Indian Streams Research Journal
ISSN 2230-7850
Volume-4 | Issue-5 | June-2014 Auvailable online at www. isrj.net

QUASI-STATIC TRANSIENT THERMAL STRESSES IN A NEUMANN’S THIN
RECTANGULAR PLATE WITH INTERNAL MOVING HEAT SOURCE

!D. T. Solanke and’M. H. Durge

'Sudhakar Naik and UmashankarKhetancollege Akola, Maharashtra State, India.
2Anand NiketanCollge, Warora, Maharashtra State, India.

Abstract:-In this paper authors considered transient non-homogeneous thermoelastic problem
with Neumann’s boundary condition in thin rectangular plate of isotropic material, occupying
region R: 0<x<a,0<y<hb,0<z<c where b<a,c<b, cis very small as compared to b.

Initial temperature of the plate is f (X, Y, z)and plate is placed in an ambient temperature zero.
The plate is subjected to the activity of moving point heat source at point (X',y’,z") moving

with constant velocity vector a=u1i+u2j +U;k where u;,U,,U;are the component of velocity
vector along X, Y, zaxes respectively. The heat conduction equation containing heat generation

term is solved by applying integral transform technique and Green’s theorem is adopted in
deriving the solution of heat conduction equation. The solution is obtained in a series form of
trigonometric function and the thermal stresses are derived.

Keywords:Neumann’s thin rectangular plate, moving heat source, thermal stresses, Green’s
theorem.
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2. INTRODUCTION :

During the second half of 20" century, non-isothermal problems of the theory of
elasticity became increasingly important. This is due to their wide application in diverse fields.
The high velocities of modern aircraft give rise to aerodynamic heating, which produces intense
thermal stresses that reduce the strength of aircraft structure. Recently D. T. solanke, S. M.
Durge have studied the thermal stresses, in thin solid cylinder and hollow cylinder with
Dirichlet’s, Neumann’s and Robin’s boundary condition from [1] to [6]. Nobody previously have
studied such type of three dimensional temperature distribution and thermal stresses with
moving heat source in thin rectangular plate with Neumann’s boundary condition. This is new
contribution to the field of thermoelasticity. In this present paper we determine temperature
distribution and thermal stresses in thin rectangular plate with moving point heat source with
Neumann’s type boundary condition. The heat conduction equation containing heat
generation term is solved by applying integral transform technique and Green’s theorem is
adopted in deriving the solution of heat conduction equation. The solution is obtained in a
series form of trigonometric function and the thermal stresses are derived.

3.FORMULATION OF THE PROBLEM:

Consider a thin rectangular plate of isotropic material of length a, breadth b and height
C; occupying the region R: 0<x<a,0<y<h,0<z<c where b<a,c<bcis very small as

compared to b . Initial temperature of the plate is f(X,Y,Z) placed in an ambient temperature
zero. The plate is subjected to the activity of instantaneous moving point heat source at the
point (X', y’,Z") which changes its place along X,y,z axes moving with constant velocity vector
U=ui+u,j+uk where u,u,u, are component of velocity vector along X,y,zaxes

respectively. The activity of moving heat source or initial temperature of the plate may cause
the generation of heat due to nuclear interaction that may be a function of position and time in
the form g(x,y,z,t) w/s3. The temperature distribution of the rectangular plate is described by
the differential equation of heat conduction with heat generation term as in [7] page no. 9 is
given by

vt lg 1T
k o ot

where T =T(X,Y,2) is temperature distribution, k is thermal conductivity of the material of

the plate, @ =L is thermal diffusivity, p is density, C, is specific heat of the material and ¢

PC,
is volumetric energy( heat) generation term. VZisLaplacian operator in rectangular coordinates

p
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in three dimension. Now consider an instantaneous moving point heat source at a point
(X', ¥',2") and releasing its heat spontaneously at time 7. Such volumetric moving heat source

in rectangular coordinates is given by
9(x,y,2,t) =9,'6(x=x)8(y - y)8(z - 2)5(t —7)

Hence above equation reduces to

VAT + 2 g is(x—x)S(y — y)S(z—2)S(t—7) = =L (3.1)
k o ot

Where xX'=ut, y=ut, zZ'=ut (3.2)

With initial and boundary condition

9T _gatx=0,x=a (3.3)

OX

9T _gaty=0,y=b (3.4)

oy

9T _patz=0,z=c (3.5)

0z

4. THERMOELASTIC PROBLEM:

Let us introduce a thermal stress function y related to component of stress in the
rectangular coordinates system as in [8] where y = . +Xp o X lS complementary solution and

Xp IS particular solution. ;(cand;(p are governed by a linear homogeneous differential

equation and linear non-homogeneous differential equation

VA;(C =0
(4.1)
VZ;(p =—aEl
(4.2)
Where I'is temperature change T'=T —T, where T, is initial temperature
— 622 +5’_22 since plate is thin z is negligible
ox* oy
O-xx = gy;ztl
(4.3)
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T = aszt
(4.4)
2

o, =— ox

i Oxoy
(4.5)
The boundary condition is 0y,=0,=0 at y=Db
(4.6)

We define integral transform of T(X, Y, z,t) by

T(n—”,n—” nr tj:jT(x, y,z,t)cos(nﬂxjcos(n”yjcos[dev (5.1)
a b c = a b c
And its inverse transform by

