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This paper is primerily concerned ‘with -the stability  of the non-Newtonian fluid between two porous cylin-
ders in the case of wide gap. The problem is discussed for p > 0, p =0 and g < 0. The results show that
the Taylor number depends on the gap size in the case of non.-Newtonian fluids and the presence of suction
stabilizes the flow whereas the injection destabilizes the ‘flow. It is found that the stability of the fluid de-
croases. when the gap inoreases. The non-Newtonian fluid is' less stable when compared to the Newtonian
fluid in the case of wide gap. Itisalso foundin the caseof wide gap (for non-Newtonian fluid and the
eylinders are counter rotating equally). the applieation of injection at the outer oylinder disturbs  the radial
velocity and no change when suction is applied. ' It is- also concluded that the presence of suction or in-
jection will not effect any appreciable change or disturbance in the vortex cell pattern at the onset of
instability. o ’ i .

The stability of the Newtonian fluid between two concentric cylinders has been "extensively stu-
died by many authors like Taylorl, Jeffreys?, Meksyn3 etc. in the case of narrow gap approximation.
Bhaskarao®, Iyenger®%7 respectively-studied the stability of the second order fluid and non-Newtonian
fluid with the narrow gap approximation. Recently Chan Man Fong® studied the stability of the visco-
elastic fluid in the case of wide gap approximation and found that the stability of visco elastic fluid
depends on the size of the gap ‘between the two cylinders. Also Westbrook?, in his research paper No.:
58 studied vhe stability of the convective flow in a porous. medium. Reddy'®l! studied the problem
of porous cylinders for narrow gap case. This problem is the extension of Reddy’s problem with
wide gap. The results are flexible for slightly wide gap and the fluid is more stable between the cylin-

= o,

. ders in the present case. In the case of wide gap parameter —- is zero, the results are coinciding
with Reddy’s results. : ° : .

The present paper mainly concerns the stability of the non-Newtonian fluid between two po-
rous cylinders (in the presence of suction o1. injection) when the gap is wide. The stability of
fluid is discussed for different values of y, i.e., when the cylinders are -co-rotating (p > 0), the outer
cylinder is at rest (u = 0), the cylinders are counter rotating (u < 0). In all cases the presence of suction
or injection disturbs the non-Newtorian fluid appreciably when the cylinders are counter rotating (for .
the wide gap approximation). Also it is noted that the application of suction does not disturb the radial
velocity. When the cylinders are counter rotating equally (» = —1-0) whereas the presence of injec-
tion disturbs the radial velocity. Also we can find little disturbance in radial velocity for the
application of suction or injection when the cylinders are co-rotating or the outer cylinder is at rest. Also -
it is found that the effect of suction or injection in wide gap case when the non-Newtonian fluid is
between the two cylinders is considerably less on the-vortex cells at the outset of instability.

"EQUATION OF MOTION

The equations of motion and -continuity in the cylindrical coordinates (7, 6, 2) with axial sym-
metry are (Navier-Stokes equation) - ‘
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and the stress tensor’ for an mnompressﬂ,le non-Newtoman fluids is given by
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where p is the pressure, p the densmy, u, v and w are the veloclty components.. in the direction of r,
6 and z respectwely ¢, and ¢3 are the coefficients of viscosity and cross viscosity.
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The Nayvier- Stokeq equat10n< (1)-(4) admlt the steady state solution of the form
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where A = -,—12—03— - the suction parameter u, the radial velocity of the fluid and .« the co-efficient of -

kinematic viscosiﬁy and Rv R, 2, a.nd 8, are the kradii and angular velocities of the inner and out er

/ ('ylmdelb and R, — R, = d. Also it is assumed R, = R, — i: R, + —-g— and d << (B, + Ry)/2.
The arbitrary constant A and B can be determmed by no-~hp condltlon and are given by
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By consndermg the symmetric perturbatlon of solution (7) by a_ penodlc dlsturbance in the dlrecmon
. parallel to the axis of rotatlon, the. equa,tlons g(wemmg the malglml sta.blhty are given by
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Here the wide gap- a.pprommatlon is considered and neglected the telms of Ig , and hlgher powers,
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Since we are conmdermg the terms upto r only, we. cannot find the dlﬁ'erence between D. and D,.

