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ABSTRACT 

  This studying deals with the study of the effect of fiber volume fraction of the 

carbon, glass and Kevlar fibers and their orientation on the properties of Hybrid 

composite material. Different percentages of carbon, glass and Kevlar fibers were 

used to reinforce the matrix material (unsaturated Polyester). The fibers arranged in 

two methods according to the direction of the thermal flow. In the first method the 

fibers were parallel to the direction of the thermal flow, while the second method was 

perpendicular. The thermal conductivity measured by using Leeś disk.  The 

experimental and theoretical results proved that the value of the of thermal 

conductivity increased with increasing the fiber volume fraction of the carbon 

,Kevlar-49and glass and then reduced for Hybrid (H7and H8) for both arrangement 

parallel and perpendicular because do not hah carbon fiber. The thermal conductivity 

of parallel orientation had the highest value, while the carbon factor was the best. The 

experimental results of thermal conductivity for parallel arrangement indicated that 

the  hybrid (H6) had maximum value   3.40 W/m.k and for perpendicular was 0.245 

W/m.k for hybrid (H3).  

 

 الهجينة البوليمرية خواص المواد المتراكبة هاتها علىلألياف واتجالدراسة تأثير الكسرالحجمي 

 

 الخلاصــة

فـــــه ـــــــلب بـث ــــ  رــــة تأبيــــ  ركســــــح بــــــحبـ ـاـــــه بـــــــوا بــوأـــــــ    بــ  ــــــح 

بـهــن  بـث ــاحيــ . صنعت بـعـنـــوت   بـزجـــوج  ـنـــب مخت  ــــ  ع ى خــ بص بـاـــ بت بـاتحبكث 

ـــوا بــوأـــــــ   ـ بــ  ـــحـبـزجـــــوج.  ـــح بـااثــــــه بـايــــ ب  ـوـــــ ـــم مـــــوتب بـث ــــــه بيتــحاــ مـ

بـعـنـــوت صنعـــت فـــه مـا عتـم بـاـا عـــ  بب ــــى كونـــت فـهـــو بــــــوا بــوأـــــ   محرثــــ  

ـلانــوب بـ حبأي، بمو بـاـا ع  بـثونـ  نضات ـتحرـب ببــــوا ـاـل عا تي ع ـى ـاــــل م بزي 

 ـيـــــوس م ص ـــــ  ححبأيـــــ .  ((Lees diskببنــوب بـ حبأي. أيتخدمت  طحيي  ـه  

مــــم خـــلال ف ـــص بـعـنوت بثثتت ب  بـتحرــب بـاــــ بزي ـلاــــــوا يعمـه م صـ ـ  ححبأيـ  

(. بمــــــو فـه بـتحرــــب بـعاـ تي فـونـت بع ــــى م ص ــــ  H6ـ هــــم )  W/m.k 3.40 بع ى  ـه

ـن ـــس بـهــــــم.بـنتوئج بـعا ـ  بثثتت ب  بــوا بــوأـ   ــه      W/m.k 0.239حـحبأيــــ   ـــه 

  بـــوا ببفضل  رعمه بع ى م صـ ـ  ححبأيـ .بـنتوئج بكـدت ب  بـا صـ ـ  بـ حبأيـ  رـزتبت مـه ب ـوف

ــومم ــنخ ب فــه بـهــــم بــــوـه  بـث ــة ر ــ  بـهــــم بــــوتس ث ــح  بـزجــوج ـلوي ــو  بــــوأـ    بــ   ــ نها

 بـات بزي   بـعا تي .   ــلا بـاـا عتـم   بي ت يو  بــوا بــوأـ    
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Notation 

d1, d2 and d3 Thickness of the brass disks (m) 

ds Thickness of the composite specimen (m) 

e Convection heat transfer Coefficient (W/m2. C) 

Kc Thermal conductivity (W/m. C) 

Kc1 
Thermal conductivity of the composite specimen 

in the parallel direction of the fibers (W/m. C) 

Kc2 
Thermal conductivity of the composite specimen in the 

perpendicular direction of the fibers (W/m. C) 

Kf, Km Thermal conductivity of fibers and matrix (W/m. C) 

q Heat flux. 

r Radius of specimen (m) 

T1, T2,T3 Temperature across the copper disks(1,2,3) (C) 

Vf Volume fraction of fibers (%) 

