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nsteady temperature distribution for flow of an incompressible viscous fluid in a porous annulus has been investi-
gated under the assumption that the rate of injection of the fluid at the inner cylinder is equal to the rite of suction
of the fluid at the outer one. Viscous dissipation has been neglected while rate of heat géneration in the fluid
has been accounted for. An expression for the temperature distribution has been obtained using Laplace transform
technique and taking the temperatures of the boundaries to be functions of time.

Berman! has obtained an exatt solution of the problem of steady flow of a viscous ineompressible
fluid through a porous annulus, when the rate of injection of ‘the fluid at one boundary is equal
to the rate of suction of the fluid at the other: Bhatnagar & Tikekar® have discussed the tempera-

. ture distribution in a channel bounded by two coaxial circular pipes with time dependent boundary

temperatures, - while Gaur® has studied the unsteady temperature distribution for laminar flow in a
porous straight channel. ‘ .

Neglecting viscous dissipation, the energy equation in - cylindrical polar co-ordinates, (r, 6, 2), is

of o T 3T\ 39 L(®T 13T\, T |
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where % and v are the axial and radial velocities, A (== 7/a) is the dimensionless radial co-ordinate, 7' is
the temperature of the fluid, and ‘e’ and ‘0’ are the radius of the outer and inner cylinder respectively,
The rest of the quantities have their usual meanings.

Under the assumption that the rate of injection of the fluid at the inner cylinder is equal to the rate
of suction of the fluid at the outer one and these rates are uniform, T' does not depend on . The radial

~ velocity is given by

1) oVp

where o == b/a, v, and vp are the constant velocities of suction and injection at outer and inner cy-
linder respectively.

Equation (1), therefore, becomes

T v o7 _ 1 230 K'(azT 1 aT
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where .
K' = K/(p Oa) i
and the initial and boundary conditions, are
L4
T=0’Q=QZ: . t<0.'
T=1,0 , A=0,t>0
’ #)
T=1,00) , A=1t>0

where T () and T (t) are some functions of time.
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~ Adoptmg the usual Laplace transform technique and assuming that’ the temperature and rate of .
heat generation, remain bounded ast - o, we can easily show that the present pmblem admits the follow-

ing solution

5

T ()= ?%:[Q () — Qg] - APel2 o J' Sy(u) F (¢ —w) du + APel2 f 8, (u) G (t— u) du, E
e 0 : - 0 \ o
(5)

where . T ;'";_;'f ‘
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where I Pe/é and Kpe2 are the modified Bessel functions of order Pe/2;
. F (s) admits simple (pol_es‘at §= — K' af, where a; are the éeifos (éf )

JPe/2 (& a) Ypyztaca) — Jpe2 (aoa) Ypg2 (2 ).

Evaluatmg residues at these snmp]e poles, we oret

» o JPej2 (a ) Y2 (a A o) =JPef2 (a.Aau) Ype2 (0 o) ]
t) = K= [ ) I Ve
Fo= Z : sze/z (ac a,) —J%Pef2 (@ oz,)

j=1 ) c_‘ =
"X JPe/2 (aa,) J.Pe/2 (aaa,) exp (— -K’:d‘*’,fi) R ()

~
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The poles of G (s) are also the same ; hence proceeding in a similar manner, we obtain :

] ‘ .
6= Z K'n ajz[ JPe2 (62 %) Y2 (00 ;) —Tpyys (@ o og) ¥pep2 (q A a5)- ] <

o JS?Pe2 (@0 oy) —J2pej2 (0 7).
J_—— - . ‘ -

X JPej2 (aaj) Tpej2 (a0 05) exp (—K' a2 1) I M

Substituting these values of ¥ (¢) and & (s) from (6) and (7) in (5), we hiave :

1

Ty=; o [Qa) — @ } +

J2pe2 (8 0 o) —J2P |2 (4 o)

t APe/2 g~ P 12 z R 17‘0:3‘2[ JPej2 (@ %) YPep2 (0 X 95) —JPej2 (ad ;) Y2 (a o) ] «
=1 /
. i
X Jpj2 (a%) Jpgy2(aoay) f Sy (u) exp {—-—K’ o (t-—u)} du 4+ -
. g v

§
Y
\

= JPej2 (@A) Ypej2 (a0 o)) —Tpej2 (a/:r %) YPej2 (a A o) ]
APe2 S K o2 : J ) J
j=

X JPej2 (065) JPej2 (6 o @) ng (uexp {—-K’ % (¢ —u) }- du
0

.

where S, (¢) incorporates the boundary condition and the heat generation at the inner boundary and
8y (t) at the outer. Thus given these boundary conditions and the rate of heat generation in the fluid,
we can specify the solution completely. :

. The present investigation can be made use of for getting soms idea of the flow of oil through oil
filters in vehicles operated in desert areas. The oil filter used in a jeep or truck is a porous annulus and the
boundaries change temperature with time, as the vehicle moves. Flow of exhaust gases through - absorp-
ter type of silencers, usually used in motor cycles, is another phenomenon, where the temperature
changes at the boundaries take place with time. ' :
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