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ABSTRACT: In a number of engineering applications more than one material is used for satisfying different working 

conditions. In a reheating furnace, high alumna bricks are used as inner walls to withstand temperature of furnaces at 

14000C. But these bricks are dense and are having good conductivity (0.7 W/mK). These bricks will tend to conduct 

heat to atmosphere and result in enormous heat loss. Whenever a temperature gradient exists within a system, or when 

two systems at different temperatures are brought into contact or interaction, thermal energy is transferred. This energy 
in transit cannot be measured or observed directly, but the effects it produces can be observed and measured. 

Engineering heat transfer therefore consists of the study of thermal energy movement by the measurement of such 

effects. It has become exceedingly important for engineers to possess a clear understanding of the principles of heat 

transfer and its application to a number of problems. With the growth of human population and its standard of living, 

the need of energy has increased manifold, strangely enough, energy is abundantly available in nature. The insulation 

provided for steam pipe cannot withstand steam pressure and hence it is placed over steel pipe. The analysis for finding 

out heat flow in a composite system may be used for plane wall or concentric cylinders or concentric spheres. The 

composite systems such as the walls of refrigerator, hot cases, i.c. engine combustion chambers, cold storage plants, hot 

water tanks. Which always have some kind of insulating material between the inner and outer walls. A hot fluid 

flowing inside a tube covered with a layer of thermal insulation is another one of a composite system because in this 

case the thermal conductivities of tube metal and insulation are different. The heat transfer occurs in composite systems 
are conduction, convection and radiation. In this paper, the methodology for evaluation and study of overall heat 

transfer coefficient on heat transfer rate through composite system. The influence of this parameter on performance of 

composite system is analyzed. Heat transfer rate is increased with increases in overall heat transfer coefficient of 

composite system obtained. 

 

KEYWORDS: Heat transfer, overall heat transfer coefficient, composite system . 

I. INTRODUCTION 

 

Composite systems have considerable practical utility which are made of two or more layers of different materials. The 

Cold storage walls have layer of bricks, a layer of thick insulation and plaster on both sides. Similarly steam pipes have 

the cylindrical steel wall of the pipes, a layer of insulating material and a layer of protecting plaster(1-4). The treatment 

of conductive heat flow such structures may consider as an extension of the single wall structures. In such composite 
structures each layer has a different value of resistance, the overall cumulative effect of these resistances are also 

analyzed. Usually the resistances of the free surfaces also have to be accounted for as additional resistances in series in 

calculations. This is due to the fact that the actual surface temperatures, which are different than the ambient values are 

not known. It is generally assumed that heat flow is steady and one dimensional, there are no heat sources in the 

structure and that the resistance due to interface contact is negligible. Interface contact depends upon total force exerted 

on the contacting surfaces, physical nature of the bond, the quality of fluid trapped in the contacting surface etc. The 

mechanism of heat transfer across the interface contact is therefore complicated. However the values of resistances at 

interface contact obtained experimentally are so small as to justify the above assumptions. Composite systems also use 

for wall construction of combustion chamber of a boiler, for gas turbine blades, for walls of I.C. Engine combustion 

chambers etc. So it is necessary to design and fabricate a composite system in order to study the temperature 

distribution across the width of wall and to estimate the thermal resistances, convective heat transfer coefficient and 
over all heat transfer coefficient of the system. We have, however, to discover its source, release it and then control its 
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release. After the release the heat energy is required to be transported to the medium where it will be put to meaningful 

use. From an engineering viewpoint, the determination of the rate of heat transfer is the item which needs special 

consideration.  The design of boilers, refrigerators or other types of heat exchangers say, for the storage, transfer and 
use of cryogenic substances and for a number of similar applications involve consideration of heat transfer rates(5-8). 