Vm Volume fraction of matrix (%) 

dT/dx Temperature gradient (%) 

vc Volume of composite material(%) 

vf Volume of reinforced material(%) 

p Power pass though heating coil (watt) 

i Electric current pass though heating coil(Ampere) 

v Voltage across the terminal of heating coil(volt) 

ρx , ρy , ρz Density of  composites , matrix and fibers 

 
INTRODUCTION  

cientists in the field of engineering materials noticed that there are contrastive 

properties of engineering materials (metals, ceramics, and polymers) regarding 

strength (resistance), hardness and plasticity and their capabilities of bearing 

external forces, temperatures, etc…These properties could be appropriate for a 

certain application and not preferred for another. Metals are characterized of being 

heavy, quickly oxidized and corroded besides being capable of resisting great 

external forced. Ceramic materials, on the other have, can endure high temperatures 

and have a high compression force, yet they cannot stand impact loads as they are 

fragmental. Polymers have light weight, high plasticity and they do not stand external 

forces and do not oxidize [1and 2]. 

 The need for a material that has some of the above mentioned properties led to 

the production of what is known as composites. 

As a result of industrial development, composites (especially polymer composites) 

gained wide industrial fields due to their specifications and properties mostly 

S 
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required for use. Composites have become the foundation for changing and 

developing the engineering designs of many industrial goods and products, the most 

important of which is car industry, parts of aircraft and ships, building materials, 

chemical and sports uses etc…. 

Composites have the following properties: 

1-Formation capability which makes it easy to make complicated forms. 

2-Do not rust and corrode due to polarization property and root activity. 

3-Good resistance to humidity and chemical materials. 

4-Light weight and high strength which make it possible to obtain very high qualities. 

5-Good insulators for temperature and electricity [3and4]. 

 This work aimed to study the thermal conductivity of eight Hybrids which are 

manufactured from polyester reinforced with different volume fraction of carbon, 

Kevlar and glass fibers.   

F.Rondeaux etal. (2001) developed a specific thermal conductivity measurement 

facility for solid materials at low temperature where the thermal conductivity 

measurements on pre-impregnated fibers glass epoxy composite are presented in the 

temperature of 4.2 K to 14 K for different thicknesses in order to extract the thermal 

boundary resistance [5].  

Lamees A. Khalaf (2006) studied the mechanical and physical properties for 

unsaturated polyester reinforced by fiber glass and nylon fiber composites and found 

that  the thermal conductivity decreases with the increase the volume fraction, it also 

decrease with increase of nylon fiber layers for the samples of laminar reinforced 

system[6] .                                                                                                                        

Saad M. Elie (2007)studied the mechanical properties and thermal conductivity 

for polymer composite material reinforced by aluminum and aluminum oxide 

particles and found that the thermal conductivity increased with the increase of the 

weight fraction of metallic and ceramic particles and reach a maximum value of 

(0.319 W/m.C) for the composite material with (Al2O3) reinforced at a weight 

fraction of (20 %) and reached to ( 0.407 W/m.C) for the composite material with 

(Al) reinforcement at the same weight fraction [7].  

Qahtan Adnan (2008).Focused on the preparation of hybrid polymer matrix 

composite materials by (Hand Lay-Up) method, where the composite material was 

prepared from the unsaturated polyester resin (UP) as matrix reinforced by 

bidirectional woven glass fiber kind (E-glass) with afixed volume fraction of (10%) 

and graphite particles as first group of samples and the second group of samples 

reinforced with bidiraction woven Kevlar fiber kind (49) with afixed volume fraction 

of (10%) instead of glass fiber[8].        

Hayder Raheem(2013) study the effect of Nanocarbon black on the properties  

unsaturated(UP)  polyester and epoxy resins. He studies physical properties such as 

thermal conductivity and swelling test, also mechanical tests including tensile, 

compression, impact, bending, hardness and wear resistance. The experimental 

results indicated that the mechanical and physical properties are improvement [9]. 

 

THEORETICAL ANALYSIS 

The physical and mechanical properties of composite material are calculated from the 

following relations.  

The density of manufactured Hybrid was calculated from the following equation. 

