of natural
convection in partially heated rectangular enclosures filled
with nanofluids, International Journal of Heat Fluid
Flow,Vol 29 (5), 2008, pp. 1326–1336.
[4 ] Aminossadati S. M., Ghasemi B.,
Natural convection
cooling of a localised heat source at the bottom of a
nanofluid-filled enclosure. European Journal of Mechanics
B/Fluids, Vol.28, 2009, pp. 630–640
[5] Patankar S.V, Numerical Heat Transfer and Fluid Flow,
McGraw-Hill, New-York, 1980.

Ra=106

Θmax,nf=0.114

Θmax,nf= 0.121

Θmax,nf=0.130

Figure 4 Isotherms at different heat source length,
b=0.3L(left), b=0.7L(middle) and b=L (right) for the nanofluid
(Cu–water).

Fig. 6 shows the profile of temperature and local Nusselt
number along the heat source for different inclination angle of
inclined wall of the enclosure. Symmetrical profiles are
obtained for Rayleigh number (Ra=104 and 105) for the middle
of the heat source (b=0.4L). Fig. 5 shows that the maximum
surface temperature of the heat source is reduced by decreasing
the angle of inclined wall, at low Rayleigh numbers. When the
heat transfer mechanism convection (high Rayleigh numbers)
dominated flow, the maximum surface temperature is increased
by decreasing the angle of inclined wall.
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obtaining maximum efficiency. The effects of
design parameters such as absorber temperature,
concentrating ratio, and convective heat transfers
are considered for the investigation. The tests have
been done in Khoozestan, Iran for a month with the
average dish focal temperature of 600 ºC and the
results show that the smart design of solar tracking
control system can place the dish in front of the sun
in the manner that the sun ray hits vertically on the
dish for achieving the maximum efficiency.

ABSTRACT
There are a variety of technologies that have been
developed to take the advantage of solar
energy. This paper reports the technical advantages
and challenges of dish stirling with solar tracker, to
make a preliminary estimate as to the technical
feasibility of such a system. For this reason, a
small-scale experimental dish stirling consisted of a
90 cm diameter dish was built and a new solar
tracker based on microcontroller was applied for
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1.

of irreversibility of the regenerator and heat transfer
process in heat sink sources [29]. Sieniutycz and
von Spakovsky [32] presented a thermal exergy
method to the finite-time processes. Sahin and
Kodal [33] proposed a novel thermo-economic
analysis based on an objective function defined as
the power output per unit total cost. Tlili evaluated
the effects of regenerating effectiveness and heat
capacitance rate of external fluids at the heat source
sink on the maximum performance [34].
This study includes the design and construction of a
microcontroller-based solar dish tracking system
and commences by providing a high level overview
of the sun tracking system field and then describes
some of the more significant proposals for the
closed-loop and Open-loop types of sun tracking
systems. Finally, the thermal energy produced by
the solar dish can be used for one cycle of stirling
motor to generate electricity and cooker and
absorption chillers.

INTRODUCTION

Renewable energy solutions are becoming
increasingly popular. Solar energy systems have
emerged as a viable source of renewable energy
over the past two or three decades, and are now
widely used for a variety of industrial and domestic
applications. Such systems are based on a solar
collector, solar dish, designed to collect the sun’s
energy and to convert it into either electrical power
or thermal energy. As such, it is vital that those in
engineering fields understand the technologies
associated with this area. In order to maximize the
power output from the solar panels, one needs to
keep the sun dish aligned with the sun. Such as, a
means of tracking the sun is required.
The Stirling cycle is one of the standard air cycles
of heat engines [1, 2]. Maximum efficiency and
wide range of fuels that can be applied for heating
can be pointed out as some advantages of this
engine [2–4]. The Stirling engine can theoretically
be a very efficient engine to convert heat into
mechanical work. The thermal limit of the
operation of the Stirling engine depends on working
temperatures on the heater and cooler sides. In most
cases, the engine operates with heater and cooler
temperatures of 923 and 338 K, respectively [5].
The engine efficiency ranges from 30% to 40%
coming from a typical temperature range of 923–
1073 K and the maximum operating speed range of
2000–4000 RPM [6–11]. Kongtragool and
Wongwises [8] studied the influence of regenerator
efficiency and dead volume on the work as well as
efficiency of the machine.
The idea of coupling for solar concentrators to
Stirling engines is a novel technology which
facilitates conversion of solar power into electric
energy. For this reason, a dish collector with the
parabolic arrangement of its mirrors is applied to
concentrate solar radiations on the focal point of the
collector, in which heat absorber of the engine is
located. Thus, solar power is collected and
concentrated towing to a parabola of mirrors. In
recent decades, studying the optimum performance
of energy mechanism with thermodynamic models
has been an attractive subject for scholars [12–31].
Ladas and Ibrahim [28] proposed a finite-time
parameter as the ratio of working fluid contact time
to the engine time constant which evolves heat
transfer characteristics of the given design of
Stirling system. Kaushik et al. evaluated the effects

2. METHODOLOGY AND DESIGN
2.1. Closed-loop for Sun Tracking System
The closed-loop types of sun tracking systems are
considered based on the feedback control
principles. As shown in Fig. 1, after turning on the
control system, the first system check the
Auto/Manual switch. If the switch state is high (it
means auto mode), the control system start
searching function to follow the sun light. To
accomplish the process, four IR sensors are used to
find the sun position. The sensors output will
transfer to the micro controller (AT Mega 32), and
then the data will be evaluated by the micro
controller. Finally, the light value of the sensors
will be compared and then, the position of the
motor aligned with the greatest value which
corresponds to the sun’s position, is determined.
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Fig. 2. The installed Stirling motor upon sun dish

3.
Fig. 1. Overall sun tracking control system flowchart

MOTOR AND DRIVE SYSTEM

3.1. Stepper Motor and Driver Theory
Stepper motors are commonly used for the
precision positioning control applications [35]. All
stepper motors possess five common characteristics
which make them ideal for this application.
Namely, they are brushless, load independent; also
they have open loop positioning capability, good
holding
torque,
and
excellent
response
characteristics. There are three types of stepper
motors: permanent magnet, variable reluctance, and
hybrid. The arrangement of windings on the stator
is the main distinguishing factor between the three
types. The permanent magnet motors may be
wound either with unipolar or bipolar windings.
The sun tracker uses a unipolar step motor.
Unipolar motors have two windings with each
having a center tap as shown in Fig. 3.

