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Abstract 

In this paper, ANSYS-14(APDL) program was used to study the effect of the temperature 

difference between two faces of samples (∆T) exposed to transient heat transfer on the time required to 

reach to steady state (S.S.time). Four materials with different thermal properties were chosen.Sample 

used as a rectangular shape with dimension (1*15) cm. One face of the sample was exposed to three 

various temperatures (75,125 and 175oC), while the other face was exposed to convection thermal load 

at 25 °C.  The study showed that the real relationship between the time required to reach the steady 

state (S.S.time) and the temperature difference between two face of sample is an inverse exponential 

relationship, which was derived based on the equivalent time. And the result of the relationship 

between the temperature at the steady state (S.S.Temp.) and (∆T) was a positive linear relationship. 

While the relationship between (S.S.time) with the thermal diffusivity (α) is an inverse exponential, and 

the relationship between (S.S.Temp.) and (α) was a positive logarithmic. The results of the study also 

indicate that the thermal diffusivity (α) effect on (S.S.time) and (S.S.Temp.)  will decreased with 

approaching the heating source, at the same time the effect of the temperature difference (∆T) on  

(S.S.time) and (S.S.Temp.) also decreases with approaching the heating source. 

Keywords: Heat transfer, Thermal diffusivity (α), Temperature difference (∆T), Time needed to reach 

steady state (S.S.time), Sample temperature at steady state (S.S.Temp.). 

Nomenclature  

∆T temperature difference between two faces of samples 

S.S.time steady state time (Time needed to reach steady state)  

S.S.Temp. steady state temperature ( sample temperature at steady state ) 

α thermal diffusivity  

Introduction 

It is easy to give a general view of the heat transfer during any body, whatever the complexity of 

this shape, the nature of its components, and the amount of temperature difference between its two 

faces. But the problem is how to get a precise understanding of that relationship by obtaining an 

equation through which accurate numerical results can be obtained depending on the state of the body 

and the surrounding thermal conditions.  This paper is an attempt to obtain mathematical relationships 

showing the effect of temperature difference between the two faces of a sample on the time needed to 

reach the steady state as well as study the effect of other variables affecting on this relationship. 

In this research was presented a several studies that dealt with the effect of some parameters on 

the steady and transient heat transfer through materials. 

One of studies is an attempt to conceptualize the relationship between thermal diffusivity of any 

material and its thermal behavior when exposed to any thermal conditions in the unsteady state. The 

results of the study showed a positive relationship between thermal diffusivity and temperature rise. 

[1]. The total heat transfer appearances of a packed bed of spheres represented by the effective thermal 

conductivity. This study presents a purpose-designed test that combines physical measurements with 

Computational Fluid Dynamics (CFD) simulations to separate the conduction heat transfer and 

contributions of radiation, containing the wall effects. Primary results obtained offer important insights 

into the trends observed in the experimental results and provide a better understanding the underlying 
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heat transfer phenomena. [2]. Due to complicated derivations and formidable calculations ,transient 

heat conduction was solved by a new analytical method for hollow composite cylinders with two or 

three layers subjected to general boundary conditions. The suggested way is highly efficient in 

calculation, due to it only contains two-by-two matrices in the solution process [3]. 

A fractional sample of the equations of generalized magneto-thermoelasticity is assumed to have 

variable thermal conductivity to solve a problem of an infinitely long hollow cylinder. To derive the 

solution using a numerical method based on Fourier series expansions, Laplace transformation 

techniques were used. The results showed that the thermal conductivity and time-fractional order play a 

major role in all considered distributions. [4]. To solve unstable heat transfer problem during the metal 

body, a metallic thermal protection system (MTPS) was used. Assuming it consists a number of layers, 

a new analytical approximation method based on the separation of variables with the orthogonal 

expansion of heat prediction through MTPS were adopted. [5]. Study the effect of silicon ratio on 

aluminum alloy - silicon by measuring thermal diffusion in laser flash analysis (LFA). This study 

showed that the thermal diffusivity of the alloy increases with decreasing the ratio of silicon in the 

alloy [6].  

