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ABSTRACT

This paper is concerned with the determination of temperature distribution T_i (y), i=1,2
Check for . : ; .
updates and thermal stresses o_xi of the transient thermoelastic problem of two-layer composite
slabs with outer surfaces at y=-h_1 and y=h_2 and interface at y=0.Let b is the width
of the slab which is the same for both the layers and h_i, i=1,2 is the height of each layer.
CorrespondingAuthor Initially, both the layers of the slab are kept at T_0 temperature. For time t>0 the outer
W.K. Dange, boundary surfaces y=-h_1 and y=h_2 are kept at zero prescribed temperature. The
properties of the solid are uniform with each layer but discontinuous at the interface at
y=0. The solution can be determined with prescribed initial and boundary conditions and
expressed graphically.
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1. INTRODUCTION
Adams and Bert [2] have studied the direct problem of thermoelasticity in a rectangular plate under thermal shock. W.
K. Dange et. al. [5,6] have studied the thermoelastic Problem of a Thin rectangular plate and square plate. A. Vattr” ea.
E. Panb [1]has derived Three-dimensional exact solutions for temperature and thermoelastic stresses in multilayered
anisotropic plates for advanced boundary-value problems with general boundary conditions . Laxman V Bharambe et.
al.[4] have studied the stress and deformations in the elliptical and rectangular plates with and without cutout by using
finite element analysis . Huang Sheng et. al. [5] has investigated the stress state of the rectangular domain.This paper
aims to evaluate temperature distribution T;(y), i = 1,2 and thermal stresses g,; of the transient thermoelastic
problem of two layer composite slab with outer surface aty = —h,; and y = h, and interface at y = 0.Let b is width of
slab which is the same for both the layers and h; , i = 1,2 is height of each layer. Initially both the layers of slab are kept
at T, temperature. For time t > 0 the outer boundary surfaces y = —h; and y = h,  are kept at zero prescribed
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Thermal Stresses in Two-Layer Composite Slab with Discontinuous at the Interface

temperature . The properties of the solid are uniform with each layer but discontinuous at the interface at y = 0. The
orthogonal expansion technique is used to determine the solution and assessed graphically.

2. STATEMENT OF THE PROBLEM
Consider two-layer composite slab with outer boundaries aty = —h; and y = h, and interface at y = 0.Let b is the
width of the slab which is the same for both the layers and h; , i = 1,2 is the height of each layer. Let temperature
distribution T;(y), i = 1,2. Transient boundary value problem of heat conduction equation is:
a%T; 1 0T; ,
a_yz = a—lE ,1=1,2 (1)
Where «; , i = 1,2 is thermal diffusivity of the slab.
Subject to the initial conditions

M:(T;,1,0,0) =Ty Forall —h; <y <0 (2)
M.(T5,1,00) =Ty 0 <y < h, (3)
and boundary conditions
M, (T;,1,0,—hy) =0 (4)
M, (Ty,0,kq,0) = My,(T,,0,k;,0) at interfaceaty = 0 and t > 0 (5)
M, (Ty,0,—kq,0) = h(T; — T,) atinterfaceaty = 0and t > 0 (6)
M,(Ty,1,0,h) =0 (7)
Where h is contact conductance at the interfaceand k; , i = 1,2 are thermal conductivities of the slab.

Thermal stresses are given by
0 xi(y) = —a,ET; (y) + %{2[& + X, 1[E2hy® + Erhy®] — 3[R3 + Ry][Exhy” + Erhy ]} +
E1hib] — [R; + R,][E2h,°b + E;hy*b]} i=1,2 (8)

Where D = b2(E,h,” — Eyhy?)” + 4 b2hyhy By By (hy + hy)? (9)

Ry = f_ohl ay, E; Ty (y)dy (10)

Ro = [ ar,Ey Ty, (y)dy (11)

X; = [0, @, E1yTy ()dy (12)

Ry = fohz ag, By yT, (y)dy (13)

Since external forces do not act on the slab then

0 h
f_hl ap, By 0 ydy + fo ’ ar,Ey 0 42dy =0 (14)
And
0 h
Jop, e, By 0 dy + [ @, B2 yo ody = 0 (15)
Where a, L= 1,2 are thermal expansion coefficient, E;, i= 1,2 are Young's modulus

