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Abstract- This paper deals with the study of determination of the temperature distribution, displacement and stress functions at any point of a
rectangular beam occupying the space D: -a<x<a; -b<y<h; 0<z<e by applying Fourier sine transform and Marchi-Fasulo transform tech-
niques.
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Introduction

Adams and Bert [1], Tanigawa and Komatsubara [4] and Vihak et al.
[5] have studied the direct problem of thermo elasticity in a rectangu-
lar plate under thermal shock. Khobragade et al. [2] has studied the
inverse steady-state thermoelastic problem to determine the temper-
ature, displacement function and thermal stresses at the boundary of
a thin rectangular plate. They have used the finite Fourier sine trans-
form technique. Khobragade and Lamba [3] have studied study three
dimensional coupled thermoelastic response of infinitely long hollow
circular cylinder due to axi symmetrical heating, considered under the
thermo-mechanical coupling effect. This approach is based upon
integral transform techniques, to find the thermoelastic solution. The
expression for both the temperature and the stress distribution are
determined from field equation of motion. Numerical calculations are
carried out and results are depicted graphically.

In the present paper, an attempt has been made to determine the
temperature distribution, displacement function and thermal stress-
es of a thin rectangular beam occupying the region D: -a<x<a; -
b<y<b; 0<z<e~ with known boundary conditions. Here Marchi-
Fasulo transforms and Fourier sine transform techniques have
been used to find the solution of the problem.

Statement of the Problem

Consider a rectangular beam occupying the space D: -a<x<a; -
bsy<b; 0<z<e. The displacement components uy, uy, Uz in the x, y
and z directions respectively as [1] are

‘. I[l [82U U _vazU}%T}dx 1)

— +
E\ &y oz ox?

Ll1(eu U 8U

== - AT |d 2
“y IiE(azﬁaxz Vayz}r }y @

0 2 2 2
u_zjlaU+aU—v6U + AT |dz (3)
T Ela e

where E, v and A are the Young's modulus, Poisson’s ratio and the
linear coefficient of thermal expansion of the material of the beam
respectively and U(x, y,z,1) is the Airy’s stress functions which
satisfy the differential equation:
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Where T(x,y,z!) denotes the temperature of a rectangular beam
satisfying the following differential equation:
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where k is the thermal conductivity and is « the thermal diffusivity
of the material,

subject to the initial condition
T(x,y,z,0)=0 (6)

The boundary conditions are

OT(x, y, z,1)
Ox

I:T(x’y’z)+k1 :fi(y’zst) (7)
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transform to the [Eq-5] to [Eg-12], one obtains
_. o= ShR AR AEY)
T . t):j ag o lgaren gy WZ:; 11( g j( P ]‘([B(t)sm nzdz}dy (20)
o| K (16) "
20T A R | B
where 7 =a,2 +sz o u, = _|.|:ZZI[ j{ 1" JIB(t)sm nzdz +
Q =aQ, Q=g+nf, +® ) -
[ R | By T -
ZZ — | 2= || B(®)sinnzdz
_R@ , R(Ca) ., m=1 1_1[ g [ 1 j
¢ 3 Sy i, S ! 0
(R (X)j(P (y)j” 2
_B,® . _PB,(b +v —2 | —z=2 ) B(H)n” sin ndz —
D= i, fi— k, fa ;12_1:[ & My, ?')‘
Applying inversion of semi infinite Fourier sine transform and finite S&( R () | PO
Marchi-Fasulo transform to the [Eq-16], one obtain the expression for ;Z‘ £ i, ! BOysinnzdz \dz 21)
temperature distribution as,
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Special Case and Numerical Results
Set f(xy.z.0=(x+a)’ (x—a)’ (y+b)* (y-b)’z(1-¢™)
and g(x.p,0)= §(X_x|)5(y_y1)5(z_zl)5(t =)

Applying twice finite Marchi- Fasulo transform and then Fourier sine
integral transform, we get
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Substituting these values in [Eq-17], we get
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Numerical Results

SetA=1, 5_ 21
T

,a=3,k=117, =333, b=2, h=10°, t=1

in the [Eq-27] to obtain
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Material Properties

The numerical calculation has been carried out for an Aluminum
(Pure) rectangular beam with the material properties as,
Density p= 169 Ib/ft3

Specific heat = 0.208 Btu/ Io0F

Thermal conductivity k = 117 Btu/(hr.ftOF)

Thermal diffusivity a = 3.33 ft2/hr

Poisson ratio v=0.35

Coefficient of linear thermal expansion o = 12.84 x 106 1/F
Lame constant u = 26.67

Young’s Modulus of elasticity E =70GPa

Dimensions

The constants associated with the numerical calculation are taken
as

Length of rectangular plate a = 3ft

Breadth of rectangular plate b = 2ft

Height of rectangular plate h = 1031t

Conclusion

The temperature distribution, displacements and thermal stresses at
any point of a rectangular beam have been obtained; when the
boundary conditions are known with the aid of finite Marchi-Fasulo
transform and Fourier sine transform techniques.

The results are obtained in the form of infinite series. Any particular
case of special interest can be derived by assigning suitable values
to the parameters and functions in the expressions.
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