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Abstract 
This paper presents the ideas on improvement of lumped-parameter model for unsteady state 
(transient) heat conduction in a slab with temperature-dependent thermal conductivity. The transient 
temperature depends on various model parameter, they are Biot number, heat source and time. 
Polynomial Approximation Method (PAM) has been possible to derive a unified relation for the 
transient thermal behavior of solid (slab and tube) with both internal heat generation and boundary 
heat flux.  In all the cases, a closed form solution is obtained between temperature, Biot number, heat 
source parameter and time.  
A lumped parameter model (steel slab) has been adopted through two point Hermite approximations 
for integrals. For linearly temperature-dependent thermal conductivity, it is shown by comparison with 
numerical solution of the original distributed parameter model that the higher order lumped model 
yields significant improvement of average temperature prediction over the lumped model. For both 
cooling and heating processes a unified Biot number limit depending on a single dimensionless 
parameter β is given. The result of the present analysis can be used for conduction slab in heat 
exchanger and can withstand up to given temperature range. 
Key words:  Hermite approximations, PAM, thermal conductivity, lumped model, nonlinear heat 
conduction, heat conduction, Biot number. 
 
 

Introduction 

Heat goes from a higher temperature zone to 
lower temperature zone. Hot articles in a cooler 
room will be cooled to the room temperature. 
Colder items in a hotter room will heat up to 
room temperature.  

Heat exchange is the trading of heat because of a 
temperature contrast with particular systems: 
conduction, convection, and radiation. 
Conduction means heat exchange that happens 
over a static solid or liquid in which a 

temperature gradient exists. Convection refers to 
the heat trade that happens over a dynamic 
liquid in which a temperature slope exists. 
Radiation intends to the heat exchange between 
two surfaces at diverse temperatures isolated by 
a medium straightforward to the 
electromagnetic waves discharged by the 
surfaces. Procedure of heat move in every one of 
the modes is appeared in figure 1.1 
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Figure 1: Process of Heat Transfer 

A Definition of heat exchange is the transmission 
of energy starting with one locale then onto the 
next as an aftereffect of temperature inclination 
i.e. energy on the move because of temperature 
contrasts. Heat exchange expands the 
thermodynamic investigation by examining the 
basic procedures and methods of heat exchange 
through the improvement of connection used to 
calculate its rate. The variation in temperature is 
represented by the guideline of  energy 
cabby445`` conservation, which expresses that," 
the total of the stream of energy and heat over 
the framework, the work done in the framework, 
and the energy put away and changed over 
inside of the framework, is zero. Heat  move 
discovers application in numerous critical 
regions, to be specific configuration of  heat and 
atomic force plants including heat motors, steam 
generators, condensers and other heat  trade 
types of gear, synergist convertors, heat shields 
for space vehicles, heaters, electronic supplies 
and so forth, internal combustion engines, 
refrigeration and ventilating units, outline of 
cooling frameworks for electric engines 
generators and transformers, heating and 
cooling of liquids and so on in chemical 
operations, development of dams and 
structures, minimization of building heat losses 
utilizing insulation protection procedures, heat 
treatment of metals, scattering of barometrical 
pollutants, thermal control of space vehicles.  

IMPORTANCE OF HEAT TRANSFER   

The study of heat transfer is carried out for the 
follows purposes: 
 To estimate the rates of flow of energy as 
heat through the boundary of a system under 
study (both under steady and transient 
conditions). 
 To determine the temperature field under 
steady and transient conditions Heat transfer 
problems are encountered which cannot be 
solved by thermodynamic reasoning alone but 
require an analysis based on heat transfer 
principles. 

HEAT TRANFER MODES 

Heat exchange modes are three types: 
conduction, convection and radiation.  
1) Conduction: This is the exchange of heat 
starting with one piece of substance then onto 
the next part of same substance, or starting with 
one substance then onto the next is physical 
contact with it, without apparent removal of 
atoms shaping the substance.  
In solid, the heat is directed by cross section 
vibration and transport of free electrons. If there 
should be an occurrence of gasses, the system of 
heat conduction is basic. The kinetic energy of a 
particle is an element of temperature. These 
atoms are in a constant irregular movement 
trading energy and moment. If there should arise 
an occurrence of fluid, the component of heat is 
closer to that gas. Be that as it may, the atoms 
are all the more firmly separated and 
intermolecular power comes into play. 

 
Figure 2: Heat Transfer via Conduction 
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In conduction process, Fourier's law of heat 
conduction is an exact law taking into account 
perception and states as, "the rate of course 
through a basic homogeneous solid specifically 
relative to the area of section  at right angle to 
the direction of  heat stream, and to change of 
temperature as for the length of the way of the 
heat stream". Numerically, 
 

𝑄𝑐𝑜𝑛𝑑 = −𝑘𝐴 𝑑𝑇
𝑑𝑥

                                                   (1) 
 

Where A is the cross-sectional area through 
which the heat is conducting, dT is the 
temperature different between the two surfaces 
isolated by a distance dx, and units of conduction 
are W/m K.  

