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Abstract

This work emphasizes on the effect of heat germrain quasi static thermal stresses in solid spféiis is the construction of
wide mathematical treatment through a one-dimemsisteady state temperature distribution and itsesponding stresses on account of
thermal tension in the shape of solid sphere.dthieen exposed to different types of heat soureeslaped. This paper elaborates on study
of the effect of varying heat generation on disefaent and thermal stresses. The integral transfechmique has been applied to solve
heat conduction equation by assuming the convediigemal boundary condition and arbitrary initimidasurrounding temperature. The
outcome of this analysis is represented numerieaity graphically.

Keywords: Thermal stresses, integral transformt bearces.

1. Introduction

A thermal stress on account of heat generatiorutitrasolids of various dimensions studied and aealyz
so far. Extensive research has been done in \@ariafithermal stresses with respect to changesténrial heat
produced by internal heat sources when travelsugirothe material. An engineering and industrialdfie
remained point of attention in its applications.efiinal stresses in solid spheres have been stugiedaby
authors. The survey of literature meets the erdivgly of work performed on thermal stresses, teatpes
distribution etc since long period of century. Bol&iener [1], Parkus [2], Noda [3], Nowacki [4]a€law and
Jaeger [5] provided the plenty of analytical infation. Cheung et al [7] evaluated the stressepliere by
using local heating. The tensile stress concemtriéutgited to the region of heating in the intermfrthe solid.
The stresses in magnitude corresponding to unifegating exceed the stresses by nonuniform heakaigguti
and Tanigawa [8] developed the model on spherigibn of hollow sphere. This development is corséd
on the basis of the three-dimensional field equatiof motion. The thermoelastic displacement pakthias
been introduced in this paper. All the stress campts are described in terms of this displacemetdanpial
with the aid of a harmonic function. Obata and N{@laattempted to find the effect of inside radaize and
variation of temperature on thermal stresses in FH@Mow sphere. It underlined the the study of effef
composition material on thermal stresses. OotacTamigawa [10] used spherical coordinates for dgvakent
of theoretical model of treatment to thermal stressblem. It has been calculated by consideringrttiating
heat sources inside hollow sphefée relations of stress components in terms ofbetastic displacement
potential and a harmonic function have been degicddire and Hamoud [11] treated rectangular ptdtEGM
and analysed the temperature distribution with esponding thermal stresses. The dependency of @herm
stresses on variation of temperature depicted tntiesl graphically. The different composition ofteréal was
considered and compared accordingly. Lutz and Zimmaa [12] presented a problem of uniform heating of
sphere and studied linear variation of elastic rlicalud thermal expansion coefficient with radiusolbenius
series method applied for finding the exact forndigplacement and stresses. P. Rani et.al.[13]dfaumalytical
solution of radially varying properties. Thermalests distribution studied on account of the diffiénealues of
powers of module of elasticity and power law indexheat generation. Bhave et.al [14] dealt witheéhr
dimensional axisymmetric problem by providing héatthe surface of clamped sphere. Heat transfer and
stresses were studied and analysed by Legendresféranunder steady temperature field. Kobayashi and
Sugano [15] treated hemisphere with unaxisymméteiating at inner and outer hemispherical surfacas.
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stresses and analytical solution obtained by usmgier cosine transform technique and Legendrefoam.

2. Formulation of the problem:

Let a solid sphere defined in a region< r < a. A sphere is assumed to be placed in arbitrarpézature

initially.

The transient temperature distribution is govermgthe equation:

9%T 20T , g(rt) 10T .

— s = <

=zt o5 . ~5; N 0<r<a t>0 1)

Boundary and initial condition:

aT

I =awm t>0 @
r=a

oT

ol =ro >0 Q

Where k is thermal conductivity, h is heat transfied« is thermal diffusivity of the material.
The temperature is symmetric with respect to cenfesphere, a function of r that is the radial alste.
Spherically symmetric problem, in which shearingsses and strains vanish and strain and straipmoents

in spherical coordinaté and @ are identical.

Op0 = Opp €00 = €gg (4)
Org = Ogp = Ogr = 0 (5)
€rg = €gp = €gr = 0 (6)
The equilibrium equation without body force in spbal coordinates reduced to

% + % [Zarr — Opg — U(Z)(Z)] =0 (7)
% + % [zarr - 099] =0 8
Stress strain relation:

Opr = Ae + 206 — (34 + 2p)a, T 9)
Ogg = Ogp = Ae + 2uegg — (3A + 2u)a, T (10)
Where strain dilatio® = €, + €gg + €gg = €, + 2€p¢ (11)

Whered,., 0gg and gy are the stresses in the radial and tangentiattire ande,- and €gg are strains
in radial and tangential direction, e is the stdilation.

