APPLICATION OF GENERALIZED FUN CTION IN THE PRODUCTION
- OF HEAT IN A CYLINDER .

Y. N. PRA_SAD & A. SIDDIQUI'- .
Banaras’mn-iu U:iiversity, Va,ra,ﬁaéi
(Recez'f;ed 3 July 1974)

The present paper deals with the apphca,tmn of H-function of two vanables in solving the fundamental
differential equation of diffusion of heat ina cyhnder

We have employed H-function of two variables deﬁned by Mlttal and Gupta! to solve the fundamental '
differential equation of the diffusion of heat in a ¢ylinder of radius ¢ when there are sources of heat within
it which lead to an axa,llly symmetrical temperature distribution. ~The fundamental differential equation

given by Sreddon?is.
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We assume that the rate of generation of heat is 1ndependent of temperature and' the cylinder is
infinitely long so that the variation of Z may be neglected. We shall, in addition, suppose that the surface
% =y is maintained at zero temperature and initial dlstrlbutlon temperature is: also zero. We further
suppose that . :

Sed=bi@en @

where % is the diffusivity and K the conductivity of the material. ‘Tt will besobierved that the single
function f(z) can represent both sources and sinks embedded in the system. ‘Whenever the prod\%;t f(@)

g(¢) gives a negatlve value, it should be treated as sink. 'We shall ¢haracterise the heat sources by the
behavmur of the function g(t) .
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_ The following formula due to Ram? is required in this p@per,
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The proof c‘z):f the formula (3) follows from the serié; expénéfoﬁ of E
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glven by Mukher]ee and: Prasad[! and the deﬁmtmn of H funcmon of two vanables 1nto contour integral
. form. »
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Particular Case :

(¢) Putting p; =¢; =0, we get
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provided that the conditions given ab’o‘ve‘/ with py == 41== ;O:a“re’ satisfied.

(5) Putting m = 9 = p = O 9-—1 by =b,=0, ﬁo=1 ,01=0, a=w?/4, o =2
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where h, by, k ky >0,R (p+ ha +kﬁ' > 0, R (y.—}—klo: + kl B") > 0, and conditions from (4) to
(15) are satisfied. -

Finite Hankel Tmn.gfomt _
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where conditions given in (17) are satisfied. -

By virtue of the inversion theorem?
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where the sum is taken over all posxtive roots of (20) “The result (22) will be pmved useful in the
verification of the solutions.

4

SOLUTION OF THE PBOBLEM .
We apply finite Hankel transform (21) to obtain the solution of (1).- Its solution obtained as in Sneddon$,

when \ k ) t
8(nt)= 5 /(s)g(t)

where f(x) is a function of walone and g(f) is a function of ¢ alone, is
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provided that the conditons givenin (17 ) are satisfied.

‘ . VERIFICATION OF THE SOLUTION
From (23), we have
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From (2) and (22), [__we get

From (23), we have .
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Substituting the above values in ( 1), the equation is staisfied. The boundary condition ¢ (y, t) = 0

is, satisfied because J,, (y w;) which is present in every term of ¢ (y, ¢) is zero.

The initial condition

is satisfied because ¢ (w., 0) = 0. We see that (23) converges uniformly when ¢ > 0and so the function
¢ (=, ¢) represented by it is continuous when 6« # < y. The term by term dlﬂ'erentlatlona are justified
because (25) and (27) are umformly convergent when ¢ >0and0 £ « < 9. '

HEAT SOURCE

Heat source of geneml character : Let the function g (T) be
g(I) = |

< H

112

-

-

(0 'ﬂl) ~
2, ¢

‘ ( Mgy %'2-\) € o'}
Ve ¢s

(yoir)  Gm e

)#t :
- {(a' P @'t '15'1)}
{7 Bdv BV}

(@ 87) I ¢~

)}

{(f '4’8’

[

T)"'n, c Tk'\(t_?' T)h’l

@8)



et
i -

Prasap & Stopiqut : Application of Generalized Function in Heat Production -
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provlded that h, hyk, b, > 0, R(p’ + Wa’ 4 K'B") > 0, B(W + Mia +kp") >0 where " ﬁ are
given by equations (8). and (9) with d, 8, fs F» m, and my  replaced by &, &, f', F', w'y and mi'; and
equatlons (10) to (15) with. a'l letters, replaced by their dashes are satisfied where H{b' ™ (t—T)’"

o T (t—T)¥y} ssands for H- funcmon of two variables invelved in (28) From (23) and (29), the
solutlon is
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prowded that the condltlons gwen in (23) and (29) are satlsﬁed Obvmusly $ (a: 0) = 0.

Pamcula/r C'ases : : : :

- (i) Putting p; = pl_qu—q = ¢y = O—k—k1 h—-k'l, my = 1= m's, ng = n'y
=p=p,=2=¢ =¢ 8 =081=8,=0849=1, ‘}’1—‘)’1=1~—')’2—72:m3—1 fg = P3 = U,
$3=0+ 1L Ey= Ey= ... =Ep;=1 ~F1/=If‘2—- = Fy, fi = 0, and replacing ep, and f,
by 1 — ep and 1 — fo, in (30) we obtam the result- recently obtamed by Singh3. equation (18).

(ed) Puttmggo1 ?1——9'1——91—-0 h= kl_-h—-k'l,mz— 1=m, n2=n2=p2=p2=2
“Q2—9'2;31— 1= 19 32—1-‘71=7’1—‘)’2—72,E1—E2 coo=Hpg=1=F = Fy=

=F ’fl"'o My=Py =1t fg=0-+1 my=1=g¢,; ng = = Py =0, =0, F;=1, re- -
placmgeps and fo by 1— ey and 1— fga and takmgc tendmg to_zero, ‘we obtain’ the result by Smgh3

equatlon (21)
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