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Abstract— In this paper we deal quasi-stationary, non-
homogeneous thermo elastic problem with Robin’s
boundary condition in one dimensional rod of isotropic
material occupying the regiono < x < a _ Initial temperature
of the rod is zero and placed in an ambient temperature
zero. The rod is subjected to the activity of moving point
heat source located at . moving with constant velocity
u along x-axis.
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1. Introduction

Recently D T Solanke and M H Durge have studied
transient non- homogeneous thermoelastic problem in thin
rectangular plate with Dirichlet’s, Robin’s and Neumann’s
boundary condition from [1] to [10]. Now in this paper
authors determine the temperature distribution and thermal
stresses in one dimension with moving point heat source
with quasi-stationary Robin’s boundary condition. This is
new contribution in the field of thermoelasticity.

2. Formulation of the Problem

Consider a rod of length a occupying the

region0 < x < a . Initial temperature of the zero is placed
in an ambient temperature zero. The rod is subjected to the
activity of instantaneous moving point heat source located
at the point x’, which changes its place along x axis,
moving with constant velocityu . The activity of moving
heat source cause the generation of heat due to nuclear
interaction that be a function of position and time in the

form g (x,t)w /s’ . The temperature distribution in one

dimensional rod is described by the differential equation of
heat conduction with heat generation term, as in [11] page
8, is given by
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Where, T =T (x,t) is temperature distribution, k is the
thermal conductivity of the material of the rod, is thermal
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diffusivity, , is density, c, is specific heat of the material
of the rod and g is energy (heat) generation term.
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Now consider an instantaneous moving point heat source
located at point x and releasing its heat spontaneously at
time t. Such point moving heat source in one dimension is
given by delta function

g0t =g 6 (x-x)
Where,
X =ut

Hence above equation reduces to
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With initial and boundary condition
aT
k—-hT =0 al x=0,t=0 (2.2)
ox
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k—+hT =0 at x=a,t=0 (2.3)
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Where, k is thermal conductivity and h is heat transfer
coefficient of the material of the rod.

In the solution of the moving heat source problem it is
convenient to let the coordinate system move with the
source. This is achieved by introducing a new coordinate
x defined by

X =x—-ut (2_4)

Hence above equation reduces to
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3. Quasi-Stationary Condition

Stationary medium means initially at zero temperature. Ty
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The boundary condition

=0, al x=0,x=a (5.2)

Hence quasi-stationary condition is mathematically defined

by setting,

T
= 0 and hence (2.5) reduces to

Where,
Z=xctxp Ao is complementary function and y , is

particular function. y  and y are governed by a linear

at
2 .
° T2 AN ,ig plé'(x) (3.1) homogeneous  differential ~equation and linear non-
oX a oX k homogeneous differential equation respectively and
Above equation can be transformed into a more A
convenient form by introducing a new dependent variable V xc=0 (5.3)
0 (x ) defined by,
vzlp = -2er (5.4)
(LU )
T(x)—o(xye 24 (3.2)  Where,
Hence above equation reduces to s 0 2
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oX 2a k
[ is temperature change
4. Solution r=T-T
The solution of (3.1) is Where,
_uy [“Zt‘ SR BT T 4.1) T, isinitial temperature
T(x,t)= A+Be “ e +—gp|e0’e”‘ _al
ku L
6. Solution of Thermoelastic Problem
Applying the condition (2.2) and (2.3) we obtain
r=T7-T,
A:igpI B:—igpI (4.2)
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From (4.1) and (4.2) we obtain ku
u, l2u? W2 . L
T = gyl @ Nea ' _sa| (4.3)  Letthe suitable form of ;. satisfying (5.3) be
ku L J
Ze = ox 4 dx (6.2)
5. Thermoelastic Problem
Let us introduce a thermal stress function 4 related to Let suitable form of  , satisfying (5.4) be
component of stress in the material as in [12]
(202, (u2.))
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From (5.1) and (6.4) we obtain
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Applying (5.2) to (6.5) we obtain
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From (6.5), (6.6) and (6.7) we obtain
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7. Conclusion

In this paper we determined the time dependent
temperature distribution and thermal stresses in one
dimension, with moving heat source in stationary condition
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 (4.3) and (6.8).

From these equations we observe that initially (t = 0) all
stresses vanish.

References

[1] D.T. Solanke, M. H. Durge Quasi-Static transient Thermal Stresses
in a Dirichlet’s thin Solid cylinder with internal moving heat
source (IOSR-JM) Volume 10,Issue 2 ver.1 Mar-Apr.2014 PP 51-
55.

[2] D.T. Solanke, M. H. Durge Quasi-Static transient Thermal Stresses

in a Neumann’s thin Solid cylinder with internal moving heat

source (AJER) Volume-03, Issue-03, pp-75-79

D. T. Solanke, M. H. Durge Quasi-Static transient Thermal Stresses

in a Robin’s thin Solid cylinder with internal moving heat source

AJCEM 3 :2 March-April (2014) pp 8-11

[4] D.T. Solanke, M. H. Durge Quasi-Static Transient Thermal Stresses

[3]

; : E P Group of Journals

ISSN 2394 - 7179 (Print)
ISSN 2394 - 7187 (Online)

202)  [u2,))
L) L= (6.4)
|
J
2]
e |} (6.5)
J
(6.6)
(6.7)
(Lu
—11|—|reL “ )—Jll (6.8)

in a Dirichlet’s thin Hollow Cylinder with Internal Moving Heat
Source International journal of Physics and Mathematics
ISSN:2277-2111 2014 vol.4 (1) January- March pp 188-192

D. T. Solanke, M. H. Durge Quasi-Static Transient Thermal Stresses
in a Neumann’s thin Hollow Cylinder with Internal Moving Heat
Source. Golden Research Thoughts ISSN 2231-50963, vol.3,
issuel?, june 2014

D. T. Solanke, M. H. Durge Quasi-Static Transient Thermal Stresses
in a Robin’s thin Hollow Cylinder with Internal Moving Heat
Source. International journal of Mathematics Trends and
Technology vol.8 number 1- April 2104.

D. T. Solanke, M. H. Durge Quasi-Static transient Thermal Stresses
in a Robin’s thin Rectangular plate with internal moving heat
source. Weekly Science Research Journal vol.1, issue 44, may
2014.

D. T. Solanke, M. H. Durge Quasi-Static Thermal stresses in thin
Rectangular plate with internal moving line heat source. Science
park research journal, vol.1 ,issue 44, 22 may 2014.

D. T. Solanke , M. H. Durge Quasi-static Transient Thermal Stresses
in a Dirichlet’s Thin Rectangular Plate with internal moving heat
source, Review of Research journal vol. 3 issue 9 june 2014

[10] D.T. Solanke, M. H. Durge Quasi-static Transient Thermal Stresses
in a Neumann’s Thin Rectangular Plate with internal moving heat
source, Indian Stream Research journal vol. 4 issue 5, june 2014.
Necati M Ozisik "Heat conduction, Second Edition, A Wiley-
Interscience Publication John Wiley and Sons, inc. New-York
page no. 7.

N. Noda, R. B. Hetnarski , Y. Tanigawa , Thermal Stresses, second
edition, 2002.

(5]

(6]

(71

(8]

(9]

[11]

[12]

94



