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INTRODUCTION 
 
Heat transfer through thermal conduction over composite slabs 
or walls are found in many physical problems and engineering 
applications such as in fields of nuclear reactors, Internal 
combustion engines, steam turbines and boilers, refrigeration, 
ventilations and many other real life applications. The thermal 
conductivity of a material depends on so many factor the most 
important factors are Material structure, Density of material, 
Moisture content and operating conditions like pressure and 
temperature. Brian Y. Lattimer and Jason Ouellette 
conducted the Properties of composite materials for thermal 
analysis involving fires. Inverse heat transfer analysis was used 
to determine thermal and physical properties of a coupon size 
glass reinforced vinyl ester composite sample from ambient to 
800 °C these apparent specific heat capacities were input into a 
transient heat conduction model to predict the temperature 
profile through a sample.George S. Springer and Stephen W. 
Tsai (2016) reported the Thermal Conductivities of 
Unidirectional Materials. The composite thermal conductivities 
of unidirectional composites are studied and expressions are 
obtained for predicting these conductivities in the directions 
along and normal to the filaments. The results of the shear 
loading analogy agree reason ably well with the results of the 
thermal model particularly at filament contents 
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ABSTRACT 

In this study, the experiments carried out to investigate heat transfer through conduction over 
composite slabs of different materials such as Copper, Aluminum, Stainless steel, Mild steel and 
Glass. The sizes of slab materials are 10 cm of diameter, 6 mm of thickness. The effects of different 
voltages and currents values are evaluated. In this experiment materials are taken in three
combinations. Based on the experimental results the theoretical overall heat transfer, resistance and 
experimental overall heat conductance and resistance are evaluated and depicted graphically based on 
the results and explanations the reason for difference in thermal conductance of composite slabs.
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Heat transfer through thermal conduction over composite slabs 
or walls are found in many physical problems and engineering 
applications such as in fields of nuclear reactors, Internal 
combustion engines, steam turbines and boilers, refrigeration, 
ventilations and many other real life applications. The thermal 
conductivity of a material depends on so many factor the most 

ant factors are Material structure, Density of material, 
Moisture content and operating conditions like pressure and 
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glass reinforced vinyl ester composite sample from ambient to 
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below about 60%. Hasselman and Lloyd F. Johnson 
developed the Effective Thermal Conductivity of Composites 
with Interfacial Thermal Barrier Resistance.
 
Literature Survey 
 
Haktan Karadeniz et al. (2007)
on the coefficients of thermal expansion of fiber reinforced 
composite materials the effective coefficients of thermal 
expansion (CTE) of fiber reinforced composites are studied by 
micromechanical modeling using the finite element method the 
expansion behavior of different material systems with respect 
to fiber content was determined numerically Jianwei Che
(2000) developed the Thermal conductivity of carbon 
nanotubes. As the sizes of electronic and mechanical devices 
are decreased to the micron and nanometre level, it becomes 
particularly important to predict the thermal transport 
properties of the components. The 
thermal conductivity of the graphite crystal is naturally 
reflected in the carbon nanotubes. We found that the carbon 
nanotubes have very high thermal conductivity comparable to 
diamond crystal and in-plane graphite sheet. Savo
(1995) conducted the stress analysis of multilayered plates 
subject to thermal and mechanical loads are presented in the 
context of the three-dimensional quasi
elasticity. Polynomial and exponential temperature 
distributions through the thickness are considered. Numerical 
results for plates with the simply supported boundary 
conditions are presented. Asma Yasmin
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Hasselman and Lloyd F. Johnson (2015) 
developed the Effective Thermal Conductivity of Composites 
with Interfacial Thermal Barrier Resistance. 

)  conducted A numerical study 
coefficients of thermal expansion of fiber reinforced 

composite materials the effective coefficients of thermal 
expansion (CTE) of fiber reinforced composites are studied by 
micromechanical modeling using the finite element method the 

f different material systems with respect 
to fiber content was determined numerically Jianwei Che et al. 

developed the Thermal conductivity of carbon 
nanotubes. As the sizes of electronic and mechanical devices 
are decreased to the micron and nanometre level, it becomes 
particularly important to predict the thermal transport 
properties of the components. The anisotropic character of the 
thermal conductivity of the graphite crystal is naturally 
reflected in the carbon nanotubes. We found that the carbon 
nanotubes have very high thermal conductivity comparable to 

plane graphite sheet. Savoia and Reddy 
conducted the stress analysis of multilayered plates 
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(2004) conducted Mechanical and thermal properties of 
graphite platelet/epoxy composites. An hydride-cured 
diglycidyl ether of bisphenol A (DGEBA) reinforced with 2.5–
5% by weight graphite platelets was fabricated The storage 
modulus and glass transition temperatures (Tg) of the 
composites also increased with increasing platelet 
concentration, however, the coefficient of thermal expansion 
decreased with the addition of graphite platelets. Dvorak 
(2009) presented the Thermal Expansion of Elastic-Plastic 
Composite Materials Exact relationships are derived between 
instantaneous overall thermal stress or strain vectors and 
instantaneous overall mechanical stiffness or compliance, for 
two binary composite systems in which one of the phases may 
deform plastically The method is extended to discretized 
microstructures, and also to the analysis of moisture absorption 
and phase transformation effects on overall response and on 
local fields in the two composite materials. 
 