Heat losses in Conduction: The body behaviors 
heat to whatever the skin is in direct contact 
with. Conductive heat loss happens when the 
skin is subjected to either cold air or water; 
however it is particularly basic in water, as your 
body loses heat around 25 times speedier in 
water than in air of the same temperature.  

2) Convection: It is the exchange of heat inside 
of a liquid by mixing of one part of liquid with 
another. Convection can be either force through 
for example pushing the stream along the 
surface or natural/free as that which happens 
because of buoyancy force.  

Natural convection (or free convection): In this 
the fluid motion is made by the warm fluid itself. 
The density of liquid decrease as it is warmed. 
Accordingly, hot fluid is lighter than cool fluid. 
Warm fluid encompassing hot items rises and is 
replace by cooler fluid.  

Forced convection: It utilizes outside method for 
delivering fluid motion.  Forced convection is the 
thing that makes a windily, winter day feel much 
colder than a quiet day with same temperature. 
The heat loss from your body is expanded 
because of the consistent renewal of cool air by 
the wind. Regular wind and fans are the two 
most normal source of forced convection.  

Convection coefficient h is the measure of how 
successfully a fluid exchanges heat by 

convection. It is measured in W/m²K, and is 
controlled by elements, for example, the fluid 
density, viscosity, and velocity. Wind blowing at 
5 mph has a lower h than wind at the same 
temperature blowing at 30 mph. The rate of heat 
exchange from a surface by convection is given 
by Newton's law of cooling 

𝑄𝑐𝑜𝑛𝑣 = −ℎ𝐴(𝑇𝑠𝑓 − 𝑇∞)(2) 

Where A is the surface area of the object, Tsf is 
the surface temperature, and T∞ is the ambient 
or fluid temperature.  

3) Radiation: Occurs where heat energy is 
exchanged by electromagnetic phenomenon, of 
which the light is an especially critical source. It 
happens between surfaces at different 
temperature regardless of the possibility that 
there is no medium between them the length of 
they face each other. [18]. The measure of 
radiation emitted by an item is given by: 

𝑄𝑒𝑚𝑖𝑡𝑡𝑒𝑑 = 𝜀𝜎.𝐴𝑇4(3) 
 

Where A is the surface area, T is the temperature 
of the body, σ is a constant called  Stefan -
Boltzmann constant, equal to 5.67×10-8 W/m2 K4, 
and ε is a material property called   emissivity. 
Heat losses in radiation. The heat generated 
from within the body is given-off to the 
surrounding atmosphere. 

PROBLEM DEFINITION  

The goal of this study is to discover the gradient 
temperature and thermal stresses on a 
conduction slab at different heat flux. The 
material considered for the analysis are 
structural steel because, steel is most commonly 
used engineering material. Our thesis according 
to literature survey also shows that the 
mathematical formulation itself not sufficient to 
get appropriate result and it’s also very 
expensive. Hence, we are using Finite element 
analysis (FEA) with the help of Hypermesh 
software in which we can find the result at every 
small point of the conduction slab. Other than 
that, by doing the analysis we can perform 
number of iteration which is cost effective also. 
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PROPOSED METHODOLOGY 

 
Figure 3: Process Flow Chart 

SELECTION OF MATERIAL 

We are taking the steel material for the slab by 
considering it as linear material. In this material 
we have to assign the properties of material such 
as Modulus of elasticity or Young Modulus 
(N/mm2), Density of Material (Tons/mm3) and 
Poisson’s ratio. Moreover we have to assign 
thermal conductivity of steel. All the properties 
of steel material is shown in table 1 

Table 1 Steel Material for the slab 
Density 
(rho) 
Tons/mm3 

Modulus of 
elasticity (E) 
N/mm2 

Poisson’s 
Ratio 

Thermal 
Conductivity (k) 
W/m K 

7.9 E-9 210000 0.350 0.73 

 
RESULTS AND DISCUSSION 

Results: Heat input of different intensity is 
provided to the conducting heat flux for 
measuring the maximum and minimum 
temperature generated in slab. 9 iterations were 
performed to calculate maximum and minimum 
temperature of the slab. Starting with 100kW to 
end up with 500kW, we have performed the 
iterations. 

(i) The figure 4 showing the results of 
maximum temperature and minimum 
temperature at 100kW heat flux. 

 
Figure 4: Hyperview panel for post processing 

The area which is in red color shows the 
maximum temperature and the rest of the area 
which is shown in blue color shows the minimum 
temperature. Hence Maximum temperature in a 
steel slab when we have applied the heat of 100 
kW is 1361℃ and the minimum temperature is 
42℃. 
(ii) The figure 5 showing the results of 
maximum temperature and minimum 
temperature at 150 kW heat flux. 

