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ABSTRACT- This paper is concern with the thermoelastic
solution of a thin rectangular plate in which an attempt has
been made to determine the temperature distribution and
thermal stresses with the help of integral transform technique.
The results are obtained in term of Bessel’s function in the
form of infinite series.
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I. INTRODUCTION

Several researchers have considered the heat
conduction equation with internal heat generation and
find the solution by various methods. N.W.Khobragade
and P.C.Wankhede [6] studied an inverse unsteady-state
thermoelastic problem of a thin rectangular plate.
Recently D.T.Solanke and M.H.Durge [18] has been
considered the heat conduction equation with internal
moving heat source for a Neumann’s thin rectangular
plate and find the thermal stresses by using Green’s
theorem. Also D.T.Solanke and M.H.Durge [19] has been
determined the temperature distribution and thermal
stresses in thin rectangular plate with moving line heat
source taking second type boundary condition by using
integral transform technique and Green’s theorem.
Kidawa-Kukla J [9] has studied the temperature
distribution in a Rectangular Plate heated by a Moving
Heat Source.

In present paper author considered thermoelastic
problem with second and third kind boundary condition
in a thin rectangular plate occupying the region

D:—a<x<a,-b<y<b,0<z<h}.The solution

of the problem is obtained by using finite Marchi-Fasulo
transform and finite Fourier cosine transform techniques
in the form of infinite series.

Il. STATEMENT OF THE PROBLEM
Consider a thin rectangular plate occupying the

region D:—a<x<a,—b<y<b,0<z<h}. The
plate is subjected to the motion of moving point heat
source at the point (0,y’,z") which move its place along

X, Y, Z axes with constant velocity vector
V=Vi+V, j+V,K

where V;,V,,V; are component of velocity vector

along X, Y, Z axes  respectively. ~ The  temperature
distribution of the rectangular plate is given by
0T 0°T o°T X, Y,2z,t 10T
AL 2+9(Y):__
ox® oy° oz k a ot
Where K is the thermal conductivity and & is thermal

diffusivity of the material of the plate. Consider an
instantaneous moving point heat source at point (0, y’,z")

@)

and releasing its heat spontaneously at time t" Such
volumetric moving heat source in rectangular coordinates
is given by (2.4.1)

9(x,y,2,t) = g,6(X) 5(y — y)S(z - 2)(t ')

Hence equation (1) becomes

o°T 2T o°T 1
—+—+—+-0,0(X)0(y-Yy)o(z-2"o(t -t
o oy T T WSyt

_tlar
Ca ot
Where Y’ =V,t and Z'=V,t, with initial condition
T(X’ y’ Z’O) :TO (3)
And the boundary conditions are given by
T(X.y.z,t)+k1%} = Gy(y.2.) (4)
T(X, y,z,t)+kzw} =G,(y,zt)
L x X=—a
)
T(x, y,z,t)+k3M} =G3(x,2,1) (6)
L ay y=b
T(x, y,z,t)+k4w} =G, (X,2,t) @)
L y=—b
[oT(x,y,z,t
M} — fl(xl 2 t) (8)
L oz 120
[oT (%, Yy, z,t
M} — fz(xl Y, t) (9)
L oz 22h
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Let us introduce a thermal stress function }" related to
Component of stress in the rectangular coordinates
system

asin[6] is
X=X T Xp (10)
where ¥ is the complementary solution and %, is

particular solution.
X and Y, are governed by equations:

o2 oY

AR A (11)
aXZ ayZ

and

o0 Y

(yﬁ'?j }(p =—qETl. (12)
Since plate is thin z is negligible and where

I'=T-T,, T,isinitial temperature.
Also component of stress functions are given by

2
o, = gy—f (13)
62
O, = v (14)
2

The boundary conditions are
o,=0,0,=0ay=b.

Equations (1) to (15) constitute the mathematical
formulation of the problem under consideration.