As shown in above figure, the thermal energy
which the produced by sun dish can drive the
stirling motor as hot cylinder to generate electricity.

2.2. Open-loop for Sun Tracking System
According to the concept of closed loop sun
tracking, the manual function of control system will
be run if the auto / manual switch be activated. In
this mode, the operator will be able to control the
dish with orientation release to achieve the
maximum amount of sun light and efficiency.

Fig. 3. Unipolar Stepper Motor Coils
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The center taps are connected to a positive voltage
while the coil ends are alternately grounded to
cause a reversal of the field direction in that
winding. Fig. 3 shows a 4-phase motor and the
number of phases is equal to two times the number
of coils. The motor is rotated by applying power to
the windings in a sequence as shown in Table 1.

Table 1. Standard Drive Sequence Example

The motor may also be half-stepped. The halfstepping is achieved by first energizing one coil,
then two coils, then one coil, etc. The motor
specifically used in the study was a 5 volt, 7.5
degree-per-step, 4 phase, and unipolar motor. It was
decided to half-step the motor in order to provide
greater positioning accuracy which results in 3.75
degrees-per-step. The drive sequence used in this
design is shown in Table 2. In the next step, a
control circuit is needed to drive the stepper motor.
The basic control circuit for a unipolar stepper
motor is shown in Fig 4.

Fig. 4. Motor Drive Circuit

Table 2. Actual Half-Step Sequence Utilized

4.

RESULTS AND DISCUSSION

The microcontroller selected for this project had to
be able to convert the analog IR sensor voltage into
digital values and also provide four output channels
to control stepper motor rotation. The AVR (at
mega32) was selected as microcontroller and
solution of these requirements. An eight MHz
crystal oscillator was also applied in conjunction
with the AVR to provide the necessary clock input.
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change the solar ray into voltage regarding to the
circuit, then the produced voltage is given to the
negative pin of op-amp. A variable voltage is given
to positive pin with the use of multi turn. The opamp with comparison of these two pins considers
the status of the output in the positive and negative
saturation. This means that if the sun was found
with

This speed is sufficient for the application that a pin
diagram of the AVR is presented in Fig 5. Also, the
LCD is utilized to show the functions result.
As shown before, the sun tracker uses IR sensors
photocell for sun IR detection. Also, the complete
schematic of the sun tracking control system is
presented in Fig. 6 [36]. In this study, an lm324 opamp and a 5 kΩ multi turn were used for infrared
sensors bias. In this operation, the infrared sensors

Fig. 5. AT mega32 pin diagram

Fig. 6. IR sensor bias circuit
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setting it, the sun movement could be appeared (Fig
8).
The placement of the plate should be in the manner
that all sensors are placed in the shadow when the
dish is toward to sun. On the other hand, sun will be
located above the plate and logical 0 appeared in
the op-amp output when the dish is toward the sun.

the sensors, the logical 1 output and otherwise, the
logical 0 is taken. Four sensors are installed in front
of the dish and in the focal distance for finding the
sun. The fifth sensor at the back of the dish is
located for recognizing the day and night. The
placing of the sensors is shown in the Fig 7. With
placing a circular plate on the sensors plate and

Fig. 7. The placing of the sensors

Fig. 8. Placing a circular plate on the sensors

and the other one changes the vertical status. Fig.
10 shows obviously how the motors cause the
turning of the dish.

As it can be seen from Fig. 9, the right side sensor
has come out form the above plate shadow and it
means that the sun is shining from the left side of
the dish. Therefore, the dish should be turned to the
left side till all four sensors be under the above
plate shadow and dish located vertically to the light.

Fig. 10. Motors placement

Figure 11 shows the constructed dish stirling with
the dish width of 90 cm. The designed control
system for the heat concentrated in the focal
distance has been measured approximately 60℃
which is very suitable for starting the stirling motor.

Fig. 9. Right side sensors come out

In order to position the dish to the sun radiation
vertically, two motors are at least needed that one
of them changes the horizontal status of the dish
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Figure 11: The Stirling dish in Mahshahr, Khoozestan, Iran.

For the purpose of testing the system, we should
consider the azimuth and zenith angles. As a result,
the tracker holds the direction to the sun when the
sun passes through the zenith. No random
azimuthal rotations were observed for précised
pointing to the zenith. The azimuthal angle is
retained from the preceding direction of the tracker
because of the threshold mode. Figure 12 shows the
data of experimental measurements of the
azimuthal stabilization versus time for the sun
deviated by about 0.12° from the zenith. Several
tracks with different initial conditions are shown in
the figure. The stability of operations calibration,
pointing, and sun tracking was observed. The allday testing of only active mode and calibration
operation was performed in October.

Fig. 12. The azimuthal stabilization versus time

Figure 13 shows the fragments of the azimuth and
zenith. The effect of the sharp base deflection by
0.3° for the sun at 180° caused by displacement of
the shadow zone from the tracker along the base
can be seen in the zenith track. As can be seen from
the figures, the optimized tracker model operates
stable without failures.
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Fig. 13. Fragments of the azimuth and zenith

5.