A comparative study of the rate of heat transfer between composite MS-Hylum-Wood and 

composite MS-Fiber Glass- Brick was conducted experimentally and analytically by the ANSYS 

program. The results of the study proved that the composite material of composite MS-Hylum-Wood 

has better thermal insulation than the composite MS-Fiber Glass- Brick. [7]. One of researches used 

Mathlab program to study the distribution of temperature across a plane wall. Results of the study 

showed no difference in the distribution of temperature during the wall except at high temperatures due 

to the high conductivity of the wall of the plane. After 0.4 m of wall, thickness the relationship between 

distance and temperature became curved shape after it was linear. [8]. By the method of Laplace 

transformation , a set of classical analytical solutions to heat conduction in a two-layer composite 

hollow cylindrical medium was derived .Two solutions were used .The first was subjected to constant-

temperature boundary conditions and the other subjected to a constant flux and a constant temperature 

to evaluate short-time accuracy. Comparison between the two solutions indicates that the response of 

temperature is always delayed as a result of the line-source assumption. [9].  

The results of the analysis of stable and unstable heat transfer during the brake drum using a 

finite component sample showed that the amount of deformation in aluminum composite less than the 

cast iron and the maximum temperature obtained for aluminum composite is less compared to cast iron 

brake drum. [10]. For solving the asymmetric heat conduction problem in a multilayer annulus with 

time-dependent boundary conditions and or heat sources, an alternative approach using the finite 

integral transform method was used .After integral transformation ,first order ordinary differential 

equations (ODEs) are formed for the transformed temperatures. The solution of ODEs to obtain the 

temperature distribution in each layer required the method of separation of variables (SOV)[11]. In an 

analytical study, heat transfer was measured during high porosity objects. The shape of the cells and the 

shape of the transverse sections of the stents have a weaker effect on heat transfer by conduction. Thus, 

open-cell foams, in which a large proportion of the solid phase of the cell header is concentrated, show 

less effective connection to the heat, whereas the closed cell structures with the entire solid part of the 

cell walls are the most correlated. [12].  

The researches above consist an experimental and analytical methods to study heat transfer and 

comparative between the results of this methods, as well as the effect of variables on these results. Our 

study is focused on the effect of the temperature difference between two faces of samples exposed to 

transient heat transfer on the time needed to reach to steady state at different thermal diffusivity by 

using the Ansys program.     

Methodology of research 

Temperature distribution through the nodes of the sample is governed by the unsteady one-

dimensional heat conduction equation [13], therefore, the results of this equation use to evaluate the 

effect of the temperature difference between two face of sample on the time required to reach the 

steady state. There are other ways to study a temperature distribution through the nodes of the sample 

such as the Mathlab and ansyz, and others. 

      𝑘𝑛

𝜕2𝑇

𝜕𝑥2
= 𝜌𝑛𝑐𝑝𝑛

𝜕𝑇

𝜕𝑡
                            (1) 
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T=temperature  

k= thermal conductivity 

ρ=density 

cp= Specific heat 

n=time step 

X =distance between two nodes 

ANSYS-14 (APDL) was used to study the effect of ∆T exposed to transient heat transfer on the 

S.S.time. Four materials with different thermal properties were chosen (Cadmium, Stainless steel, 

Cement plaster and Hardboard (Medium)). The samples used in the study as a rectangular shapes with 

dimensions (length =15 cm and height=1 cm). One face of samples exposed to three different 

temperature degrees (50,100 and 150oC), while the other face exposed to convection thermal load at 

25°C. We assumed that the heat transfer was only through a sample length (one dimension), and no 

heat generation, in addition to there is no heat transfer around the sample.  

 

 

 

 

 

 

Figure (1) sample Specification 

Table (1) thermal properties of materials used [14, 15].  

 Cadmium Stainless steel Cement plaster Hardboard (Medium) 

K (W/m.ºC) 96.8 15.6 0.72 0.08 

ρ (Kg/m3) 8650 7913 1860 600 

Cp (J/Kg.ºC) 231 456 840 2000 

α  (m2/sec) 4.84E-5 4.32E-6 4.61E-7 6.67E-8 

Table (2) boundary condition and ANSYS constant  

Specimen length, m 0.15 

Specimen width,  m 0.01 

Right face temperature (T∞), o C 25 

Convection Heat transfer coefficient \ right face (h conv), W/m2.o C 10 

Left face temperature, o C 75 125 175 

Temp. difference  between two face, o C 50 100 150 

Initial temperature of samples (T initial cond.), o 

C 
 25  

Element edge length, m 0.01 (mesh = fine) 

No. of nodes 150 

Preferences for filtering  Thermal 

Type of analysis  Transient 

Applied time load (sec) 
Cadmium 

Stainless 

steel 

Cement 

plaster 

Hardboard 

(Medium) 

2000 20000 100000 200000 

Time step size (sec) 1 10 50 100 

Results Discussion: 

Figure (2) shows that the relationship between sample temperature at steady state (S.S.Temp.) 

and temperature difference between two face of sample (∆T) is a positive linear relationship, that 

agrees to all cases with difference in distance from the hot face and type of material, which note the 

following: 
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a. The relationship between (∆T) of the samples and (S.S.Temp.) can be expressed in equation (2). 

