
International Journal of Science and Research (IJSR) 
ISSN (Online): 2319-7064 

Index Copernicus Value (2013): 6.14 | Impact Factor (2013): 4.438 

Volume 4 Issue 2, February 2015 

www.ijsr.net 
Licensed Under Creative Commons Attribution CC BY 

Three Dimensional Inverse Transient Thermoelastic 

Problem of A Square Plate 
 

Warsha K. Dange 
 

Department of Mathematics, Shree Shivaji Arts Commerce and Science College Rajura, Maharashtra, India 

 
 

Abstract: The present paper deals with the determination of the temperature distribution, unknown temperature at z=h of the square 

plate, thermoelastic displacement function , displacement components and thermal stresses of square plate occupying the 

space axD 0: , ay 0 , hz 0 , with known boundary conditions by applying finite Fourier sine transform , 

Fourier cosine transform and Laplace transform techniques. Numerical calculations are carried out for a particular case of square 

plate made of copper (pure) metal by assigning suitable values to the parameters and functions in the equations and results are depicted 

graphically. 
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1. Introduction 
 

Komatsubara and Tanigawa and (1997) and Adams and 

Bert (1999)have studied the direct problem of 

thermoelasticity in a rectangular plate under thermal shock. 

Khobragade and Wankhede (2003) have studied the 

inverse steady state thermoelastic problem to determine the 

temperature displacement function and thermal stresses at the 

boundary of a thin rectangular plate. They have used the 

finite Fourier sine transform technique. Dange and 

Khobragade (2009) have studied three dimensional inverse 

steady-state thermoelastic problem of a thin rectangular plate. 

Ghadle and Gaikwad (2011) have studied three dimensional 

non-homogeneous thermoelastic problem in a thick 

rectangular plate due to internal heat generation . Dange 

(2014) has studied three dimensional thermoelastic problem 

of a square plate . In the present paper an attempt is made to 

determine temperature distribution ,unknown temperature at 

z=h of a square plate, thermoelastic displacement function , 

displacement components and thermal stresses of square 

plate occupying the space axD 0: , ay 0 , 

hz 0 , with known boundary conditions by applying 

finite Fourier sine transform and Fourier cosine transform 

and Laplace transform techniques. Numerical calculations are 

carried out for a particular case of square plate made of 

copper (pure) metal by assigning suitable values to the 

parameters and functions in the equations and results are 

depicted graphically. 

 

Statement of the Problem 

 

Consider a square plate occupying the 

space axD 0: , ay 0 , hz 0 . The 

displacement components 
yx uu ,  and zu  in the 

ZYX ,, direction respectively are in the integral form as  
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Where ,E  and   are the Young’s modulus, Poison’s ratio 

and the linear coefficient of thermal expansion of the material 

of the plate respectively, ),,,( tzyx  is the Airy’s stress 

function which satisfies the differential equation , 
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(4) 

Where ),,,( tzyxT  denotes the temperature of square plate 

satisfying the following differential equation.  
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Where, k  is thermal diffusivity of the material. 

The initial condition is  

0),,,( 0 ttzyxT
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The boundary conditions are 
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The stresses components are given by  
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The equations (1) to (16) constitute the mathematical 

formulation of the problem under consideration.  

 

Solution of the Problem 

 

Applying Fourier sine transform over x to the equation (5) 

(7) and (8). Applying Fourier Cosine transform over y to the 

equations (9) (10), taking Laplace transform and then their 

inverses one obtains the expression for temperature and 

unknown temperature ),,( tyxg as  
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Determination Of Thermoelastic Displacement Function : 

 

Substituting the values of ),,,( tzyxT  from equation (17) 

in equation (4) one obtains, 
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Determinations Of Displacement Components xu , yu
 
, zu

 

: 

Substituting the values (19) in the equation (1) to (3) one 

obtains  
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Determination Of Stress Function xx , yy , zz : 

Substituting values of (19) in equations (14) to (16) one 

obtains  
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Special Case and Numerical Results and Discussion: 
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(26) 

 

Dimensions of the Square Plate: 

 

Length, breadth of square plate a = 2m 

Thickness of the square plate h=1m  

m5.0  

To interpret the numerical computations, we consider 

material properties of copper (pure) square plate with the 

material properties. 

Poisson ratio,  = 0.35 

Thermal expansion coefficient, (cm/cm-
0
C) =16.5 10

-6
 

Thermal diffusivity,  (cm
2
/sec) = 112.34 10

-6 

Young’s Modulus E=120GPa 

 

2. Discussions  
 

 

 
Figure 1: Graph of T versus x for different values oft 

 

Figure 1:Represents the graphs of T  versus x for different 

values of t.It is obeserved that ),,,( tzyxT  develops tensile 

stress from 0x to 25.1x and compressive stresses in the 

region 25.1x to 2x in the square region for different 

values of t. 