CONCLUSION

A small-scale experimental dish stirling consisted
of a 90 cm dish diameter was built and a new solar
tracker based on microcontroller was applied for
obtaining the maximum efficiency. The effects of
the design parameters such as the absorber
temperature, azimuth and zenith angle were
investigated. The tests were done in Mahshahr,
Khoozestan for a month with the average dish
center temperature of 600ºC. The test
measurements show high efficiency of the
optimized optical tracker model. Also, the
fluctuations of the incident radiation intensity have
no effect on the microcontroller functions.
According to the tests, it is obviously distinguished
that the smart design tracker can place the dish in
front of the sun in the manner that the sun ray
shines vertically to the dish and the maximum
efficiency is attained.
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ABSTRACT

coal-based power plants, attempts to develop HHV estimation
models still continue. Numerous correlations for calculation of
HHV from ultimate composition are available in the literature.
A comprehensive list of the regression-based correlations
predicting the HHV of coals is provided in Table 1.

The ultimate analysis based correlations have proved to
have a strong ability in estimating higher heating value (HHV)
conveniently and accurately. There exists a variety of
correlations for the estimation of coal calorific value based on
ultimate analysis. However, Turkish lignites have low calorific
values and there are lack of studies based on ultimate analysis
to estimate Turkish lignites calorific values. Therefore, in this
study, the relationship between the ultimate analysis of Turkish
lignites and their HHVs have been investigated using a
multivariate non-linear regression analysis. A high degree of
correlation between actual and predicted HHVs was observed.
The proposed in this study is highly promising for use in
designing and operating of power plants for Turkish lignites and
offers capability to compute HHV of any Turkish lignites from
its ultimate analysis.

TABLE 1. A REPRESENTATIVE LIST OF THE
CORRELATIONS FOR PREDICTING HHV OF COAL

MODEL

0.3278C + 1.419H + 0.09257S − 0.1379O + 0.637
64.62 − 0.262C − 0.579O − 0.46S
37.4541−14.2040(O/C)−21.2929(O/H)
145.9C + 569.6H –53.89O + 43.08S – 6.3ASH

REF.
[7]
[8]
[9]
[10]

The calorific value estimation of the low-grade Turkish lignites
was not studied enough in the literature. In this study, to predict
the HHVs of Turkish lignites, a new empirical formula using
ultimate analyses data was developed.

INTRODUCTION
Calorific value is an important property, indicating the
useful energy content of coal and, thereby, its value as fuel [1].
The calorific value is usually expressed as the higher heating
value [2]. The HHV refers to the heat released in a combustion
reaction, taking into account the fact that the original and
process-generated water was in the condensed liquid state [3].
There are various models for calculating calorific values of
coals have been proposed [4, 5]. These models, according to the
input parameters, can be classified into two groups: proximate
analysis based and ultimate analysis based models [6]. The
proximate analysis based models are limited. In contrast,
ultimate analysis based models provide a rapid and easy
estimation of the HHV with the highest accuracy as possible.
Through its importance in designing, operating and optimizing

Sample
In order to develop a generalized and unified correlation to
the extent possible, care have to be taken to include data points
of widest range of elemental composition and HHV [4]. In this
study, a total of 16 Turkish lignite samples have been selected.
The datasets were divided into training (75%) and testing (25%)
that were selected randomly. Table 2 shows the training dataset
of calorific values of Turkish lignites with their measured
elemental compositions.
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TABLE 2. TRAINING DATASET OF TURKISH LIGNITES
CALORIFIC VALUES WITH THEIR MEASURED ELEMENTAL
COMPOSITIONS
Sample

N%

C%

H%

O%

S%

C1

0,89

C2

1,54

39,18

2,78

5,05

8,82

41,48

2,81

2,8

C3

6,63

1,06

33,35

2,07

2,03

9,55

C4

0,24

29,45

1,4

1,48

24,37

C5

0,74

49,91

2,93

1,95

15,09

C6

1,42

53,6

3,07

2,62

13,32

C7

1

28,4

1,73

4,62

4,42

C8

0,37

40,89

2,44

0,63

4,15

C9

0,73

49,26

2,99

1,95

16,1

C10

1,17

52,1

3,27

7,26

13,19

C11

1,01

51,35

3,31

0,83

12,73

C12

0,54

36,66

2,35

0,55

14,65

HHV=-46.032*N+78.083*C+354,680*H -1,988*O-34,883*S

(2)

Oxygen in the ultimate analysis based models has the negative
coefficient because it reacts with some of the carbon and
hydrogen in the form of CO, H 2 O, phenols (OH) etc [11].
RESULTS AND DISCUSSION
The nonlinear regression model was tested for reliability
using the testing dataset. In Fig. 1, the relationship between the
predicted values (Y-axis) and those obtained experimentally (Xaxis) using data from the bibliography are shown in order to
validate the equations proposed in this article.

The testing dataset was not utilized at any point during the
training of the development of the nonlinear regression model.
TABLE 3. TESTING DATASET OF TURKISH LIGNITES
CALORIFIC VALUES WITH THEIR MEASURED ELEMENTAL
COMPOSITIONS
Sample

N%

C%

H%

O%

S%

T1

1,56

67,08

4,12

1,12

14,11

T2

1,43

62,08

3,88

1,45

13,86

T3

0,53

30,06

1,78

0,97

16,59

T4

1,09

52,41

3,29

1,34

13,34

FIGURE 1. COMPARISON BETWEEN CALCULATED AND
MEASURED HHV FOR THE DEVELOPED CORRELATION
BASED ON ULTIMATE ANALYSIS

The test data was used to show the goodness of the proposed
correlation. The considered criteria for the test data of HHV
estimation is the determination coefficient (R2) here.

The determination coefficient (R2) above 0.9998 shows
the good agreement existing between the experimental HHVs
and those computed using this method.

Methodology
CONCLUSION
Depending upon the chemical functional groups of the
fuels, the heating values may differ [11]. The HHV prediction
models for the ultimate analysis components can be introduced
as follows [12]:
HHV= γ1*N + γ2*C + γ3*H + γ4*O + γ5*S

The design and operation of coal power plants rely
substantially on several coal characteristics, namely, heating
value, moisture, ash content and ultimate composition. Thus,
this work was developed trying to obtain some reliable wide
range equations to relate HHV and elemental composition for,
mainly, Turkish based lignite samples and some conclusions.
A high degree of correlation between actual and
predicted HHVs was observed. Therefore, this study indicate
that correlations developed from ultimate analyses can provide
HHV predictions with higher accuracy. The main advantage of
this correlation is, based on only ultimate analysis data, it
provides a rapid and easy estimation of the HHV. The proposed
in this study is highly promising for use in designing and
operating of thermolysis process and offers capability to
compute HHV of any coal samples from its ultimate analysis.