These are only a few examples of the applications of engineering heat transfer in day to day practice. Heat exchanger 

design will not only depend upon the amount of heat to be transmitted, but rather on the rate of transfer under the 

specified conditions. An engineer will have to make a detailed heat transfer analysis in order to finalize the design or 

size of the equipment necessary to transfer a specified amount of heat in a given time. It is not only in the field of 

utilization of energy where we are involved in heat transfer studies. There may be other situations where that is being 

generated during a certain operation, and may be detrimental to the equipment. In such cases we are often faced with 

the task of removing the undesirable amount of heat as far as possible. For instance gas turbine blades, walls of an I.C. 

engine combustion chamber, outer surface of a space vehicle, all depend for their durability on rapid heat removal from 

their surface. The design of heat exchange equipment such as boilers, heaters, refrigerators, and heat exchangers 

depends not only on the amount of heat transmitted but rather on the rate at which heat is to be transferred under given 
conditions(9-10). The discipline of heat transfer seeks to quantify the rate at which heat transfer occurs in terms of the 

degree of non equilibrium. This is accomplished through the rate equations for the different modes of heat transfer. The 

rate equations , when combined with energy balances and thermodynamic state equations, yield equations from which 

the temperature distribution and heat transfer rates can be worked out(11-12).Heat transfer theory is then essentially 

thermodynamics with rate equations added. 

II. COMBINED HEAT TRANSFER PROCESS 

 

It is not unusual to observe that the heat transfer is taking place due to two, or perhaps all three, mechanisms. The most 

frequently encountered instance is one in which a solid wall (usually plane or cylindrical) separates two convecting 

fluids,e.g., the tubes of a heat exchanger. As mentioned earlier, the steam generating tubes of a boiler receive heat from 

the products of combustion by all three modes of heat transfer. The overall heat transfer by combined modes is usually 

expressed in terms of an overall conductance or overall heat transfer coefficient U, defined by its relation; 
                                         Q = UA (ΔT)                                         (1) 

The overall heat transfer coefficient is a quantity such that the rate of heat flow through a configuration is given by 

taking a product of U, the surface area and the overall temperature difference. The Overall Heat transfer through a 

plane wall with resistance analogy as shown in Fig.1. 

      

 
 

Fig.1.  Overall heat transfer through a plane wall with resistance analogy 
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In case of a plane wall shown in Fig.1 heated on one side by a hot fluid A and cooled on the other side by a cold fluid B, 

the heat transfer rate is given by :  

                   Q = h1A (TA-T1) = kA(T1-T2)/L = h2A (T2-TB)               (2) 

from which      TA-T1    =     Q/(h1A) 

                         T1-T2      =     Q/(kA/L) 

                         T2-TB    =     Q/(h2A) 

Adding these equations we eliminate the unknown temperatures T1 and T2    to give the solution for heat flow as  

           Q =  ( TA  -   TB ) /  [ ( 1/ h1A) + (L/kA) +( 1 / h2A ) ]            (3) 

remembering that the value (1/hA) is  represents the convection resistance and (L/kA) is conduction resistance. In 

accordance with equation (1), The Overall heat transfer coefficient is : 

                         U = 1/ (1/ h1 + L/k +1 / h2)   = 1/AΣRth                     (4) 

It is defined as the reciprocal of sum of all resistances in a system per unit area. It is also be defined as flux per unit 

temperature rise. The overall coefficient depends upon the geometry of the separating wall, its thermal properties, and 

the convective coefficients at the two surfaces. The overall heat transfer coefficient is particularly useful in the case of 
composite walls, such as in the design of structural walls for boilers, refrigerators, air-conditioned buildings, etc. use of 

overall heat transfer coefficient is also made of in the design of heat exchangers. 

    S.I. units for U : W/m2K           

Some of the examples where more than one mode of heat transfer exist are, 

 Heating of billet: convection and radiation 

 Radiator water cooling: convection and conduction    

 Condensers: conduction, convection 

 Boilers: conduction, convection and radiation 

 Heat exchangers: conduction and convection 

III.  METHODOLOGY 

 