 

ρc= ρm . Vm + ρf1 .Vf 1+ ρf 2 .Vf 2                 … (1) 
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      The volume fraction of both reinforced material and matrix material consider 

from important features which are effected on the properties of composites material, 

as a result of that the properties are effected such as density, modulus of elasticity, 

thermal conductivity and electrical conductivity … etc  

      The reinforced material is active within the composite material, so its volume 

fraction has more effective on the properties of material. 

The volume fraction of matrix and reinforcement material is calculated from the 

following equations. 

a- Volume fraction of matrix 

   

                                                                              … (2) 

 

 

     b- Volume fraction of fibers 

 

                                                                                                      … (3)                  

 
The thermal conductivity is defined by the following formula: 

 

               q= -k dT/dx                                                                    … (4) 

 

      The equation (4) used only for study state of thermal flow and when the thermal 

flux does not change with time. The minus sign means that the transfer of heat is 

starting from hot part to the cold part. 

The theoretical thermal conductivity is calculating by the following equation: 
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      The loss in heat (e) through the unit time (second) and through the area (m2) is 

calculated from the following formula: 
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      The theoretical thermal conductivity of composite materials is calculated from the 

following equations:- 

1-when the direction of the thermal flow is parallel to the fibers, it is calculated from 

following equation:- 

 

22
f1

VKf1
m

V
m

K
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K VKf            … (7) 

 

2-when the direction of the thermal flow is perpendicular; it is obtain from the 

following equation: 
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EXPERIMENTAL WORK  

In this work, the Lee's disk method is used for measuring the thermal 

conductivity. Hand Lay-up method was used for preparation the specimens, the 

geometry of the specimens are r =2Cm, ds =0. 6 Cm.  

 Table (1) illustrates the properties of unsaturated polyester and fibers of carbon, 

Kevlar and glass, while Table (2) represented the percentage of matrix (polyester) 

and reinforcement materials (fibers) as shown bellow.  

 

 

Table (1) the some Properties of Unsaturated Polyester and fibers of carbon, 

Kevlar, and glass [10] 

Properties Polyester Carbon 

Fibers 

Kevlar Fibers 

 

Glass fibers 

Density (g/cm3) 1.04-1.46 1.78 1.44 2.58 

Modulus of elasticity 

(GPa ) 

2.06-4.41 230 131 72.5 

Poisson's Ratio 0.33 

 

0.32 0.47 0.22 

Thermal conductivity 

(W/m. ok) 

0.17 11 1.68 1.3 

 

 

Table (2) percentage of matrix and reinforcement materials. 

Designation of 

Hybrid 

Matrix 

material 

Reinforced Materials 

Polyester % Carbon 

Fibers % 

Kevlar Fibers 

% 

Glass Fiber % 

H1 70 20 5 5 

H2 70 22 4 4 

H3 70 24 3 3 

H4 70 26 2 2 

H5 70 28 1 1 

H6 70 30 0 0 

H7 70 0 30 0 

H8 70 0 0 30 

 

The specimens reinforced with the fibers which arrangement in two ways the first 

is parallel to the direction of thermal flow and the second is perpendicular as shown 

in the Figure(1).  The temperature across the copper disks (T1, T2, T3) were measured 

by means of Lee`s disk method as present in the Figure (2). 
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(a) Perpendicular to heat source                           (b) Parallel to heat source 

                                                                                           

Figure (1) Fiber Arrangement in the Specimen. 
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(b) 

 

 

Figure (2) (a) shows the instrument of the thermal conductivity 

(b) the distribution of ( T1, T2 ,T3 ). 

 

 

The applied voltage and current were (6v) (I=0.2A), to heat the copper disks (2,3) 

and the temperatures of all disks increases gradually where temperatures recorded 

every (5 minutes) until reach the equilibrium temperature of all disks.  

The losses in heat (e) was calculated from equation (6).The experimental thermal 

conductivity (k) was calculated from equation (5) by using the experimental reading 

(T1, T2, T3) and the dimension of specimen(r, ds). The theoretical values of the 

thermal conductivity for parallel arrangement were obtained from equations (7) and 

for perpendicular arrangement from equation (8). 