(1)

where H, C, O, N, and S, are the content of hydrogen, carbon,
Oxygen, Nitrogen, Sulphur, and ash, respectively, expressed in
percentage on dry basis and γi's are the numerical coefficients.
The nonlinear regression model was determined using a
training dataset. The model equation was solved in MATLAB
for the optimization of the values of the nonlinear regression
model coefficients, based on developing statistical correlations
between the training dataset of the HHV and the ultimate
analysis results. The fitted model was found as follows:
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ABSTRACT
The popularity of micro-cogeneration systems are
increasing day by day on the market. Micro-cogeneration
systems provide power and heat at the same time from the
single energy source so that the total system efficiency
increases compared to conventional power generation systems.
Therefore, energy consumption, emissions, and energy costs
reduce. In this study, micro cogeneration systems were
investigated and compared with each other. This technology
can be easily applied, such as in offices, homes, hospitals,
commercial buildings, schools, shopping centres etc. In this
context, internal combustion engine, micro turbine, Stirling
engine, fuel cell and solar micro-cogeneration systems were
introduced and some system samples from the literature and the
market were given systematically. Additionally, energy
efficiency and some technical details of these systems were
evaluated and compared with each other.

units [1]. Another definition is made by EU as “cogeneration
unit with maximum capacity below 50 kW el ”[2].
In conventional power plants, where principally electricity
is generated; and the waste heat cannot be used because of the
difficult transportation, the efficiencies are low. On the other
side, in micro-cogeneration systems the waste heat can be used
due to the local consumption. This provides an increase of the
efficiencies.
The main advantages of micro-cogeneration systems are:

INTRODUCTION
Energy is used in every sector so there is an inseparable
relationship between energy and economy. Therefore, countries
must use the restricted sources efficiently. The need for energy
is increasing with population growth and technology, each
passing day. A large amount of energy in the world is used for
building heating and electricity production. Efficient use of
energy is important to supply this energy requirement.
There is a lot of ways to use the energy efficiently.
Cogeneration systems are one of them. Combined heat and
power (CHP) technology is a well-known and installed
engineering solution for supplying the energy efficiently.
However, it is new that the market is getting ready now also for
small-sized CHP units which are called as micro-cogeneration
(micro-CHP) systems. Micro-cogeneration is the simultaneous
production of heat and power based on small energy conversion
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•

Heat, hot water and electricity can be produced from
the single source.

•

The total system efficiency increases compared to
conventional power generation and heating systems.
Thus, fuel consumption and emissions will decrease as
shown in Figure 1.

•

Generating electricity on-site could save carbon
dioxide production compared with using grid
electricity and a standard heating boiler.

•

After the own usage, excess energy can be sold back
to the national grid.

•

The systems can be fit to the existing standard boiler.

•

It provides electricity for local consumption at times of
requirement and so the system losses can be prevented
because of the local production.

Figure 1 Conventional generation in comparison to cogeneration system [3]
On the other hand, these systems have some disadvantages.
They are still developing so prices are still relatively high and
the systems are still being adjusted. Noise production of micro
CHP’s is a relatively large problem and because the system is
new, it will take time for people to use this system easily.

Micro-CHP systems can be classified on the basis of type,
technology and applications. In this study, micro-cogeneration
systems were classified on the basis of type as follows which
was given in Figure 3.

In this study, micro-cogeneration systems were introduced
and given some system samples from the literature. Moreover,
energy efficiency and some technical details of these systems
were investigated and then compared with each other.
MICRO-COGENERATION SYSTEMS
Micro-cogeneration or micro combined heat and power
(micro-CHP) is a technology which generates heat and
electricity from the same energy source at the same time, in
homes, buildings, schools, hospitals etc. as shown in Figure 2.
In micro-CHP systems, different sources can be used like
conventional fuels (coal, diesel, gasoline, and natural gas),
biofuels (biomass, biogas, biodiesel, bioalcohol), hydrogen or
solar energy.

Figure 3 Classification of micro-CHP systems
Engine Based Systems
Engines, also often known as piston engines, are heat
engines that use one or more pistons to convert pressure rise
due to combustion into a rotating motion. The conversion
process of these systems can be divided into two parts: internal
combustion engines and external combustion engines.
Internal Combustion Engines
In internal combustion (IC) engines (Otto and Diesel
engine), the fuel-air mixture combustion occurs in the cylinder
and the mechanical energy is obtained after this process.
Internal combustion engine based systems are the most
installed technology for micro-CHP applications. There is a lot
of study with related to internal combustion engine based on
micro-CHP systems [5-8]. One of the samples of these systems
which were made by Asaee et al. [8] was given in Figure 4. As
shown in this figure, after the combustion of fuel, the gas
expanded, the piston-crank mechanism moved so the
mechanical energy was produced, and then alternate current

Figure 2 Schematic diagram of the micro-CHP system [4]
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(AC) electricity was generated via a generator. The waste heat
from the exhaust is used for domestic heating (DH).

studies with micro gas turbines were given in literature [14-18]
and one of the samples of gas turbine based micro-CHP was
given in Figure 5.

Figure 4 Schematic diagram of the internal combustion engine
based cogeneration system [8]

Figure 5 Schematic illustration of the gas turbine based
cogeneration system [19]

External Combustion Engines
In external combustion engines (Stirling and steam engine)
flame occurs outside the cylinder, and then the mechanical
energy is obtained with the motion of gases. Studies with
external combustion based micro-CHP systems generally focus
on Stirling engines [9-12]. Small size and quiet operation mean
that they will be suitable especially for residential applications.
Micro CHP’s with Stirling engine work like normal heating
systems which are fuelled with gas, liquid or solid for example
in a boiler, and produce electricity as long as there is a demand
for heating. When there is no demand for heating or when the
electricity supply is insufficient, electricity is simply taken from
the net. Stirling based micro-CHP systems can be placed into
the boilers or outlet of the boilers or any hot region of heat
sources.