Griffis et al. (2016) conducted the Thermal Response of 
Graphite Epoxy Composite Subjected to Rapid Heating A one-
dimensional finite difference analysis describing the transient 
thermal response of fiber-reinforced organic matrix composite 
plates subjected to intense surface heating is presented A 
steady state analytic solution is also given which provides a 
reasonable estimate of the surface recession rate over much of 
the surface irradiation period. Shen (1998) conducted the 
Thermal expansion of metal–ceramic composites: a three-
dimensional analysis the thermal expansion response of 
macroscopically isotropic metal–ceramic composites is studied 
through micromechanical modeling. Three-dimensional finite 
element analyses are carried out for the entire range of phase 
concentration from pure metal to pure ceramic, using the 
aluminum–silicon carbide composite as a model system the 
three-dimensional analysis allows the thermal deformation 
behavior of interpenetrating composites to be examined in a 
realistic manner 
 
Heat transfer  through  thermal  conduction  over a composite  
slab are found in many  physical   problems and engineering  
applications  such  as  in  manufacturing furnaces, internal 
combustion  engines, heat exchangers,  heating  and cooling 
purposes etc.  For  this  the  material  to  be  selected  to  
manufacture  that  component   is  very important.  Because it 
has to   sustain to that operating conditions like temperature 
and pressure etc. without   failure. The primary objective of 
this experiment is to find the overall conductance of the metals 
using in the composite slab. Different materials used in this 
experiment are copper, aluminium, and mild steel, and 
stainless steel, glass.   
  
Experimental Setup 
 
The aim of the experimentation is to find practical results of a 
heat transfer taken place in different types of composite slab 
plates with finite wall thickness exposed to an ambient 
medium of water at constant wall temperature. The thermal 
conduction at the inner wall corresponds to the case of constant 
heat flux. To find average surface temperature,  over all 
thermal conductivity and thermal resistance both 
experimentally and theoretically for the four composite slabs. 
The experimental setup are constructed by used the various 

elements are Ana log   voltmeter (0-300v)  is  an   instrument   
used   for measuring  electrical  potential    between  difference  
two points in an  electric circuit, Ana log   ammeter (0-3A)  is 
a measuring  instrument  used to measure the electric current in 
a circuit, Heater   (250kw)is  Used to heat external surface with 
a  connected to rotary switch, Thermocouples are  measures  
heat  upon  the heat  transfer taken  place  in  the  different  
composite slab plates by producing voltage and it is connecting 
to rotary switch, Rotary switch  is rotating   switch   equal to 
10 switches arranged linearly, AC controller (220/240v)  is  
used   for  adjusting   voltage   given   to heater  Glass wool is 
used as an insulating material  for the tubes 
 

 
 

Fig. 1. Experimental setup 
 
The four slabs are clamped using bolts and nuts. On the bottom 
side of the composite wall a heater is fitted and at the top there 
is a cooling jacket. The losses from Composite wall are 
minimized by providing thick insulation all around it to ensure 
undirected heat flow. The thermocouples are arranged at three 
different position of each slab. The connections are shown in 
circuit diagram Fig.2. 
 

 
 

Fig.2. Circuit Diagram 
 
In the test section previously the heater coil is arranged as a 
permanent joint but we made the joint now as the temporary 
joint using slots by bolts and nuts for easy removal.  The  
circular  slab  surface  temperature  is  measured  by  3   
thermo  couples arranged along the circular slab. The 
thermocouples are attached to the circular slab by drilling 3 
holes of 3mm diameter along the circular slab. All the 
thermocouples wires are attached with the help of studs. The 
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distance between these thermocouples are varied constantly. 
The three thermocouples are used to measure the surface of the 
circular slab and one thermocouple is used to measure the 
ambient temperature. The test section consists of circular plate 
with a slab thickness of 0.1 mm and length 5mm.The circular 
plate with finite wall thickness is exposed to ambient medium 
of water at a constant wall temperature. 'The heat flux varies 
constantly (i.e., 10 V) from 70v to 90v for every orientation. 
The diameter of the circular plate is 10 cm, thickness of the 
slab is 6 mm. The length of the heater is 410 mm. The 
experimental chamber outer and inner diameters are 26 cm and 
23 cm respectively. The apparatus consists of materials having 
same thickness of copper, aluminium, mild steel, stainless steel 
and glass. This five different materials are arranged in 3 
different combinations there are mention below  
 
Combination: 1   Aluminium, Copper, Stainless steel, Glass  
Combination: 2   Copper, Aluminium, Stainless steel, Glass 
Combination: 3   Copper, Aluminium, Mild steel, Glass 
 
 
Thermo couple                                                 aluminium 
                                                                          Copper 
                                                                           
                                                                       Stainless steel 
 
                                                                         glass 
 
 
 
                                                              heater 
 
 