 

RESULTS AND DISCUSSION 

       Table (3) shows the theoretical thermal conductivity of the composite specimen 

which had parallel and perpendicular arrangement. Table (4) illustrates the theoretical 

and experimental thermal conductivity for parallel arrangement and shows that the 

thermal conductivity increasing with adding fibers(carbon, Kevlar and glass) up to 

the Hybrid(H6) and then reduced to0.608 W/m.k and 0.496 W/m.k for Hybrids(H7 

and H8) respectively. Because the Hybrid (H7) contain only Kevlar with polyester  

and the Hybrid (H8) contain only glass with polyester This indicated that carbon fiber 

is the best and give higher value of thermal conductivity. Theoretical and xperimental 

thermal conductivity for perpendicular arrangement is presented in the Table(5)which 

shows that the thermal conductivity increasing with adding fibers(carbon, Kevlar and 

glass) up to the Hybrid(H6) and then reduced to0.230 W/m.k and 0.229 W/m.k for 

Hybrids(H7 and H8) respectively because the same reasons. Table (6) illustrates the 

theoretical and Experimental results such as theoretical density and experimental 

density, volume and weight.  

Figure (1) illustrates Fiber arrangement in the Specimen and the distribution of 

(T1, T2, T3) while the Figure (2) shows the instrument of the thermal conductivity 

Figure (3) represent the percentage of materials for the fabricated hybrids (H1-H8), 

the percentage are as listed in Table (2). 

          Figure (4) shows the percentage of materials for hybrid (H1) which consist of 

Polyester 70%, Carbon fiber 20%, Kevlar fiber 5%, and glass fiber 5%.  Figure (5) 

presents the percentage of materials for hybrid (H6) which composites of Polyster 

70%, Carbon fiber 30%,Kevlar fiber 0%,and glass fiber 0% while   Figure (6) shows 

 

 1     S      2       H   3 

T1           T2               T3      

   

 
A 
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the percentage of materials for hybrid(H7) consist of  Polyester 70%,Carbon fiber 

0%,Kavlar fiber 30%, and glass fiber 0%. 

Figure (7) illustrates the percentage of materials for hybrid (H8) which made of 

Polyester 70%, carbon fiber 0%, Kavlar fiber 0%, 4-Glass fiber 30%Figure (8)shows 

the experimental thermal conductivity for parallel arrangement which indicated that 

the maximum value is 3.40W/m.k for hybrid (H6) which consists of (70% 

polyester,30%carbon,0%kevlar,0%glass).,while the minimum value is 0.509W/m.k 

for (H8) which consists of(70% polyester, 0%carbon,0%kevlar,30%glass). 

 Figure (9) illustrates the experimental thermal conductivity for perpendicular         

arrangement which proved that the maximum value is 0.242W/m.k for hybrid 

(H6),while the minimum value is 0.509W/m.k for hybrid (H8) which fabricated from 

Polyester 70%,carbon fiber 0%,Kavlar fiber 0%, and glass fiber 30%.The both 

figures (8 and 9) emphases that the parallel arrangement is the best. Figure (10) 

shows the experimental thermal conductivity for parallel and perpendicular 

arrangement. 

It was found that the maximum difference between the theoretical and the 

experimental results was (0.55%) for the parallel direction, while for perpendicular 

arrangement was (1.25%) this difference is accepted and it is due to the working 

conditions of the preparation and test of the specimens in the experimental work, 

while the equation of the theoretical thermal conductivity based on the ideal case. 

Figure (11) shows the relationship between the experimental temperature of wall 

surface (T1and T2) of the tested specimens and the time for the Parallel arrangement 

to the Hybrid (H1) and the Figure (12) illustrates the same relation for Hybrid (H6). 

It is clear from these figures that the experimental temperatures of wall surface (T2 

and T3) increase in nonlinear relationship with time until the equilibrium temperature 

(T2=T3) take placed. 

 

Table (3) Theoretical Thermal Conductivity. 

 

Designation of 

Hybrid 

Theoretical Thermal Conductivity ( W/ m-co ) 

Parallel Perpendicular 

H1 2.468 0.237 

H2 2.658 0.238 

H3 2.848 0.239 

H4 3.038 0.240 

H5 3.229 0.241 

H6 3.419 0.242 

H7 0.623 0.231 

H8 0.509 0.230 
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Table (4) Theoretical and Experimental Thermal Conductivity  

for Parallel Arrangement. 