Steam Turbine
In this turbine, high pressure steam is generated in a boiler,
and then expanded in a steam turbine and after this process the
mechanical energy is produced. Steam turbines work based on
Rankine cycles. In micro-CHP systems, generally Organic
Rankine Cycle (ORC) is widely applied. An organic fluid
which has lower boiling temperature than water is used as
working fluid in an ORC system [20]. Some studies with
related steam turbine based on micro-CHP were given in [2024] and schematic diagram of these systems were shown in
Figure 6.

Turbine Based Systems
Turbines act as rotary mechanical equipment that extracts
energy from a fluid flow and converts it (via blades) into useful
mechanical energy. Micro-turbines extend turbine technology
to smaller scales. Micro-turbines can be divided into two parts:
gas turbines and steam turbines.
Figure 6 Schematic illustration of the steam turbine based
cogeneration system [19]

Gas turbine
The working principle of the gas turbine is similar to the
steam turbine. But in gas turbines, gas is used instead of water
vapour. High-temperature and high-pressure gas are produced
by the combustion and then this gas enters a turbine to produce
a mechanical energy. Micro gas turbines present several
advantages compared to other technologies for small-scale
power generation [13]. For example, compact size and lowweight per unit power lead to reduced costs, a small number of
moving parts and lower noise. They are primarily fuelled with
natural gas, but they can also work with diesel, gasoline or
alternative fuels such biogas, biodiesel, bioethanol etc. Some

Fuel Cell Based Systems
The conversion process of these systems includes
electrochemical process which converts hydrogen and oxygen
directly into electrical energy without any combustion process
and moving parts. Fuel cell micro-CHP systems are based on
the low temperature (about 80 °C) polymer electrolyte
membrane fuel cells (PEFC or PEMFC), or on high
temperature (about 800–1000 °C) solid oxide fuel cells (SOFC)
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COMPARISON OF MICRO-COGENERATION SYSTEMS
In this paper, five types of micro-CHP systems, which are
available on the market and suitable for residential usage, were
reported in Table 1. The main characteristics of some microCHP systems, based on internal combustion engine, Stirling
engine, micro gas turbine, micro steam turbine and fuel cell
were reported in this table. As shown in Table 1, all systems
showed amendments in itself. For example, at ICE based
systems total efficiencies varied in the range of %84-%95.3.
Generally, thermal output powers were higher than electrical
output power in all micro-CHP products. The solid oxide fuel
cell based on micro-CHP which was manufactured by Hexis
Galilelo has the highest total efficiency. The highest electrical
efficiency was obtained with CFCL BlueGen manufacturer, but
it should be noted that this system has lower total efficiency
compared to others.

[25-31]. General system illustration of fuel cell based on microCHP system is shown in Figure 7.

Figure 7 Schematic illustration of the fuel cell based
cogeneration system [31]

Table 1: The main characteristics of micro-CHP systems

Noise production of these systems is one of the most important
topics. In the study of Wu and Wang [47], they made a review
with combined cooling, heating and power. They said that the
ICE based on CHP systems were loud, micro-turbine and
Stirling engine based on CHP systems were fair, and fuel cell
based on CHP systems were quiet.

efficiency. In general, the thermal output powers are higher
than the electrical output power in all micro-CHP products. In
all micro-CHP systems, the system efficiency increases
compared to conventional systems.
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ABSTRACT

While the high hardness is essential, most applications also
require high ductility to prevent breakage due to cracking.
However, transition metal nitrides generally exhibit low
ductility and toughness so bad.Certain transition metal nitrides
family such as Mo alloys and VN-VN. The interest of the
elaborated materials in the form of thin films is associated to
their structure which has allowed during these last years to an
improvement of their performances and an extension of their
application field.

The aim of this work is the characterization of molybdenum
vanadium nitride films with different content of Mo and V. The
Mo-V-N coatings were deposited on silicon and XC100 steel
substrates by RF reactive magnetron sputtering have been
characterized by different techniques: X-ray diffraction(XRD),
energy dispersive spectroscopy(EDS), scanning electron
microscopy(SEM)for thickness measurements, morphology and
composition analyses, respectively, and by nanoindentation for
hardness and Young’s modulus measurements . The variation
thicknesses of molybdenum vanadium nitride films between:
1.4 μm (at -300 V) and 2.2μm (at -900 V) show important
improvements of the mechanical and structural properties (like
the adhesion and the micro hardness). The Mo-V-N films
presented pyramidal surface morphology, high roughness but
low mechanical properties .The hardness and Young’s modulus
varied respectively between: (10GPa, 120 GPa) and (20 GPa,
335 GPa). The residual stresses of coatings are compressive and
varied between: -4, - 9GPa (calculated with the Stoney
formula).

Many studies have been made on these metallurgical coatings in
order to protect cutting tools working in severe conditions, due
to their interesting properties [1,2]. Molybdenum nitride thin
films are commonly used in industrial applications such as
diffusion barriers in microelectronics, a excellent corrosion
resistance in severe environmental conditions [3].
In this article, we filed a ternary Mo-V-N coatings on carbon
steel substrates XC100 using a magnetron PVD sputtering
system with Mo and V objectives and nitrogen as gas réactif.Le
nitride molybdenum vanadium (MoVN), a ternary nitride by
incorporation of V and Mo.

INTRODUCTION
MoVN the coatings have been reported having good oxidation
resistance without compositional and structural changes after
both as molybdenum and vanadium can form protective oxides
which have eliminated the diffusion of oxygen into the
substrate.

The transition metal nitrides (MoV, VN) are known for their
high hardness, good wear resistance, withstand heat, stability
and chemical inertness. Because of these properties, they its
use in many industrial applications, such as coating of cutting
tools and erosion protection. Scratch
resistant, which are often subject to high thermomechanical
stresses.