𝑺. 𝑺. 𝑻𝒆𝒎𝒑. ( 𝑪) = 𝒎 ∗ ∆𝑻𝒐 ( 𝑪𝒐 ) + 𝑪      … … . (𝟐) 

 b- The slope value of strength line decreases when move away from the heating source especially for 

low thermal diffusivity materials. 

Table (3) Constants of equation (2) 

Distance from heating source m C 

X=1 cm ≈1.0 24.47-24.74 

X=14 cm 0.1-1.0 24.44-24.73 

c- At the point (x = 1 cm), the similarity of the values of (m) to the different materials was observed in 

equation (2). This is due to the nearness of this point from the heating source, thus weakening the 

effect of other variables on the steady state temperature values (S.S.Temp.). 

 

Figure (2) Effect of temperature difference between two faces of samples on steady state 

Temp.  

Increasing the difference in temperature between the two faces means increasing the 

temperature of the hot face because the temperature of the other face installed at 25ºC, so the smallest 

difference in temperature between the face of the sample is 50ºC and the highest difference is 150ºC.  

When the difference in temperature between the two sides of the sample is 50 ºC, means that the 

temperature of the hot face is 75 ºC, i.e.  The maximum steady state   temperature of sample do not 

exceed the temperature of the hot face 75 ºC. But when the difference in temperature between the two 

sides of the sample is 150 C, means that the temperature of the hot face is 175 ºC, i.e.  The maximum 

steady state   temperature of sample do not exceed the temperature of the hot face 175 ºC. So it is 

normal to have the time required to reach 175 ºC more than the time required to reach 75 ºC.  

This is what we observe in Figure (3), which gives us an unclear perception of the real effect of 

the difference in temperature between the two faces of the sample on the time needed to reach a steady 

state of case.  
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Figure (3) Effect of temperature difference between two faces of samples on steady state 

time  

To find out the real effect of the temperature difference between the two faces of the sample on 

the time required to reach the steady state , the time needed to reach the steady state should be divided 

by the difference in temperature between the two sides of the sample for each case (steady state time / 

Temp. Difference between two faces), it can be called equivalent time. The results of the relationship 

between the equivalent time and temperature difference between the two faces of the sample are shown 

in Fig (4).  

The results of this figure show the real effect of the difference in temperature between the two 

faces of the sample on the time required to reach the steady state. Which reflect the inverse power 

relationship between the difference in temperature between the two faces of the sample and the time 

required to reach the steady state for all materials except cadmium where it took the form of reverse 

linear relationship. Figure (4) also shows the effect of both the type of material and the amount of 

distance from the hot face on the equivalent time. In Figure (4), we will note that the decrease in the 

thermal diffusivity of the material and increase the distance from the hot face will increase the time 

required to reach the steady state.  

 

Figure (4) Effect of temperature difference between two faces of samples on equivalent 

time 

The relationship between the thermal diffusivity (α) and (S.S.Temp.), shown in Figure (5). It can 

be seen the following: 

a. Samples steady state temperature (S.S.Temp.) increased with increasing the thermal diffusivity 

especially at lowest values of thermal diffusivity, but the relationship takes a strength line parallel 

to the x-axis at high values of the thermal diffusivity. 

b. When moving away from heating source, the effect of thermal diffusivity on (S.S.Temp.) increased 

with increasing of temperature difference between two faces of samples. 

c. From equation (3) the relationship between the thermal diffusivity and (S.S.Temp.), can described. 

𝑺. 𝑺. 𝑻𝒆𝒎𝒑. ( 𝑪) = 𝒎 ∗ 𝒍𝒏(𝜶)𝒐 − 𝑪      … … . (𝟑) 
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From Table (4) it can be noticed the values of constants of equation (4) will different based on 

the thermal diffusivity and (∆T) values and, as well as the amount of distance from the heating 

source(x). Indeed, it can be seen a high agreement between the charts, equation and analysis. 