 

Type 

of Hybrid 

Theoretical Thermal 

Conductivity(w/m-co ) 

Experimental Thermal 

Conductivity(w/m-co ) 

H1 2.468 2.443 

H2 2.658 2.613 

H3 2.848 2.808 

H4 3.038 3.003 

H5 3.229 3.189 

H6 3.419 3.400 

H7 0.623 0.608 

H8 0.509 0.496 

 

 

Table (5) Theoretical and Experimental Thermal Conductivity for 

Perpendicular Arrangement. 

Type of Hybrid Theoretical Thermal Conductivity(w/m-co) ExperimentalThermal 

Conductivity(w/m-co ) 

H1 0.237 0.233 

H2 0.238 0.235 

H3 0.239 0.245 

H4 0.240 0.236 

H5 0.241 0.237 

H6 0.242 0.239 

H7 0.231 0.230 

H8 0.230 0.229 

 

 

Table (6) Theoretical and Experimental results. 

Type of 

Hybrid 

Theoretical 

Density 

 

Experimental Results 

volume weight 
 

Density 

H1 1.537 7.536 11.5828 1.536996 

H2 1.5324 7.536 11.54813 1.532395 

H3 1.5278 7.536 11.5133 1.527773 

H4 1.5232 7.536 11.47881 1.523197 

H5 1.5186 7.536 11.44414 1.518596 

H6 1.514 7.536 11.4092 1.51396 

H7 1.412 7.536 10.64081 1.411997 

H8 1.754 
 

7.536 13.21811 1.753995 
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CONCLUSIONS 

The main conclusions of this research are:  

1- The thermal conductivity of Hybrids is increasing with increasing of fiber 

volume fraction (Vf) and the best increasing for carbon fiber. 

2- The thermal conductivity for parallel arrangement was higher than that for 

the perpendicular. 

3- The Maximum difference between the experimental and theoretical values of 

the thermal conductivity was (0.55%) in parallel arrangement for Hybrid 

(H6) and was( 1.25%) for perpendicular arrangement for the same Hybrid. 

4- For parallel arrangement, the maximum experimental and theoretical values 

of the thermal conductivity were (3.40 W/m, C) and (3.419 W/m. C) 

respectively, while for perpendicular were (0.245 W/m. C) for Hybrid (H3) 

and (0.242W/m. C) for Hybrid (H6). 

5- The results indicated that the thermal conductivity depends on the method of 

the arrangement of reinforcement materials and the type of fibers.  

6- The using of reinforcement material (carbon, Kevlar and glass fibers) 

increased the thermal conductivity of polyester from (0.17 W/m. C) to 

maximum value (3.40 W/m. C) in the H6 for parallel arrangement, and to 

(0.245 W/m. C) in the H3 for perpendicular arrangement.    
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          Figure (3) percentage of materials for hybrids (H1-H8). 

   

 

 
           

 Figure (4) percentage of materials for hybrid (H1). 

1-Polyester 70%, 2-Carbon fiber 30%, 3-Kavlar fiber 5%, 4-Glass fiber 5%. 
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          Figure (5) percentage of materials for hybrid (H6): 

1-Polyster 70%, 2-Carbon fiber 30%, 3-Kavlar fiber 0%, 4-Glass fiber0%. 

 

 

 

 
Figure (6) percentage of materials for hybrid (H7): 

1-Polyster 70%, 2-Carbon fiber 0%, 3-Kavlar fiber 30%, 4-Glass fiber 0%. 
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Figure (7) percentage of materials for hybrid (H8). 

1-Polyster 70%, 2-Carbon fiber 0%, 3-Kavlar fiber 0%, 4-Glass fiber 30%. 

 

 

 
 

Figure (8) Experimental thermal conductivity for parallel      

arrangement 
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Figure (9) Experimental thermal conductivity for perpendicular   

arrangement 

       

 

 
Figure (10) Experimental Thermal Conductivity for Parallel and 

Perpendicular Arrangement. 
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Figure (11) Relationship between the experimental temperature of wall          

     surface (T1and T2) of the tested specimens and the time for Hybrid 

(H1)for parallel arrangement 

 

Temperature Distribution

0

10

20

30

40

50

60

70

80

90

100

0 10 20 30 40 50 60 70 80

Time (min)

T
e

m
p

e
ra

tu
re

 o
f 
w

a
ll
 s

u
rf

a
c
e

( 
C

)

T2

T1

 
Figure (12) Relationship between the experimental temperature of wall   

 surface (T1and T2) of the tested specimens and the time for Hybrid (H6) 

for parallel arrangement 


