© 2023 JETIR July 2023, Volume 10, Issue 7 www.jetir.org (ISSN-2349-5162)

JETIR.ORG
JOURNAL OF EMERGING TECHNOLOGIES AND

INNOVATIVE RESEARCH (JETIR)

An International Scholarly Open Access, Peer-reviewed, Refereed Journal

THERMAL DEFLECTION OF FINITE LENGTH
SOLID CIRCULAR CYLINDER DUE TO RAMP-
TYPE HEATING

W.K. Dange
Department of Mathematics
Shri. Shivaji Arts Commerce and Science College Rajura
E-Mail: warsha.dange@gmail.com

Abstract— The present paper deals with the determination of temperature distribution and thermal deflection in a finite length solid
circular cylinder occupying the space D :0 < r,0 < z < h, subjected to ramp type heating to the upper surface of solid circular cylinder at
z=h .The lower surface of solid circular cylinder is at zero temperature with stated boundary conditions . The governing heat conduction
equation can be solved by using integral transform and Laplace transform techniques. The results are obtained as series of Bessel’s functions.
Numerical calculations are carried out for finite length solid circular cylinder made of copper metal and illustrated graphically.
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1. INTRODUCTION :

Roy Choudhuri [10] has succeeded in determining the quasi-static thermal stresses in a circular plate subjected to transient temperature along
the circumference of circular upper face with lower face at zero temperature and the fixed circular edge thermally insulated. Wankhede [12]
has determined the quasi-static thermal stresses in circular plate subjected to arbitrary initial temperature on the upper face with lower face at
zero temperature. Dange et al. [4,5,] have studied deflection of isosceles vibrating triangular plate and thin equilateral triangular
plate .Khalsa ,etal. [7] have studied two-dimensional transient  problem fora thick  disc with internal heat sources . Ghadle etal.
[6] have studied an inverse quasi-static thermoelastic problem of a thick circular plate. Khobragade, et al. [8] have studied , an inverse
thermoelastic problem of finite length thick hollow cylinder with internal heat source . Warsha K. Dange [1,2 ,3] has determined thermal
stresses in a hollow  Cylinder, thermal stresses in a hollow cylinder with internal heat generation and also thermal stresses in annular disc
due to boundary conditions of radiation type.In all aforementioned investigations they have not considered any thermoelastic problem
subjected to ramp type heating. This paper concerned with the determination of temperature distribution and thermal deflection in a finite
length solid circular cylinder occupying the space D :0 < r < a,0 < z < h, subject to ramp type heating to the upper surface of solid circular
cylinder at z=h The lower surface of solid circular cylinder is at zero temperature with stated boundary conditions . The governing heat
conduction equation can be solved by using integral transform and Laplace transform techniques. The results are obtained as series of Bessel’s
functions. Numerical calculations are carried out for solid circular cylinder made of copper metal and illustrated graphically.

1. STATEMENT OF THE PROBLEM :

Consider finite length solid circular cylinder of height h . The cylinder is kept at zero temperature initially. The upper surface z=h
subjected to ramp type heating. The temperature at boundary of curved surface is zero. Under these more realistic prescribed conditions the
temperature distribution and deflection in solid circular cylinder are required to be determined.

The differential equation satisfy by deflection w(r, t) is

4 _ VM,
Vrw(r,t) = )
2 _ 02 19 9%
ve= or2 +rar2 -'_Bz2
Where D is the flexural rigidity and M, is the thermal moment of the finite length
solid circular cylinder defined as

)

M, = aE [ T(r 2 t)zdz )
And flexural rigidity given as
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Where E is the Young’s modulus, vjg Poisson’s ratio is and a, is linear coefficient of thermal
expansion of the material of the finite length solid circular cylinder

For built in edge thermal deflection o satisfies following condition

w=w,=0 At r=a 4)

The equation for T(r, z, t), the temperature, in cylindrical coordinates, is:
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K[T‘_l(T‘T,r ), + T,ZZ] =T, (5)
Where k is thermal diffusivity of the material of the finite length solid circular cylinder
Subject to the initial and boundary conditions

M, (T,1,00)=0Forall 0<r<a,0<z<h (6)
M,(T,1,00) =0, foral0<r<a,t>0 @)
T,
ﬂﬁZ(T,l,O,h))zf(r)t—lt, o<t<t,
T,
_f(r)—1 t>t, atz=hforall0<r<a,t>0 ®)
M, (T,1,0,a) =0, foraIIO<z<h t>0 9)

The most general expression for these conditions can be given by

W, (f k ke, s) = (kf +kf)pes
Where the prime (") denotes differentiation with respect to v.