6E;

: {2[R3 + R,][E; hyb +

3. DETERMINATION OF TEMPERATURE FIELD

temperature with prescribed boundary and initial conditions are given by

T;(y,t) = Yoy AnYin () exp(—a; Bint) ,i=1,2 (16)
Where Y;, (y) is eigenfunctions which are chosen in the form
Yin (Y) = sinP1n ¥ + D1p coSPiny (17)

Yon(y) = Con sinfon y + Dyn c0SPoy y (18)
Where Dy, ,C,, , D,, are unknown coefficients to be determined from given boundary conditions (4), (5) and (7) as

follows

Dy, =tan fBi,hy (19)
_ |%1ks

Cn = [0 (20)

Dy, = —Captan Byph; (21)

B1n and B,, are eigenvalues of eigenfunctions Y;,,(y) and Y, (y) respectively. Equation (6) will be used to determine
the relationship between eigenvalues f5;, and f,,. As time is the same on either side of the interface due to their no
storage of energy at the interface then
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Ban = [ Bin (22)
And
~h k
Bin =T 2 [0 Buahy +2 (10 fanhacospsny] (23)
1 2 2 2
Thus temperature distribution in the two layers Slab with contact resistance at the interface is given in the form
Ti(y,t) = Xp=1 Anlsinfi, y + tan Biphy cosPiy vl eXP(—a’l ﬁlnzt) (24)
o ki .
Ta0) = Bt An | [2 2 5inB2ny + ta0 finhs cosfzn y] exp(=az fon’t) (25)
Where
4k, Ty coS Bip hisinfin hy + cosfyy hy + sinfy, hy — 3

kg 2B1n hisec?Biy hy + sinfy, hy(tan?By, hy — 1) — Stanfy, hysinfy, hy
+2B1n ha (1 + tanfyy, hysinfay hy) + I Sinfon hy(tanPyy, hysinfyy, hy — 1)

- /% sin? By, hy (26)
1
Thermal stresses are given by

2b2E, \2a., E
0 x1(¥) = —a E; Y5-1 Aplsinfin y + tan Binhy cosPin yl exp( a1 Pin t) + Y= 1{ 5 1{% [cos Binhy — 1+

[1 — cos Bop hy + tanPByy, hysinBqy, hy ] [Ezhz + E hy ] - 3at1E1 hlcos Bin by +

tanfin hysinfi, bl + ar, E, [/3

—hy,cos h 1 .
2605 Pon 2 5 SinPon hy +
Ban Bin

—hySinfin hy 1 > [1 — Ccos ﬁln hl]] + atzEz [

%sinﬁln hy + tanfy, hy
Bin B1in

Bin

-hzsinﬂz-n hz 6b2E1

tanfyy, hy —-

[E,hy” + Evhy ] +

tanPy, hy sinfanhy | 1 5> [1 — cos B1, h][1 — cos Biy hyl|| + a2 E, “hacosBanhp 4 1 5 Sinfon hy +
] Bin Bin Ban Ba22n
—hzsinﬂzn hy 1 1 .
tanBZn hz [)’ + ﬁ 2 [COS :8271 hz - 1]] [EZ hzb + Elhlb] - {atlEl [))_ [COS :8171 hl - 1 + tanﬁln hlslnﬁln hl] +
2n in in
ayE, [ 5. [1=cos foy hy + tanfyn hasinfyn hy ]} [E;ho b + Elhlzb]}} (27)

o ky . o )2b%E; \2a¢ E
0 )= —a, E, Yn=14n [\/Z:;k_;smﬁmy + tan Bi,hy cosPon 3’] exp(—az ﬁant) + Xn=1 {Tl{ﬁ [cos Bin hy —