 

 

 

 

 

 
Figure 2: Graph of T versus y for different valuesof t 

 

Figure 2: Represents the graphs of ),,,( tzyxT  versus y for 

different values of t.It is obeserved that ),,,( tzyxT goes on 

decreasing from y=0 to y=2 and ),,,( tzyxT is zero at point 

y=1 in the square region for different values of t. 

 

 

 
Figure3: Graph of T versus z for different values of t 
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Figure 3: Represents the graphs of ),,,( tzyxT  versus z for 

different values of t.It is obeserved that ),,,( tzyxT goes on 

decreasing from z=0 to z=0.2 and ),,,( tzyxT is goes on 

increasing from z=0.6.Also ),,,( tzyxT  develops compressive 

stresses from  0.2z to  0.6z  in the square region for 

different values of t. 

  
Figure 4: Graph of U versus x for different  values of t 

 

Figure 4: Represents the graphs of ),,,( tzyxU  versus x for 

different values of t.It is obeserved that ),,,( tzyxU  develops 

tensile stress from 0x to 25.1x and compressive 

stresses from 25.1x to 2x  in the square region for 

different values of t. 

 

  

 

 

Figure 5: Graph of xx  versus x for different values of t 

 

Figure 5: Represents the graphs of xx  versus x for 

different values of t.It is obeserved that xx  is 

approximatly zero from 0x to 5.0x . Also 

xx develops tensile stress from 4.1x to 2x and 

compressive stresses from 5.0x to 4.1x  in the square 

region for different values of t. 

 

 

Figure 6: Graph of yy  versus y for different values of t 

 

Figure 6: Represents the graphs of yy  versus y for 

different values of t.It is obeserved that yy  is 

approximatly zero from 0y  to 5.0y  

& 5.1y to 2y . Also yy develops tensile stress from 

5.0y to 52.1y  in the square region for different 

values of t. 

 

 

Figure 7: Graph of zz  versus z for different values of t 

 

Figure 7 : Represents the graphs of zz  versus z for 

different values of t.It is obeserved that zz  goes on 

increasing from 0z   to 2.0z  and from 9.0z   to 

1z  .Also zz develops tensile stress from 

2.0z  to 6.0z   and compressive stresses from 

6.0z to 9.0z  in the square region for different values 

of t. 
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Figure 8: Graph of xu  versus x for different values of t 

Figure 8: Represents the graphs of xu  versus x for 

different values of t.It is obeserved that xu  is approximatly 

zero from 0x to 5.0x  and 5.1x to 2x . Also 

xu develops compressive stresses from 

5.0x to 5.1x  in the square region for different values 

of t. 

 

3. Conclusion 
 

In this study I treated the three dimensional inverse transient 

thermoelastic problem of square plate with stated boundary 

conditions. Under these conditions the temperature 

distribution ),,,( tzyxT  ,unknown 

temperature ),,( tyxg at z=h ,The thermoelastic 

displacement ),,,( tzyxU , displacement components xu  

, yu  , zu  in X, Y, Z axes respectively and thermal stresses 

xx
, yy

, zz have been determined with the help of finite 

Fourier Sine transform ,Fourier Cosine transform and 

Laplace transform techniques. Any particular case can be 

derived by assigning suitable values to the parameters and 

functions in the expressions .I concluded that the system of 

equations proposed in this study can be adopted to design of 

useful structures or machines in engineering application in 

the determination of thermoelastic behavior and illustrated 

graphically. 

 

4. Acknowledgement 
 

The author is thankful to Prof. Anand Raipure for kind help 

in the preparation of paper. 

 

References  
 

[1] Adams RJ and Bert CW(1999). Thermoelastic 

vibrations of a laminated rectangular plate subjected to a 

thermal shock. Journal of Thermal Stresses 22 875-895. 

[2] Dange WK and Khobragade NW (2009). Three 

dimensional inverse steady-state thermoelastic problem of 

a thin rectangular plate. Bulletin of Calcutta 

Mathematical Society 101 (3) 217-228.  

[3] Dange WK (2014). Determination of thermal stresses of 

a three dimensional transient thermoelastic problem of a 

square plate.International Journal of Physics and 

Mathematical Sciences Vol. 4 (1) January-April, pp.50-

56. 

[4] Ghadle K.P. and Gaikwad K.R. (2011) Three 

Dimensional Non-Homogeneous Thermoelastic Problem 

In A Thick Rectangular Plate Due To Internal Heat 

Generation, SAJPAM , volume 5,26-38 . 

[5] Khobragade NW and Wankhede PC (2003).An inverse 

steady state thermoelastic problem of a thin rectangular 

plate.Bulletin of Calcutta Mathematical Society951 (6) 

497-500.  

[6] Komatsubara and Tanigawa (1997).Thermal stress 

analysis of a rectangularplate and its thermal stress 

intensity factor for compressive stress field.Journal of 

Thermal Stresses20 517  

Paper ID: SUB151087 205