 
Figure 5: Contour plot of conduction slab at 150 

kW 

When 150 kW heat is applied then maximum 
temperature is 2061℃ and minimum 
temperature is 82℃. 
(iii) The figure 6 showing the results of 
maximum temperature and minimum 
temperature at 200 kW heat flux. 
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Figure 6: Contour plot of conduction slab at 200 

kW 

When 200 kW heat is applied then maximum 
temperature is 2720℃ and minimum 
temperature is 84℃. 
(iv) The figure 7 showing the results of 
maximum temperature and minimum 
temperature at 250 kW heat flux 
 

 
Figure 7: Contour plot of conduction slab at 250 

kW 
When 250 kW heat is applied then maximum 
temperature is 3450℃ and minimum 
temperature is 111℃. 
(v) The figure 8 showing the results of maximum 
temperature and minimum temperature at 300 
kW heat flux. 

 
Figure 8: Contour plot of conduction slab at 300 

kW 
When 300 kW heat is applied then maximum 
temperature is 4122℃ and minimum 
temperature is 164℃. 
(vi)  The figure 9 showing the results of 
maximum temperature and minimum 
temperature at 350 kW heat flux. 

 
Figure 9: Contour plot of conduction slab at 350 

kW 
When 350 kW heat is applied then maximum 
temperature is 4840℃ and minimum 
temperature is 129℃. 
(vii) The figure 10 showing the results of 
maximum temperature and minimum 
temperature at 400 kW heat flux. 
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Figure 10: Contour plot of conduction slab at 

400 kW 

When 400 kW heat is applied then maximum 
temperature is 5445℃ and minimum 
temperature is 168℃. 
(viii) The figure 11 showing the results of 
maximum temperature and minimum 
temperature at 450 kW heat flux. 

 
Figure 11: Contour plot of conduction slab at 

450 kW 

When 450 kW heat is applied then maximum 
temperature is 6141℃ and minimum 
temperature is 203℃. 
(ix) The figure 12 showing the results of 
maximum temperature and minimum 
temperature at 500 kW heat flux. 

 
Figure 12: Contour plot of conduction slab at 

500 kW 

When 500 kW heat is applied then maximum 
temperature is 6900℃ and minimum 
temperature is 222℃. 

Table 2 Result analysis of heat conduction in a 
slab and corresponding temperature obtained 

Heat load 
(Q) (kW) 

Maximum 
Temperature 

(℃) 

Minimum 
Temperature 

(℃) 

100 1361 42 

150 2061 82 

200 2720 84 

250 3450 111 

300 4122 164 

350 4840 166 

400 5445 168 

450 6141 203 

500 6900 222 
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Figure 13: Amount of heat provided to the 

conduction slab maximum temperature 
obtained from it (Results Comparison) 

Line demonstrates the measures of warmth 
given to the warmth flux, and at given distinctive 
warmth stack the greatest temperature and least 
temperature variety in section. The load applied 
between 100 to 500 kW and temperature variety 
between 0 to 80000C. 

Discussion: When we provided Heat input of 
different intensity to the conducting heat flux for 
calculating the maximum and minimum 
temperature generated in slab. The 9(nine) 
iterations were performed to calculate maximum 
and minimum temperature of the slab. The heat 
flux is applied between 100 kW to 500 kW. In the 
first iteration, 100 kW heat flux is provided at the 
one end of slab area, then the higher 
temperature 1361 0C is generated and its 
dropdowns to lower temperature 42 0C at 
second end of the slab. Hence we found different 
phase of heat conduction at contour plot, red 
color shows higher temperature and green color 
at lower temperature. Similarly other eight 
iteration were found in contour plot for different 
heat fluxes thus maximum and minimum 
temperature generated. In this analysis the solid 
slab of steel material properties for the heat 
exchanger is being analyze, which is use in power 
plant to generate the electricity. The solid slab of 
steel material run error free between 100 kW 
and 500 kW load it means that this solid slab of 

steel (dimensions 200*100*100) can be usable 
anywhere between these heat load. The main 
objective of this analysis is to selecting right 
engineering materials to manufacturing of 
engineering devices using for different 
industries. In the past the selection or right 
engineering material by theoretical method is 
too difficult due to long numerical calculations. 
This takes more time and gives errors during 
material property selection, due to this issue the 
breakdown of engineering devices is found in 
large amount. Early, to solving this type of 
problems the Finite Element Method has been 
developed. In this method the selection of right 
engineering materials is easily done and gives 
error free numerical calculations in less time 
than other methods. Hence our analysis done for 
solid steel slab for heat exchanger device, the 
analyses solid slab can be work between 100 kW 
to 500 kW of heat load. This can be use in power 
plant industries or any other 
manufacturing/production industries for given 
load variations.  

CONCLUSION 

In this research work solid slab (Dimensions 
200×100×100) of steel AISI1018 or steel AISI 
material for heat conduction is taken which is 
used in heat-exchanger. In the above research 
heat flow pattern in a steel conduction plate is 
analyzed. Nine iterations are performed with 
different heat source and measured 
corresponding temperature at different element 
zone. On the basis of analysis we can assure that 
one can use this kind of conduction slab in heat 
exchanger and can withstand up to given 
temperature range. 
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