Table (4) Constant values of equation (3) 

Distance from heating source m C 

X=1cm 0.55-1.58 80.5-191.3 

X=14cm 7.2-21.4 150.2- 400.3 

The relationship between (S.S.Temp.) and thermal diffusivity (α) takes the form of a logarithmic 

relationship, but turns into a straight line relationship parallel to the x-axis at high thermal diffusivity 

values, especially when approaching the heating source. We can conclude from this that the effect of 

thermal diffusion on (S.S.Temp.) is greatly reduced at the high values of thermal diffusivity. In this 

case, can be considered the temperature difference between the two face of the sample the only 

influential variable on the (S.S.Temp.).  

 

Figure (5) Effect of thermal diffusivity (α) on steady state Temp. 

From the relationship between thermal diffusivity (α) and (S.S.time) can be seen in Figure (6), 

some observations can be seen.  

a- This relationship takes as an inverse power.  

b- (S.S.time)  increasing significantly with decreasing the thermal diffusivity values. 

c- There is no clear effect of the temperature difference between two faces on S.S.time.  

Because the effect of (∆T) on (S.S.time) which was not appears in figure (6), it possible depends 

on the equation (4) to show this effect. 

𝐒. 𝐒. 𝐭𝐢𝐦𝐞 (𝐒𝐞𝐜.) = 𝒎 ∗ 𝜶−𝒏  … … (𝟒) 

From equation (4), we detected the following: 

a- It gave the highest correlation with Figure (6). 

b- (S.S.time) increases with the decreasing of thermal diffusivity. 

Table (5) shows the constants of equation (4), where we see the negative signal of constant (α) 

indicating the inverse power relationship between thermal diffusivity with (S.S.time). With regard to 

constant (m), we note the value of (m) at (X = 14cm)  equal three times compared with the point (X = 

1cm), This finding gives a clear indication that moving away from the source of heating increases the 

time needed to reach a steady state. 

Table (5) Constant values of equation (4) 

Distance from heating source m n R² 

x=1cm 0.38-0.42 0.76-0.77 0.99 

x=14cm 1.07-0.99 0.72-0.74 0.98 
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Figure (6) Effect of thermal diffusivity (α) on steady state time 

Figure (7) shows the relationship between log (α) and (S.S.Temp.), which is in the form of 

positive nonlinear relationship where:  

a. When move away from heating source (at x=14cm), the effect of log (α) on (S.S.Temp.) appears 

clearly, while its effect was limited when approaching the heating source (at x=1cm).  

b. There is no apparent effect of the temperature difference between the two faces of samples on 

(S.S.Temp.).  

 

 

 

 

 

 

 

 
Figure (7) Effect of distance from hot face on steady state temp. 

      

The relationship between log (α) and (S.S.time) can be seen in Figure (8), this is an inverse 

exponential relationship. It can be seen that the increasing of amount of temperature difference between 

the two faces of samples reduces the effect of moving away from the heating source on (S.S.time).  
 

 

 

 

 

 

 

 

 

 

Figure (8) Effect of distance from hot face on steady state time 
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Conclusions 

1. The relationship between the sample temperature at steady state (S.S.Temp.) and the temperature 

difference (∆T) between two face of sample is a positive linear. Moving away from the heating 

source lead to increase the effect of thermal diffusivity on the steady state temperature value 

(S.S.Temp.). 

2. The real effect of the difference in temperature between the two faces of the sample on the time 

required to reach the steady states, which reflect the inverse power relationship for all materials 

except cadmium where it took the form of reverse linear relationship. This fact was derived from 

the equivalent time (S.S.time /∆T).  

3. The relationship between the (S.S.Temp.) and the thermal diffusivity takes the form of a 

logarithmic relationship, but turns into a straight-line relationship parallel to the x-axis at high 

thermal diffusivity values, especially when approaching the heating source. We can conclude from 

this that the effect of thermal diffusivity on (S.S.Temp.) is greatly reduced at the high values of 

thermal diffusivity. In this case, we can be considered the temperature difference between the two 

face of sample the only influential variable on the (S.S.Temp.). 

4. The relationship between the time needed to reach the steady state  (S.S.time) and thermal 

diffusivity is an inverse power.  In addition, it can be observed that there is no clear effect of the 

temperature difference between two face of sample on (S.S.time). 

5. Approaching to the heating source lead to reducing the effect of both the thermal diffusivity and the 

temperature difference in raising or decreasing both the steady state time (S.S.time) and the steady 

state temperature (S.S.Temp.). 
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