A and p are the Lame constants related to the meddlelasticity E and the Poisson’s rati@s
VE E

- 1+v)(1-2v) H= 2(1+v) (12)
The strain component in terms of radial displacargn= u is
du u
€rr =5 €00 = €pp =7 (13)
The boundary condition on traction free surface is
o=0 atr=aandr =0»b (14)
=——= —[@-nT+2vi— (1 +v)aT| 15
Orr = (1+v)(1-2v) v dr Vr v)ae (15)
E du u
Ogg = T [v; + ~ = 1+ v)atT] (16)

Mathematical model is constructed by using abovwetgns (1) to (16).

Analysis Solutions:

On applying integral transform and inverse formtgathe problem, one obtains, the expression for the
temperature function of a non-homogeneous boungtartylem of heat conduction in sphere as,

=2y B (g _gmant (ﬂ) 2¢p=aQt g (T
T—aZaQ(l e ) cos —) trite cos(a) (17)
_ —gorzt
€rr = k(2a-r)2 (18)
_ —goat
€66 = 1 2a-r) (19)
Copper Sphere:
2
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—ZZ—(l—e “Qt)cos( )+r te~aQ cos(?) (20)
where
B—800079—@ ; Q=m?-T ;a=16
_ 8 005267t -1088t
Oy = 2.8 X 10 (32-7)2 (12832-4017) 21'44T] (21)

—-0.027t —-16t
(32-1)%2  (12832-401r)

Gog = 2.8 x 10° | — 21.447| 22)

Aluminum Sphere

—ZZ—(l—e “Qt)cos( )+r te~ 0t (23)
where
= 10501779—@ s Q=m2-% .a=21
r
_ 6 0.1156t —0.06228t _
0y = 170.3703 x 10° [ 255 4 —22 — 28,357 | (24)
_ 6 [-0.06228t | —0.08898t
0go = 170.3703 x 10° [ 2222 4+ 2% 28.35T] (25)
Cobalt Sphere:
T=ZZ:;Q(1— “Qt)cos( )+r te~aQ cos(?) (26)
where
B _6002307—@ c0=n2-% .a=12
r
_ 6 0.1592t 0.0715¢t
.. = 3.9975 x 10 [(24—r)2 D15, 727 | 27)
_ 6 [-0.0715¢ —0.11538t _
Ggo = 3.9975 x 10° | 2 4 K 15.72T] 28)
Chromium Sphere:
T=ZZ:;Q(1— “Qt)cos( ’ )+r te~aQ cos(mm) (29)
where
B—3001266—@ c0=m2-% .a=6
r
_ 6 [-0.1012t , —0.0253t
e = 3402778 x 10° | 22 + 22 7.2T] (30)
_ 6 —0.0253t —0.06329t _
Go = 3402778 x 10° | 2220 + 2B — 7.7 (31)

3. Result and Discussion
Graphical Analysis:
Aluminum:
Aluminum is sensitive to change of temperatured@gicted in fig. 1 and fig.2 The behavior of thelstaesses

along the axis and radius are found to be samature. But their capacity of handling the stresdifferent in
both directions. The maximum limiting value foundma along the axis as compare to the radial.
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Fig.1)Radius Vs Thermal stress along axis  Fig.2) Radius Vs Thermal stress along radius

Cobalt:
- 108 Radius Vs Thermal stress
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Fig.3)Radius Vs Thermal stress along axis

Fig.4) Radius Vs Thermal stress along radius

Cobalt is known for increase in temperature hagdtiapacity.As observed in graph thermal stresstisces

4
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along the axis and radial behaviour is not unifgricthanging.As found it is quit oscilating from mamim to
minimum but remain active to the change in tempeeadind corresponding thermal stresses.

Chromium:

In this the same result is depicted. The thermalsststarts falling from its maximum to minimum ragothe
radius. Along the axis uniform fall from higher ltmwer thermal stress is observed. The directioaddrire of
change in thermal stresses is observed.

As observed from the graph copper is not showinfpum relation in handling the thermal stressesglthe
axis. The journey of thermal stresses along thausad not so gradual. It falls and rise alternateticates the
nonuniform effect. The overall response of copperdjcts the variation in thermals stresses in diffie
direction along the axis or radius.
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Copper:

«108 Radius Vs Thermal Stress
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Conclusion:

In this article analysis is done by considering gte@pe of sphere. For this four materials weretdtea
mathematically for determination of temperature #mefmal stresses using integral transform teclmidine
second kind boundary conditions have been useddleing the heat equation for internal heat gemamafThe
axial and radial thermal stresses studied numéyieald graphically. When these four materials comagat is
found that the stress handling capacity of coppdraduminum is more as compare to chromium andltoba
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