SOLUTION OF THE PROBLEM:

3.1 Determination Temperature Function T(r, z, t):
By applying finite Hankel transform to the equations (5) ,(6) ,(7),(8) and using (9) to reduce differential equation in Hankel
transform domain and then applying Laplace transform and making use of respective inversion and Sneddon over the heat
conduction equation one obtains the expression for temperature distribution function as

— 2 v f(Vn)Tllo(VnT) sinh(ynz) 4T oo m(1—t1)F (¥n)T1 exp[—k 2 +Am*)(t=t1)lJo (¥nT) sin(Amz)
Tzt = 2 Uo’(rna)]? sinh(ynh) azp2 Snm=1 k cos(mm)[yn®+Am 12 o’ (yna))? (12)

3.2 Determination of Thermal moment M.as:
Substituting the value of T'(r, z, t) from equation (12) to equation (2) ,one obtains the thermal moment M, as

_2a,E N ]_C(Vn)Tdo(]_c(Vn)T) :
M, = 22 nzlynz Sinh(ynh)[l(',(yn N [hy,, cosh(y,h) — sinh(y,h)]

Ama E Z m(l_tl)f(yn)Tl expl = k(n® + Am )t = t)lo(ra7)
a’h? m” €05 (M) [n? + A" 12U (rn@)]?

[sin(A,h) — A hcos( A, h)]
mn=1

(13)

3.3 Determination of Thermal moment w
According to boundary conditions as mentioned in equation (4), thermal deflection ina finite length solid circular cylinder is
given by
o 1) = —2%E Z FOTi[20Y, Uo () = Jo (@] + 1® (% — )1 (a@)1[hy cOSh (¥ h) — sinh(yah)]
D(1 —-v)a? 2ay,® sinh(y,R) o' (rna)]?
47Tat Z m(l— t1)f(Vn)T1 [2ay, Vo (Vn7) — Jorn@)] + v, (r? — a?)]; (1,2)]
DA vyarh? m €os(MM) Yo [¥n? + A 12y (1 @)]2
exp[ — k(rn? + A )(t —t)] [Sln(lmh) — Amhcos(A,h)] (14)

IV. NUMERICAL RESULTS, DISCUSSION AND REMARKS:

Numerical calculations have been carried out for a copper solid circular cylinder with following properties.
Poisson ratio, v = 0.35

Thermal expansion coefficient , a, = 16.5 x 10° K™

Thermal diffusivity , k = 112.34x107%m?2s™!

Dimensions Used:

Radius of solid circular cylinder a
Height of solid circular cylinder h

Im
2m

Constants assumed for ramp type heating:

T, =1K

Internal radius r; = 0.5m
Fixed time t, = 25sec
Special Case:

f(r)=1for0<n <r

=0for r>n

In the Equations (12) one obtains the expression for temperature distribution function as

T(r,zt) = 52 Ty sinh(ya2)r)s (1t Mo (rar)

a?h? nm=1

sinh(y,R)un o' (ra)1?

o m(1—t1)r1 Ty Sin(Amz) expl—k(¥n? +Am ) (¢ —t)1J1 (¥n11)Jo (¥ar) (15)
k cos(mm)ynlyn®+Am>12Uo! (na)]2

The derived numerical results from equation (12) and (14 )have been illustrated graphically in figures 1 to 4 as follows.
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Figure 1 represents graph of temperature T(r,z,t) versus r . It is observed that temperature T develops tensile stress from r=0tor =
0.5 .Then temperature is zero fromr=0.5to r=1.
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Fig 1: Graphof T versusr

Figure 2 : represents graph of temperature T versus z . It is observed that T goes on increasing uniformly from z=0 to z=2
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Fig 2: Graph of T versus z

Figure 3: represents graph of temperature w versus r . It is observed that @ goes on decreasing from r=0to r = 1.5 and then from r=1.5 tor
=2 ,w goes on goes on increasing uniformly.
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Fig 3: Graph of w versus r
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Figure 4: represents graph of temperature w versus t . It is observed that w is zero from t = 0 sec to t = 28 sec. and then from t = 28
sec.tot=60 sec. goeson increasing
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Fig 4: Graph of w versus t

V. CONCLUSION:

In this study , one treated thermoelastic problem of the solid circular cylinder subjected to ramp type heating to the upper surface of
solid circular cylinder at z=h . Under given initial and boundary conditions temperature distribution, and thermal deflection have been
determined with the help of Hankel transform and Laplace transform techniques. The results are obtained as series of Bessel’s functions in
the form of infinite series. Moreover, assigning suitable values to the parameters and functions in the equations of temperature one may
conclude that the system of equations proposed in this study can be adapted to design of useful structures or machines in engineering
applications in the determination of thermoelastic behavior and illustrated graphically.
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