Heat transfer through composite system  one of them. It is the transport of energy between two or more bodies of 
different thermal conductivity arranged in series or parallel. For example, a fastener joining two mediums also acts as 

one of the layers between these mediums. Hence, the thermal conductivity of the fastener is also very much necessary 

in determining the overall heat transfer through the medium. The composite system consists of three circular slabs 

made up of copper (k1 = 379 W/mK), asbestos (k2= 0.74 W/mK) and brass (k3  = 110 W/mK) having equal diameter 

and thickness. Each of diameter is 10cm and thickness is 6mm.They are connected together in series. In all a total of 

twelve thermocouples are provided on the two extreme faces and on the two mating surfaces of the composite slab 

structure. Heating of the composite slab system is accomplished by means of a heater placed underneath the composite 

slab system. The dimmerstat such as heat input  to the system can be regulated by means of a voltage regulator included 

in the circuit. The upper surface of the slab is provided with a coolant tank containing water flowing at constant known 

discharge. Three types of slabs are provided on heater which forms a composite system. A small hand press frame wire 

provided to ensure the contact between the slabs. A dimmerstat used for varying the input to the heater and the 
voltmeter and ammeter readings were recorded. The heat is transferred through the composite structure slabs by 

conduction and then by convection from upper most slab to water. By  giving to heat input to the composite system we 

can evaluated heat transfer rate and overall heat transfer coefficient of system. In this composite system water flow rate 

is maintained constant . 

IV.   RESULTS AND DISCUSSION  

 

Evaluation   of overall heat transfer coefficient of composite system as follows. 

The overall heat transfer coefficient of composite system is given by  
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TAUQ system      ,        Where '1

1 wTTT    ,  

                                                  
systemU  =   Overall heat transfer coefficient  of system 

'

w
T

 
 =  Average temperature of water,  1

1T   =   Average Temperature at copper slab  

Q  =  Rate of heat transfer through composite system , A  =  Area of heat transfer 

Composite System given input Voltage  V  =  100V  and  Current  I  =  0.9 Amp 

Discharge of water   =  200ml/min,  then mass flow rate of water  m  =  12kg/hr 

Water temperature at inlet of  system      Ti   =  26oC        

Water temperature at outlet of  system    To  =  31oC 

 Average Temperature at copper slab which is contact with composite system 1

1T   
= 256.66 0C. It is obtained from   

 thermocouple , 
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Diameter of each slab d = 10cm , Area of each slab A = 0.0078m2                                        

So area of Heat transfer A = 0.0078m2 

Specific heat of water  
p

c
 
= 31018.4  J/kgK 

But Heat conducted through the each slab in a composite system is equal to heat conducted through entire composite 

system 

Heat Transferred through the composite system 
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        =  69.67 Watts                           

Then   
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1 wsystem TTAUQ                                                              
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 5.2866.2560078.0

67.69




  

=   38.81W/m2K 

                           systemU  = 38.81W/m2K 

Overall heat transfer coefficient of composite system  
systemU  = 38.81W/m2K 

The results of composite system presented in Fig.2 for various heat input (voltage) given to system and calculated heat 

transfer rate through composite system and overall heat transfer coefficient of system. Overall heat transfer coefficient 

of entire system increases with increases in heat conducted through system. It shows that overall heat transfer 

coefficient is directly proportional to the heat conducted through the composite system. Heat transfer rate is depends on 

heat input such as voltage and current to composite system. Heat transfer rate through composite structure is higher 

level when heat input to system is in high. So higher the voltage to system, high in heat transfer rate obtained. 
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                                          Fig.2. Influence of rate of heat transfer on overall heat transfer coefficient of composite system   

V. CONCLUSIONS  

 

 The overall heat transfer coefficient is particularly useful in the case of composite systems, such as in the 

design of structural walls for boilers, refrigerators, air-conditioned buildings, etc. 

 Use of overall heat transfer coefficient is also made of in the design of heat exchangers. 

 Overall heat transfer coefficient is increased with increases in rate of heat transfer through composite 

system. The nature of graph is linear. 

 Overall heat transfer coefficient of composite system with heat conducted through system at temperature 

difference across the plane wall as constant. 

 Overall heat transfer coefficient of composite system is directly proportional to heat transfer rate.   

 The heat input to the composite system is directly proportional to the heat transfer rate through the 

composite system. The heat input to the system is voltage and current. 

 In a composite system, mass rate of flow of water is 200ml/min. 

 The procedure for solving one dimensional, steady state heat conduction problems for composite systems 

comprising parallel plates, coaxial cylinders and concentric spheres. In all these cases, it will be assumed 

that the parallel layers in the composite system are in perfect thermal contact or the resistance due to 

interface contact is negligible, that is the temperature is continuous at the interface of the two layers in 

contact.  
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