These compounds have been rapidly developed and their
excellent properties are reported in many papers, which are a
high oxidation resistance and hardness, or a low fracture
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coefficient compared to the Mo-N system [4], allows to
improve the physico - chemical and mechanical resistance of
the parts, and make proof to them for a wide development in the
industrial field of these due to its high chemical and thermal
stability.

The investigation techniques such as scanning electron
microscopy (SEM),microanalysis (EDS), diffraction X -ray and
nanoindentation ,were used for characterization and analysis of
the Mo -VN coating . Observations of the cross section of a
layer of Mo-N and / or Mo-VN were followed by scanning
electron microscopySEM (JEOL JSM- 5900LV) to determine
respectively the morphology,thickness and structure. We used
the EDS microanalysis in order to determine the concentration
profiles of elements such as molybdenum, vanadium, nitrogen
and oxygen. The thickness of the coatings was determined by an
optical profilometer (VEECO, Wyko NT -1100). Identification
of oxides and nitrides
( Mo and V ) thus formed , was made by the X-ray diffraction (
Siemens D500 ) with Co Kα radiation source ( 30 kV , 50 mA ,
λCo = 0.178 nm ) . The measurement of apparent micro
hardness (obtainedin 1 mN of loading) and the Young'smodulus
of these coatings is carried out using a nanoindentation (XP MTS) (typical pyramidal Berkovitch indenter) according to the
method developed by [7]. The deposition parameters of the
studied layers are shown in Table 2.

The MoVN coating have attracted more attention because of
their mechanical and physical properties. They have a high
melting point, a high chemical and thermal stability, a good
corrosion and wear resistance [5,6], have also shown that MoN
coatings are widely used for the components of the textile
machine, cutting tool, due to théier high resistance to wear,
corrosion and oxidation and especially théier high hardness.
The aim of the present work is to study the properties of Mo-VN films deposited by RF reactive magnetron sputtering. The
ternary Mo-V-N films were compared to binary MoN and VN
ones. Then, the influence of vanadium content on the structure,
morphology, mechanical and structural properties of the Mo-N
system was investigated.
MATERIALS METHODS

Table 2. Deposition conditions and roperties4
of the MoN and MoVN Coatings

1.1 Coating deposition technique
We Have Made the deposit MoVN by Method Spray RF
magnetron on a System (NORDIKO type 3500–13.56 MHz) on
a silicon substrate (100)
( 10x10 mm ², 380 microns thick) and another steel XC100 (D
= 15 mm , thickness 3 mm ) with the fallowing chemical
composition ( % by weight ) :
Tabale 1.

Coating

V
bias
(-v)

MoN
MoVN

0

Tabale 1. Chemical composition of XC100 steel

300

XC100
min
max

500

C
0.95
1.1

Mn
0.25
0.40

Si
0.1
0.35

Cr
1.3
1.6

Ni
0.3
-

700

Young’s
Mo
bias
(-v)

Thickness
( µm)

900

1.1
1.4
1.8
2
2.2
2.5
1.6

700
500

Hardness
(GPa)

modulus
(GPa)

16
13
12
9
19
6
20

320
318
316
245
325
250
335

900
the percentage of Mo is (99.95 at. %) and a pure V (99.98 at.
%). In films MoVN, we fixed the V applied voltage at −900V
and we made a variation of the Mo one (−500 and −700 V),then
we fixed the Mo applied voltage at −900V and we made a
variation of the V one (−300, −500, −700 and −900 V . The
pressure used is 4μbar, steel substrates (XC100 type) were
mechanically polished and ultrasonically cleaned by
trichloroethylene, acetone methanol successively about 5 min
for each, then it were subjected to ion bombardment cleaning
just before coating deposition to obtain a R a roughness of 0.05
μm , before being charged on the substrate-holder located 80
mm. The substrate temperature during deposition was estimated
around 150-200 °C.

Finally, the compressive residual (σ) of these coatings stresses
are calculated with the formula of Stoney [8].
RESULTS AND DISCUSSION
According to the spectrum of X-rays diffraction
Figure 1

1.2 Characterization and analytical methods
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Fig2.The spectra of X-ray diffraction coatings (Mo-N, Mo-V-N
and V-N).

We note that most of the peaks of phases :
Mo 2 N ( 111 ) , Mo 2 N ( 200 ) and Feα , there are also VN peaks
( 111 ) and VN ( 200 ) respectively at 43.96°C and 51.83°C and
the peaks of low intensity of V 2 N (110) at 43.03°C . These
peaks were also detected for the coatings (V -Ti- N). [12]. A
vanadium oxide V 5 O 9 (101) and (0-22) of low intensity peaks
were also detected respectively at 30.58°C and 35.50°C.In
contrast, the VN (111) and V 2 N (110) orientations gradually
emerge, that is probably caused by the increase in the applied
power of the V target (bias voltage). This suggests that the MoV-N films are a solid solution composed of Mo and V, where
Mo atoms are substituted by V ones. Moreover, as the structural
property and the lattice constants of MoN and VN are very
similar], this is not so easy to determine the real composition of
these Mo-V-N phases. VN is of interest for applications
requiring hard, and corrosion resistant materials [13].
Figure.3a shows the absence of grain structure on the
molybdenum film.

Fig.1. XRD Spectra of Mo and Mo-N thin films.