Fig. 3. Wire frame module of the experimental setup 
 
To carry out the experiments the following procedure was 
followed. The slabs were adjusted as required in composite 
wall instrument. The  electrical heater  was  switched on and  
the heater  input  power  then  adjusted  to give the required 
heat  flux at particular value. The  apparatus was  left  at  least  
one  hour  to  establish  steady state  condition  the 
thermocouples readings were  measured every  half an hour  by 
means  of the  Analog thermometer until  the reading became 
constant, a final reading  of temperature. The  input  power  to 
the heater  could  be increased to cover  another run in a 
shorter period  of time  and  to  obtain steady  state  conditions 
for next heat  flux.  Subsequent runs for other ranges of slabs 
were performed in the same previous procedure. During each 
test run, the following readings were recorded:  The readings 
of the thermocouples in °C.  The heater current in  amperes. 
The heater voltage in volts The inlet and outlet water 
temperatures using thermometers. The   above    same   
producer have   been   repeated   for the   another two   more 
combinations and readings have been taken 
 
Fourier’s Law of Heat Conduction   
 
The law of heat conduction is also known as Fourier’s law. 
Fourier’s law states that “the time rate of heat transfer through 
a material is proportional to the negative gradient in the 
temperature and to the area.” 

Mathematically,   
 Q∝A dt/dx 
Q=-kA dt/dx 
 Where Q is the rate of heat flow,  
         A is the area perpendicular to the flow,   
        'dt' is the temperature difference between length 'dx'  
         k is thermal conductivity  
 –ve sign indicates that decreasing temperature along 
increasing the length or thickness 
 
Heat taken over by water q = V × I 
Overall thermal conductance Uexp = q/A (T 1-T2)   (w/m2.k) 
Thermal resistance Rexp = 1 / Uexp    
Theoretical Overall thermal conductance          Uth    = 1 / ( ( l1 
/ k1 ) + (l2 / k2) + (l3 / k3) + (l4 / k4) ) 
Theoretical thermal resistance Rth= 1/ Uexp 
 

RESULTS AND DISCUSSION 
 
Average temperature variations 
 
The variations  of   average surface temperature(oc)  over a 
composite slab made  of different  materials  such  as  brass,   
asbestos,  mild  steel,  stainless  steel, aluminium for   different 
combinations   with respect to thickness (mm) along the slab is 
studied on the corresponding graphs are plotted and depicted in 
Fig 4,5  & 6.  
 
Overall thermal conductance variations 
 
The variations  of   Overall thermal conductance(w/ok) over a 
composite slab made  of  different  materials  such  as  brass,  
asbestos,  mild  steel,  stainless  steel, aluminium for   different 
combinations   with respect to average temperatures (oc)   of 
respective  materials  along  the  slab  are    studied  on the  
corresponding  graphs are plotted and depicted in fig 7,8 &9  
 
Thermal resistance variations 
 
The variations of Thermal resistance(ok/w)  over a composite 
slab made  of different  materials  such  as  brass,  asbestos,  
mild  steel,  stainless  steel, aluminium for   different 
combinations   with respect to average temperatures(oc)   of 
respective  materials  along the  slab  are    studied  on the  
corresponding  graphs are plotted and depicted in fig 10,11&12 
 

 
 
Fig4. Variation of temperature of composite slabs in combination-

1 w. r. t thickness of the slab 
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Fig5. Variation of temperature of composite slabs in combination-
2 w. r. t thickness of the slab 

 

 
 

Fig6. Variation of temperature of composite slabs in combination-
3 w. r. t thickness of the slab 

 

 
 

Fig 7. Variation of overall thermal conductance of composite 
slabs in combination-1 w. r. t temperature 

 

 
 

Fig 8. Variation of overall thermal conductance of composite 
slabs in combination-2 w. r. t temperature 

 

 
 

Fig 9. Variation of overall thermal conductance of composite 
slabs in combination-3 w. r. t temperature 

 

 
 

Fig10. Variation of Thermal resistance of composite slabs     in 
combination-1 w. r. t temperature 

 

 
 

Fig. 11. Variation of Thermal resistance of composite slabs in 
combination-2 w. r. t temperature 

 

 
 

Fig. 12. Variation of Thermal resistance of composite slabs in 
combination 3 w. r. t temperature 
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Conclusion 
 
Heat  transfer  of thermal  conduction  were  conducted  on 
composite  slabs  of three different combinations that are with 
different materials such as brass, asbestos, mild steel, stainless 
steel, aluminium in order to study various theoretical overall 
thermal conductance, experimental overall. Thermal   
conductance, theoretical   thermal Resistance and experimental 
thermal resistance for different heat inputs.  Based on 
Experimental observations the following conclusions were 
observed.  Experimental setup was developed for analysing the 
heat transfer of thermal conductance over a different composite 
slab. From the experimentation results overall thermal 
conductance values are relatively high for first combination 
compared to other two combinations. It   is   observed that   at 
lower heater   inputs   the materials   shows good conductance 
values in respective combinations. Based on experimentation 
results the thermal resistance values are a slight higher in case 
of third combination when compared to other two 
combinations. Due to thermal contact resistance the heat which 
we supply is decreasing from bottom to top.  
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