11l. SOLUTION OF THE PROBLEM
Applying finite Marchi-Fasulo transform two times and
then finite Fourier Cosine transform to equation (2), also
using given boundary conditions we get

2__2 —=

”h’; T +G

CaT T -

+ '”T”[(—1)”+1 f,+ f,]+ % go4a,a

cos(aya)cos(b,b)i(t —t‘)cos(dny')cos(n_ﬂ} _1dT
h a dt
(16)

Solving above equation and using initial condition we get,

2 2
x [ J. exp[a[af +b2 + nh—Z]t<G + nTﬁ [(—1)n+1 fo+ fl]

Ego4aI b, cos(a,a) cos(b,,b) cos(d,y")o(t —t')
cos[n%z)dt +Q

(7)
Where
2 2

Q= J.exp[a[af +b2 + nh72r

]t<G +“T” 1, 41,
E 0o4a,b,, cos(a a) cos(b,,b)cos(d,y")o(t —t')

cos(nTﬂz'j )dt

AndG=G (Gl, G,, Gg, G4)
Taking inverse finite Fourier cosine transform, and
Marchi-Fasulo transform two times we get

+

t=0

2_2
exp[o{aq2 +b2 + nh—z](t -1

122 % PR, |
hI,m,n,:l /11 Him

<G + ”T”[(—l)”+1 fy 4 1]

+ Ego 4a,b,, cos(a,a) cos(b,,b) cos(d, y")o(t-t')

x cos(nTﬂz'de cos[n—:zj }

And

(18)

2y LI

“h
ina Bt <G+”T”[(—1)“”fz+fl]

" % o4a,b,, cos(a,a) cos(b,,b) cos(d,y")o(t—t")

x cos(nT”Z'jdt) cos(%j} T,

IV. DETERMINATION OF STRESS FUNCTION
Let the suitable form of } - satisfying (11) is given by
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I,m,n=1

= L Nz
+y®lce? +ce @ cos(—j
h

(19)
Let the suitable form of y, satisfying (12) is given by

= = -z Nz
X = Z yzlcle a tce @ }sm( - J

o0

2aEa®b? P.(X) Ry(Y)
x
h(a2 + b2)|’§:1 Hm {

[jexp[a[aﬁ B2+ —Zz)(t —t')<G ‘ ”T”[(—l)”+1 N

E go4a,m,, cos(a,a) cos(b,,b) cos(a, y)o(t-t')

Xp =

nz nm
sin=— )t ]cos( A ] =T, (20)

Substituting equation (19) and (20) in (10), one obtains
0 nzx —nzax Nz
2 L 7Z'
x= y°lce 2 +c,e & |sin

nzx —Nzax
)| = —= nnz
+y {cse a tc.e ? }COS(TJ

20Ea’h? < R(X) Ry(y)
' h(a +b )I n§1 Hm d

[J‘exp[o{a,2 +b2 +

E go4a,m,, cos(a,a)cos(b,b)cos(a, y)o(t—t')

)(t t)<G+ Tlenmit, + 1+

sin% )t ]cos(%} =T, 21)

Using (21) in (13), (14), (15) we get

0 nzx —N7ax Nz
Oy = Z Zlcle a yce @ }sin(%)

I,m,n=1

= = N7z
+2{c3e a ycue @ }cos(Tﬂj

20Ea°h® | <5 Ri(X) Rp(Y)
+ X
h(a? + b2 ’{,n;l .

2 2

](t t)<G+ Tlenmit, + )+

[jexp[o{a,2 +b2 +

% 0o 4a,m,, cos(a,a)cos(b,,b) cos(a, y')o(t—t')

. Nz’ nzz
sin=— )t ]cos(Tj} 22)
¥y
) 2| = _h Nz
- 2 a a |sj
Oy = y ed +ce @ [sin —
" Imz,n:=1 a’ {01 i ] ( h )
2 2| nm —nax
+y2n72r [c3e a yce @ ]cos[n—ﬂzj}
a h
20Ea’h? | <& n ()
hia +b2i y7m.