We note that, in addition to the peaks (110), (211) and (200) of
the cubic structure α-Fe, there are also peaks (111) of the
tetragonal structure Mo 2 N, who is present for all concentrations
of nitrogen. For low nitrogen concentrations (˂ 10% N 2 ) in the
sputtering gas, cubic Mo 3 N 2 is formed and transforms to
hexagonal structure Mo 5 N 6 (for 30% N 2 ). Increasing the N2
concentration to 40% N 2 , results in a strong hexagonal MoN
peak. Mo 2 N and MoN phases are identified as β Mo 2 N - and δ
– MoN [9]. However, the intensity of the MoN peak reduces
drastically [10], with increase in N2 concentration from 40 to
50 % amorphous phase or phase which tends to become nanocrystalline [11],have determined that the nitrogen and
molybdenum sites are fully occupied for the highly ordered δMoN phase with lattice parameters of a = 0.573659nm and c =
0.561884nm [11]. The XRD peaks corresponding to the δMoN phase observed in figure.1 have lattice constants of a
=0.574 nm and c = 0.5622 nm, which are very close to those
reported by [11]. which suggest the formation of a highly
ordered δ-MoN phase.Furthermore, the peak intensity decreases
as the Mo 2 N nitrogen concentration increases. It should be not
edhere that all the peaks of Mo- N are not properly aligned with
PDF files (ie, the positions of thes epeaks are translated to
smaller 2θ angles), so larger interplanar distances. This can
only be explained by a deviation from stoichiometry of the
layer, the N / Mo ratio being greater than 1, and therefore the
insertion probable nitrogen atoms in interstitial sites.
The spectra of X-ray diffraction coatings( MoN , MoVN and
VN ) were presented on Fig. 2

Fig.3a. SEM surface morphologies of Mo-N
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In Fig. 3b

the interfacial area (deposit / substrate) looks sharper (with a
maximum roughness in the area of about 0.5μm). This
improvement in the adhesion of the layer may be explained by
the simultaneous diffusion of these elements (Mo, V and Fe):
the molybdenum and vanadium diffuses in the substrate and the
iron diffuse in the coating.
Figure. 5a

Fig3b.SEM surface morphologies of Mo-V-N thin films.

appears grain size of about 100 nm randomly scattered over the
film (50% N 2 ), this structure was also observed for Ti-V-N and
Ti-Al-N films deposited by reactive magnetron sputtering [14].
he observation of the cross section of the MoVN film by SEM
shows that this layer presents a compact columnar structure that
appears to extend across the thickness of the coating and the
overage grain size is only of 75 nm Fig. 4.

Fig5a. Atomic percentages of the various

elements according to the applied voltage.
presents the MoVN coating composition as a function of Mo
and V target bias. First, we observe no presence of C in our
coatings and they present up to 5 at. % of oxygen which is
negligible for mechanical applications. The V content in MoVN
coatings vary between 0 and 42 at. %. It is noteworthy that V
content increases with the V target bias and the maximum value
was about 26 at. % obtained at − 900 V.
We see the variation of the hardness and Young’s modulus of
the MoN and MoVN coatings for both Mo and V target is
shown in Fig. 5b.

Fig.4.The observation of the cross section of the Mo-V-N film by
SEM.

due to low deposition temperature and low Ar pressure [15].
The latter canreach a thickness of about 2.4μm. Furthermore,
thereis an "improvement" of the adhesion of the film because
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CONCLUSIONS
Vanadium directly affects the physico-chemical and structural
properties, residual stresses were studies. Of the above results
can be deduced:
-The MoN film is well crystallized; it is very dense and presents
good mechanical properties.
- A rough faceted grain structure with pyramid-like forms was
observed for the Mo-V-N films. According to the XRD, we can
suppose that the Mo-V-N coatings are composed of a solid
solution of substitution.
- The mechanical properties of the Mo-V-N coatings were lower
than that of the MoN or VN binary coatings and they are more
adherent too on XC100 substrate.The VN layer showed
intermediate mechanical properties.
- We note the decrease in residual compressive stresses when
we increased the voltage V of the target can be explained by
replacing Mo atoms by those of V.
-The second point is the increase of residual stresses cause the
energy of the incident species of atoms during the sputtering
process.
Finally, through a combination of detailed structural
characterization and mechanical properties of tool steels in all,
we have shown that it is possible to synthesize nitride films of
transition metal that is both tough and ductile a highly desirable
combination of mechanical properties of materials science
aspired by many years

Figure.5b Hardness, Young’s modulus of Mo-V-N thin films as a
function of the V content.

They varied between 10 and 20 GPa and 150 and 335 GPa,
respectively. these values are lower than those of the CrAlN
coating (36 Gpa and 520Gpa, respectively)( Benlatreche et al.,
2009). the relaxation of residual stress directly affects the
hardness (Mo,V)N coatings. We note the slight decrease in
residual stresses when the voltage increases for both targets Mo
and V. In Figure. 6

Fig.6. Residual stresses depending on the applied voltage

We see that the compressive residual stresses have the same
trend as the hardness and the Young’s modulus, residual stresses
vary between -4 and -9 GPa.
The stresses MoVN layers deposited by magnetron RF
magnetron similarly evolve according to the substrate bias.
Moreover, [16]also observed this behavior for CrN layers (10
.mu.m) produced by arc evaporation. column size increases
with substrate bias until saturation stress of the layer (to -900V).
Stress relaxation beyond this polarization can be explained
through the plastic properties of MoN. It is found that the
results that were obtained by magnetron sputtering are close to
those obtained by Oden bias in the range studied.

.
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NOMENCLATURE

[7]

PVD
MoV
VN
MoVN
XC100
D
R.F
SEM
EDS

[8]

Physical Vapor Deposition
Molybdenum Vanadium
Vanadium nitride
Molybdenum-vanadium-nitride
Steel Tool
diameter of the XC100 Bar (mm)
Radio Frequency
Scanning Electron Microscopy
Energy dispersive spectrometry
Is an integer called "diffraction order"
λ
Is the wavelength of X-rays
d
known to the distance between the planes (nm)
λCo
Cut-off wavelength of the filter profile (nm)
Kα
electron from the L-shell (Kα radiation)
Co
cobalt
XRD
Extensible Resource Descriptor
θ (°)
angle that the incident X-rays diffracted or with the
lattice plane

[9]

[10]

[11]
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Mohanty et al. [2] has conducted a study for R&D project
selection with fuzzy analytical network process (ANP)
approach. The study is based on fuzzy cost analysis.

