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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

spaceD:0<x<a, 0< y<a, 0<z <h, 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 spaceD:0<x<a, 0<y<a,

0 <z <h, 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 D :0<x<a,0<y<a,0<z<h.The

displacement comporents u_, u, and U, in the

X1 y
X, Y, z direction respectively are in the integral form as
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Where E, v and o are the Young’s modulus, Poison’s ratio

and the linear coefficient of thermal expansion of the material
of the plate respectively, | (x, y, z, t) is the Airy’s stress

function which satisfies the differential equation ,
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Where T(x, y, z,t) denotes the temperature of square plate
satisfying the following differential equation.
o°T 87T N o*T _ 10T 5)
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Where, K is thermal diffusivity of the material.
The initial condition is

T(X Y, 2,0)[0=0 (6)
The boundary conditions are
[rx y.z0) o =0 @)
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The stresses components are given by
o :[azu+az UJ (14)
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formulation of the problem under consideration. L & 2 oos(ln) | (M2 +n?)E2 41282

The equations (1) to (16) constitute the mathematical 8ak7r o i i[ I }[(1+V)m2[(_1)m+1+1]}

Solution of the Problem _ ,
o | L . A et e oy

Applying Fourier sine transform over x to the equation (5) sin—(z — (,E)J.u(m, n,t')e a °

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

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

inverses one obtains the expression for temperature and

unknown temperature g(X, Y, t)as

dt’
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- sm[ th’ f(m,n,t")e 2 : dt' Substituting values of (19) in equations (14) to (16) one
s obtains
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Determination Of Thermoelastic Displacement Function :

Substituting the values of T (x, y, z,t) from equation (17) mtenty? (1r
in equation (4) one obtains, sinl—ﬂ(z —f)ja(m i t‘)ei {T [5J }(t t)dtl
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Determinations Of Displacement Componentsu, ,Uy U, [( ) |2]
m? +n®)&* +a

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

Volume 4 Issue 2, February 2015

. WWW.ijsr.net
Paper ID: SUB151087 Licensed Under Creative Commons Attribution CC BY 202




International Journal of Science and Research (1JSR)
ISSN (Online): 2319-7064
Index Copernicus Value (2013): 6.14 | Impact Factor (2013): 4.438

(m?+n?)7% (1
_ 7&12 i +[;] }(t -t')

(z- §)j3(m, nt)e k[ dt

W 22?1
- sm[é]zjf(mnt)e { g [5”( )dt‘
xsin W% cos N (24)
a a
_—8oKIE & & L (m?+n?)
A mZ; nz:; ; Loslﬂ}hm +n2)§2+azlzﬂ
¢ _ L ety (1)
sinlg(z—g)_([u(m,n,t‘)e [ g (fj} it
W 22?1
- sm[ jzjf(mnt)e { o [5”( )dt'
nry (25)

. MnxX
X SIn —— COoS
a a

Special Case and Numerical Results and Discussion:
Setting ,

u(x, y,t) =@ —e")x(a—x)y*(3a—2y)
f(x v, =0-eYx@-xy*Ba-2y)e" |, e
equation (17) , one obtalns | (3a-2)
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Dimensions of the Square Plate:

Length, breadth of square plate a = 2m

Thickness of the square plate h=1m

&=0.5m

To interpret the numerical computations, we consider
material properties of copper (pure) square plate with the
material properties.

Poisson ratio, v = 0.35

Thermal expansion coefficient, o(cm/cm-°C) =16.5x 10®
Thermal diffusivity, x (cm?/sec) = 112.34x 10°

Young’s Modulus E=120GPa

2. Discussions
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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 T (x, y, z,t) develops tensile

stress from x=0to X=1.25and compressive stresses in the
region x=1.25to X=2in the square region for different
values of t.
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Figure 2: Graph of T versus y for different valuesof t

Figure 2: Represents the graphs of T (x,y,z,t) versusy for
different values of t.It is obeserved that T(x,y,z,t)goes on
decreasing from y=0 to y=2 and T(x,y,z,t)is zero at point
y=1 in the square region for different values of t.

T
4.00E+07

3.00E+07
2.00E+07
1.00E+07
0.00E+00

0.8

talsec

-1.00£+07 O

-2.00E+07 / t=258¢C

t=dsec t=isec

-3.00E407 t=asec

Figure3: Graph of T versus z for different values of t
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Figure 3: Represents the graphs of T(x,y, z,t) versus z for
different values of t.It is obeserved that T(x,y,z,t)goes on
decreasing from z=0 to z=0.2 and T(x,y,zt)is goes on
increasing from z=0.6.Also T(x,y,z,t) develops compressive

stresses from z = 0.2 toz=0.6 in the square region for
different values of t.
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Figure 4: Graph of U versus x for different values of t

Figure 4: Represents the graphs of U(x,y,z,t) versus x for
different values of t.It is obeserved that U(x,y,z,t) develops

tensile stress from X =0tox =1.25and compressive

stresses from x = 1.25toX =2 in the square region for
different values of t.
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Figure 5: Graph of o, versus x for different values of t

Figure 5: Represents the graphs of o ,, versus x for
is obeserved that O is

XX
o, develops tensile stress from X=1.4tox =2and

different values of t.lt

approximatly ~ zero  from

compressive stresses from X = 0.5to X = 14 inthe square
region for different values of t.
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Figure 6: Graph of O, Versusy for different values of t

Figure 6: Represents the graphs of G, Versus y for
is obeserved that o, s

y=0 toy=05
&Y=15ty=2 a1 O, develops tensile stress from

different values of tlt

approximatly Zero from

y=05t0y=1.52 in the square region for different

values of t.
1

Figure 7: Graph of o, versus z for different values of t
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Figure 7 : Represents the graphs of ©,, versus z for
different values of t.It is obeserved that ©,, goes on
increasing from Z=0 to 2=0.2 304 from 2=0.9 to
z=1pl50 O,, develops
2=02t0z=0.6 and

Z =0.6t0Z=0.9 in the square region for different values
of t.
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Figure 8: Graph of UX versus x for different values of t
Figure 8: Represents the graphs of UX versus x for

different values of t.It is obeserved that U is approximatly
zero from X=0tox=0.5 459 X=15¢ X=2 Als0

u x develops compressive stresses from

X = 0.5to X =1.5 in the square region for different values
of t.

3. Conclusion

In this study | treated the three dimensional inverse transient
thermoelastic problem of square plate with stated boundary
conditions. Under these conditions the temperature
distribution T(X, Yy, 2z,t) ,unknown

temperature g(x, y, t)at z=h  ,The  thermoelastic
displacement U (x, y, z,t), displacement components U,

1uy luz

o, Oy O, have been determined with the help of finite

in X, Y, Z axes respectively and thermal stresses

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.
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