[jexp[a[a,2+b2 ;ZJ(t t)<G+ T lenrtt, + g

E 0o4a,b,, cos(a,a) cos(b,,b) cos(a, y')o(t—t')

smnT7ZZ )dt cos }
(23)
Oy = i {Zy%[qeczea ]sm[—j
I,m,n=1

2 2
[jexp[o{af +02 + "h—’;](t —t')<G + “T”[(_l)nﬂ o+ fl] |

E 0o4a,b,, cos(a,a)cos(b,,b) cos(a,y")o(t—-t")
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sin”T”Z' \dit ]Cos(nTﬂz)}xy

Using the boundary conditions

y =b and equation (22) and (23) we get

1 azy ay
C =-—= 1 + 2
' 2L)n2 2 2bnﬁ}
C, = _1 azi/l a}/Z
2 2| bn?72
And C,=C, =0
Where
2aEa’b?

= (a2 +02)

[J‘exp[a{aq2 +b2 +

I,m,n=1

E go4a,b,, cos(a,a) cos(b,,b) cos(a,y")o(t—t')

sin——

(2 2)
hla“ +b el

U exp[oz[a,2 +b2 +

2nzx
+ e @
2bn7r}

{ S RO R(),

Hm

Hm

Rn(Y)

" o o 7 ) |

20Ea’h? | <~ P/(X)
Yy = { Z A

(24)
O'Xy:O,O'yyzo, at
ay.
+ Y2 e a
2bnrx

](t t)<G+ Tl + 1)+

(25)
b

](t t)<G+ Zlenmat, + ]

% go4a,b,, cos(a,a) cos(b,,b) cos(a, y )o(t-t')

i anrz )t ]COS[nTﬂj}xy}

y=b

(26)

Substituting the above values in (22) to (24), it gets

N

37’1

{5

1| a%y
[ |:bn2 12 o
1
+ an > +

a7,
2bnrx

2bnr

ay,

nﬂ)(

ea

2n7x
a

}

+ ay,
2bnrz
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2aEa’b?

S~ RO Ra(y)
[ J exp[oz[a,2 +b% +

E 0o 4a;m,, cos(a,a)cos(b,,b) cos(a,y')o(t—t')

sin 2. )t Jcos nz
h h
yy
[ 2 nax
_E a}/l + ayZ o 2
2| bn?z?  2bnz
0 y 2 2nax
a 202
GWZZ +[_1{a7/12+ 72}ea +_a}/2J

bnz%  2bnz 2bnz
nm
sin
&

200’ { ECLEON

+
h(a2 + b?) = My
271_2
jexp[a[aﬁ+b§+ . J(t—t')<G

% go4a,b,, cos(a,a) cos(b,,b) cos(a, y)o(t—t')

sin V% )dt ]cos hm
h h ),
1 a7/1 + ay, o a
2| bn?z%  2bnz
ayn

2nzx
: __E N, | ., an
2 2
2| bn“zc 2bnz 2bnr

j(t t)<G+ Iyt + 1]

(27)

+”T”[(—1)”+l N

(28)

Uexp[o{@2 +b2

E 0o4a,b,, cos(a,a) cos(b,b) cos(a, y')d(t-t')

o ]

+_72[](t —t')<G +“T”[(—1)”+1 f+ |+

(29)
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V. SPECIAL CASE AND NUMERICAL RESULTS
Set

(% y,0) = (x-a) (x+a)2(y-b) (y +b)2(Toe )
f0%y,0) = (x-a) (x+a)2(y~b)*(y-+b)e"fToe )
G1:GZ=G3:G4=O.

a=2,b=4,h=2,t=1secin equation (18), we get

R TN
I,m,n,=1 /11 Hm

27[2

x Uexp[o{a,2 1p2 4] 7

+ E 0o4a,b,, cos(2a,) cos(4b,,)cos(d,y")o(t—t')

cos(nTﬂzlde cos(%j }

VI. CONCLUSION
In this paper, the temperature distribution and thermal
stresses have been found by using the finite Marchi-
Fasulo transform and the finite Fourier cosine transform
with moving heat point source. The results are obtained in
the form of infinite series.

J(l—t')<G N “7”[(—1)“1 f,4 1,

(30)
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