ABSTRACT
In this study, optimal welding method for aluminum
frame manufacturing process was determined with fuzzy
analytical network process. Because factors affecting
determination of the optimal manufacturing method have
interactions and those include uncertainty, fuzzy logic approach
was used. Thus, optimal welding method was determined for
the manufacturing process by taking the whole factors into
consideration. Results show that the best alternative for
aluminum frame manufacturing process is CMT welding
method.

Dargia et al. [3] have develop a framework to support the
supplier selection process in an Iranian automotive industry.
They have determined most important criteria and used fuzzy
ANP method for supplier selection.
Kırış [4] has carried out a study for inventory
classification by using fuzzy ANP approach. Application of the
study was performed in a construction firm for the management
of the engineering vehicles’ items.
In this study, welding method in aluminum frame
manufacturing process has selected with fuzzy ANP approach.
Because there are many criteria and complex interaction among
them, fuzzy ANP approach was used.

INTRODUCTION
Decision Making (DM) helps executives for determining
the best alternative in any decision problem which comprise of
procedures and criteria. DM generally depend on Decision
Support Systems (DSS) tools [1].
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FUZZY SETS
Fuzzy logic was first developed in the 1960s as a
mathematical modeling approach by Zadeh. In the 1970s,
Mamdani and Assilian succeeded in controlling a steam engine
via fuzzy system model. Interest in fuzzy logic increased
following the successful applications in the coming years after
which in 1989 laboratory for interchange fuzzy engineering
(LIFE) laboratories were established as an international study
environment by 51 companies including leading brands such as
Thomson, Hitachi, IBM, Fizzy drinks SGS, Toshiba [5].

In this study, fuzzy linguistic terms and corresponding
triangular fuzzy numbers were used. These were shown in
Table 1.

Linguistic
variables

Fuzzy
number

Triangular
fuzzy
number

Fuzzy set theory is based on the logic underpinned the
types of reasoning, which are ambiguous instead of precise [6].
In real life, classical logic is insufficient for many situations
and events. When a person ask what the weather is, the answer
can be very cold, cold, warm, hot, very hot and extremely hot.
Style of thinking and data processing of people can process the
uncertain data. However, traditional computer technology
cannot overcome this type of data [7].
In fuzzy logic, a proposition can be either true or false.
Moreover, it can be also partially true and partially false. That
is, an element can has two membership in different sets
simultaneously. In this case, trueness degree of the proposition
range from zero to one. On the other hand, it also has ‘1trueness degree’ as degree of falsity [7].
System modelling is used for symbolizing a real physical
system. While this process perform, mathematical formula or
equation is used. Most of physical systems include uncertainty
and they are too sophisticated to model it completely. This type
of systems can model with fuzzy logic approximately. Thus,
fuzzy system modelling plays an important role to describe
complicated real world systems [8].

Equally
important(EI)
Weekly
important(WI)
Strongly
important(SI)
Very
important(VI)
Absolutely
important(AI)

1

(1,1,3)

Triangular
fuzzy
reciprocal
number
(1/3,1,1)

3

(1,3,5)

(1/5,1/3,1)

5

(3,5,7)

(1/7,1/5,1/3)

7

(5,7,9)

(1/9,1/7,1/5)

9

(7,9,9)

(1/9,1/9,1/7)

Table 1. The linguistic variables and triangular fuzzy numbers for
importance.

WELDING METHODS
Although there are many welding method for
manufacturing, TIG, MIG/MAG and CMT welding methods
were considered in this study.
TIG welding is a versatile process that can be used for all
weldable materials and applications. The main application area
is stainless steels, aluminum and nickel alloys. The
concentrated, stable arc provides high weld metal quality and
an even seam, with no spatter or slag. For applications with the
highest demands on quality, for example pipelines in reactor
construction, this process is the first choice.
If it can be said that to begin with, the MIG/MAG process
proved itself highly useful for rationalized welding of
unalloyed and low-alloy structural steels, today it can be best
put to use for aluminum alloys and high-quality structural
steels, thanks to the pulsed arc technique.
The highlight of the CMT process is without doubt its
ability to join steel and aluminum. Although the steel base
material is only wetted during this brazing process and does not
melt, numerous trials always resulted in a break in the
aluminum base material, not in the weld seam [9].

FUZZY ANP
Fuzzy ANP is one of the multi criteria decision making
methods. In this method, there are several alternatives and
many criteria for decision making problem. Steps for fuzzy
ANP method was shown below:
- Determine criteria and alternatives for multi criteria
decision making problem.
- Compare alternatives with each other in terms of criteria.
- Compare criteria with each other.
- Create supermatrix.
- Create weighted supermatrix.
- Determine best alternative.

APPLICATION
Welding method selection problem for aluminum frame
manufacturing process has investigated as an application. Super
Decisions software was used for solution. Framework of the
problem was given below:

There is a main difference between classical ANP and
fuzzy ANP. While judgements for comparisons are crisp in
classical ANP, they are uncertain in fuzzy ANP. In real world
problems, judgements can uncertain while comparing two or
more alternatives. It can’t say that this alternative is better than
another. Instead of this, it can say that this alternative is a little
better than another. In this situation, degree of comparison
can’t digitize completely. However, it can state with fuzzy
numbers.
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Figure 1. Framework of the problem.

Unweighted supermatrix of the problem was given below:
Figure 4. Result of the problem

Node sensivity value for CMT was given below:

Figure 2. Unweighted supermatrix of the problem

Weighted supermatrix of the problem was given below:

Figure 5. Node sensivity value for CMT
Figure 3. Weighted supermatrix of the problem

CONCLUSION
This work has presented an application about welding
method selection problem in aluminum frame manufacturing
process. As the problem consists of many criteria and effect of
each criterion for the problem involve uncertainty, fuzzy ANP
approach was used. In fuzzy ANP, triangular fuzzy numbers
were used for pairwise comparisons. According to fuzzy ANP
solution, the best welding method for the manufacturing
process is CMT with 0,509 value.

Results for the problem according to fuzzy ANP approach
are available below:
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