__8 nz nz nz nzx nzy nzz (5.2)
T(X,Y,2,1t) 5 Z [a b o ,tjcos[ . ]cos[ b ]cos[ A ]

Taking integral transform of equation (3.1) and using Green’s theorem we obtain

oT oy, 5.3
[V Ty~ [TV ,,,kdw;![l,,kaq anik}dsi (5.3)

d—T+a(i2+i2+i2j n2z2T :ng‘ cos[n”ultjcos(nﬂuztjcos(nﬂ%tjé(t—r)
dt a~ b° c k a b c

This is linear differential equation of first order solving it and by applying initial condition we
arrive at

= nz nz nz nzu,r nzu,z nzu.z (lﬁlz*lz)"zﬂzf - (12+12+12)2”2t
T=|f|—=,—=, + & g, cos L Icos 2_ |cos 3 lera b g @ b
a b a k a b c

Taking inverse integral transform

8 & Nz X nzy nzz 7a(i2+i2+i2]n2”zt
T=—V1 cos(—jcos( b jcos( s le a? b’ ¢ (5.4)
a

abc =5
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Let the suitable form of y, satisfying (4.1) be

nry _nzy nry _hzy
Zy[Ae a +Be @ }cos(m)+y[Ce a +De @ }sm(nﬂxj (6.1)
a

a

Let suitable form of Xo satisfying (4.2) be

o O (R S e
2, = 280:Eab2 2zcos[nzxjcos(nzyjcos[n:zjx[e (az S+3) t—l} (6.2)

c(a® +b?)n?z? &

3 nzy _nzy nzy _nzy
Z:ZV[AG a +Be 2 }cos(nﬁxj y{Ce a2 +De 2 }sin(mj+
a a

8aEab & (nax)  (nzy)  (nzz) | e{beie i (6.3)
c(a® +b*)n*z? 2003 a )% )l X|e -1 :
n=1

From (4.3) and (6.3) we obtain

g2 M 77\/ nzy _nry 2 2 nry 2 2 nry 7y nzy
|:y[A a ] [ 79 a Bie a ]:Icos{@)_*_{y[c n 727 e +Dn V4 e a ]+2[Cn—ﬂe a _Dnle a ]:|Sm(nﬂx) (6.4)
© a a a’ a a a
Cu=

= o Lt L
" SOZEaZ cos(@]cos(ﬂ)cos[@jx e s “jn -1
bc(a®+b%) a b c

From (4.4) and (6.3) we obtain
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nzy _nzy 2,2 nzy _nzy 22
y(Ae 2 +Be @ J{—nf cos(m)}r y(Ce 2 +De @ J{—nf sin(mﬂ—
a a a a (65)
1,1 1)
h=0 80§Eb : COS(nﬂXjCOS(nﬂijOS[nﬂsz o (B33 ' 4
ac(a” +b?) a b c
From (4.5) and (6.3) we obtain

2_2 nry 2 2 nry nry n/zy 2_2 nry 2_2 _nry nry n/{y
{}’[Anf e _anzz e ? Jﬁ-[Amea L ﬂsin(@j—{y[Cnf e —anzr e ? J+[C Mee s pMe HCOS[MX) (6'6)
i a a a a a a a a a a
o, =
Xy
0

o | 8aE . (nzXx)_. (nzy nrz *a(%%%]n 't
————=Sin| — |sin| —= |cos| — |X]| e -1
c(a®+b?) a b c

Applying the condition (4.6) we obtain
A= (—1)"4aE 2@ =bn7) e COS(“”ZJX{G“’(;*&*;J”Z”Z‘ _1} (6.7)
C

bc(a® +b*)n3~®

nzb ol L2
B = —(—1)n4aE a(2a+b2n7z-2 - eT cos [EJX[Q (az b? czj _1} (68)
bc(a® +b*)n°~ c
C=D=0
(6.9)

Substituting above values in (6.4), (6.5)and (6.6)

D [n”y(asmh"”(y b) —bnz cosh 2= (y —b)) +2(@cosh 2= (y —b) +bnzsinh 2= (y — b))}
8aE 2 | n*z?
O =t
bc(a® +b?)

=0 acos(—yJ
b
nzx nzz *D{%*biz*%)”z”z‘ (6.10)
cosTcosTXea ¢ -1 :

o, = 8ok i{{ 1)“y[coshl”(y—b)+l;sinhT:(y—b))—bcos[r?ﬂ.cos(nzxjcos(nzzjx{e ”(a”rf*cz}"Z”zl_lﬂ (6.11)
T

ac(a’ +b?) 4

80E & [ (-1 .
axyzc(af:bz)z{én) [n”y(acosh“”(y b)—bnzsinh 2 (y —b) )+ (asmh%”(y—b)—bn;rcosh"f(y—b))} sm( ’;y}}

n=0
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n”X n;z-z ’a[i+i+ijn2ﬂ2t
sinf 2 Joos[ P22 x| " g (6.12)

7. CONCLUSION :

In this paper we determined the time dependent temperature distribution in three
dimensions and thermal stresses in a Neumann’s thin rectangular plate with moving heat
source with analytical approach. By giving particular values to the parameters one can obtain
their desired results by putting values of the parameters in the equations (5.4), (6.10), (6.11),
(6.12). From these equations we observe that initially (t =0) all stresses vanishes.
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