1+ tanfn hysinfi, byl + ar, E, [/3

[1 — cos Boy hy + tanPyy, hysinBqy, hy ] [Ezhz + E1h13] —
—hycos Ban ha

3a, E
%t Bom

_|_

hisinfin hq 1 > [1 — cos By, hl]] + atzEZ [

h1 coS 1y, hi + 72 smﬁln hy + tanfi, hy [ e o

thiTl,BZn h2 6b2E1

Bzn

11112 Sinfon hy + tanfyy, hy [ ] + 3 L 5 [cos Byp hy — 1]” [Ezhzz + Elhlz]} + 2a; Ey

2n

-1 hicos By, hy +
Bin

—h,cos h 1 .
2605 fonhz | 5 SinPon hy +
ABZn BZZn

+ ayE,

1, —sinfin h 1
msmﬁm hy + tanfy, hy [ s”/f:l L+ 5 ? [1 — cos By hi][1 — cos By h1]]

ShodhKosh: Journal of Visual and Performing Arts 2952


https://www.granthaalayahpublication.org/Arts-Journal/index.php/ShodhKosh

Thermal Stresses in Two-Layer Composite Slab with Discontinuous at the Interface

tanBon hy ["25";32” 2 4 . L [cos Byp hy — 1]] [E, h,b + E,hib]| — {atlEl ﬁi [cos By by — 1 + tanpBy, hysinfin hyl +
2n in in
a,E, i [1 = cos Bop hy + tanBq, hysinfon, hz]]} [Eho b + Elhlzb]} (28)

4. NUMERICAL CALCULATIONS
Numerical calculations are carried out for the copper slab with properties
thermal expansion coefficient : a,, = a,, = 16.5x 1076K~*
thermal diffusivity a; = a, = 112.34 x 107%m?2s™?!
outer boundaries: h; = 1 inch h, = 2 inch
thermal conductivities k; =k, =1
Young's modulus=E; = E, =120 Gpa
substituting all these values in the equations (24) ,(25), (27)& (28)and illustrated graphically
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Figure 1 Graph of T, versusy for different values of t
Figure 1 shows the graph of T, versusy for different values of t . It is observed that T; goes on increasing.
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Figure 2 Graph of T, versusy for different values of t
Figure 2 shows the graph of T, versusy for different values of t. It is observed that T, goes on increasing from y=

—1toy =0 andthen T, is constant for different values of t.
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Figure 3 Graph of o ,, versusy for different values of t
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Figure 3 shows the graph of ¢ ,; versusy for different values of t . It is observed that 0 ,; goes on increasing from
y=—1toy=2.
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Figure 4 Graph of o ,, versusy for different values of t
Figure 4 shows the graph of o ,, versusy for different values of t . It is observed that o ,, develops tensile stresses
from y = —0.5toy = 0 then goes on increasing from y=—-1toy=-05 andy =0 toy =2
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Figure 5: Graph of T, versust for different values of y
Figure 5 shows the graph of T; versust for different values of y It is observed that T; develops tensile stresses from
t="7secto t=12 andt =17secto t = 22sec and compressive stress from t = 12secto t =17 sec andt =

22sec t = 28sec then T4 goeson increasing from t= 5sec tot = 8 sec andt= 28sec tot = 30 sec
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Figure 6 Graphof T, versust for different values of y
Figure 6 shows the graph of T, versust for different values of y . It is observed that T, develops tensile stresses
from t =5secto t = 15.1t is approximately equal to zero from t = 15secto t =25 sec and then T, goes on
increasing from t= 25sectot = 30 sec .
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Figure 7 Graph of o ,; versust for different values of y
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Figure 7 shows the graph of ¢ ,; versust for different values ofy . Itis observed that o ,,; develops tensile stresses
from t = 10secto t = 20.It is approximately equal to zero from t = 20secto t =25 sec and theno ,, goes
on increasing from t= 25sec tot = 30 sec .
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Figure 8 Graph of o ,, versust for different values of y
Figure 8 shows the graph of o ,, versus t  for different values of y . It is observed that
0 2 IS approximately equal to zero from t = 10secto t =25 sec and then o ,, goes on increasing from t=

5sectot = 10 sec and t= 25sec tot = 30 sec .

5. CONCLUSION
In this paper one treated the transient thermoelectric problem of the two-layer composite slab with prescribed initial
and boundary conditions. Temperature distribution T;(y), i = 1,2 and thermal stresses a,; ,i = 1,2 have been
determined by using the orthogonal expansion technique and illustrated graphically.
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