- Using this apprommatlon in the equations (11) and. (12) eanbe written as by using the transformatlon
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with the boundary conolitiona ‘. SR e ; o
: . ‘u-—Du_v——Oatgi% ERE (15)

The equatrons ( 13) - (15) determme the elgenvalue preblem for T as- a funetlon of the parameters -
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METHOD OF" SOLUTION
The eigenvalue problem given in equattons (13) and (14) with- the boundary -conditions (15) can
be, solved by using the Galerkin’s method which: hagbeen employed in several studies by Diprimat?
and Kurzeg!s. ' This method consists of expanding “the solution of the problem. in series of a complete
set of orthonormal functions eseh of which satisfy the. boundary conditions - imposed on the solutlon o
The tnal functlons satrsfymg the boundary conditions (15) are given by :
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Where @, a,, b and b are constants Apprymg the orthogonal\;eohd.i“aionl8
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~ where L. (u v) is the error matrlx obtamed on sub<t1tutmg (15) in (16) a.nd (17 ) We ‘get the secular equa-
tion as
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With respect to the gap size and irrespective
of the fluid the Taylor number does not differ
when the cylinders are co-rotating equally, when

" suetion or injection is made at the outer cylinder
(Fig. 1) |

8.64 - - -

For constaht values of d and g— @, S; the
(/]

variation of the critical Taylor number when the

suction or injection is made at the outer cylin-
der shows that the fluid is stable in the case of
suction (The result has been concluded. after
calculation of Taylor number for different values )
of suction and injection in the case of narrow
gap and wide gap). It is also noteworthy that
Taylor number depends on the gap size both for
Newtonian and non-Newtonian fluids, which satisfy
the results of Chan Man Fong8 in the absence of

suction or injection. ‘

Te x107

In the case of wide gap, we can find from

Fig. 1 and Fig. 2 that the presence of suction or
injection, effects more in the case of non-New-
“tonian fluids than in the case’ of Newtonian fluids.
The Fig. 3 is drawn from the critical wave number
a against p. In the Fig. 3, the curves for suction
: _ or injection in different cases of S are not shown

Fig. 1—The behaviour of cntlc&] Taylor number with ~because the change in wave number is Tittle
(negligibly small). The curves are highly. damped
even in wide gap is noted in the case of Newtonian

i
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fluids for suction and injection/’_(Fig;’ 2), théh differs for njon-Newtonjian ﬂuids‘ (Fig. 2 and 3). The
results obtained here from Fig. 2 and 3 are satisfying the results of Harris and Reid (the curve in
the Galerkin methodisused where Reid use some of the Chandrasekhar’s:results).

-
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bFig. 2—The behaviour of criﬁiqal Taylor number with g . Fig. 3—The behaviour of critical wave number with e

The disturbance in radial velocity is calculated for p>0, p=0 and p<0and found that the distur-
bance in the radial velocity is negligibly small when they are co-rotating or the outer cylinder is at
rest. The author has calculated for many values of p when p >0 and u<<0 but it is given here in
Table 1 only when w = —- 1:0. The results are coinciding with Reddy’s!®!! results in the absence of
wide gap case. : : ‘ B

The disturbance in the case of wide gap approximation for non-Newtonian fluid is more when com”
pared to the narrow gap approximation. ~When the cylinders are counter rotating equally (ie. p=
-__-1-0) the presence of injection disturbs the radial velocity whereas with suction there will not be any
change in the radial velocity (in the case of narrow gap approximation or wide gap approximation
and non-Newtonian fluid). But in the case of Newtonian fluid there is equal disturbance in the case
of wide gap approximation. This can be observed clearly from Table 1. The results are coinciding
with Bhaskar Rao’s? resultsinthe absence of wide gap and suction parameter. - =

For non-Newtonian fluids in the - case of wide gap approximation when the cylinders are co-ro-
tating, for application of suction or injection the variation in vortex cells s little (negligibly small i.e.
we cannot show the difference on the graph clearly). When the other cylinder is at rest (i.e. ju = 0) the
* effect of suction or injection have still less -disturbance on the vortex cell pattern. *
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THE RADIAL VELOCITY DISTRIBUTION POR V=10
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For non-Newtoman ﬁ'lHdS (8§=0-01) the presence of suctmn (Fig. 4) does not- disturb the vortex
cells much (i.e. disturbance ‘s negligible) for all values of in the case of wide gap but in the case
of injection we can find slight disturbance (Fig. 5). Also when the non-Newtonian fluid is. between the
porous walls the effect of suction or injection makes little disturbance either in the case of narrow
gap approximation or in the case of wide gap approximation. Fig. 4 and Fig. b respectively show the
case of wide gap approximation in the presence of suction, injection at the outer cyhnder respectively.
We do not find much disturbance either on Newtonian. or on non-Newtonian fluids in the presence of
suction or injection. Here in these figures (4 and 5) it s not shown because the disturbance is very less.

: . C d/R=0.08 =~ =— $=0
4/Re=0.08 — $=0 : : /5' -e='8z0.01
: e $=0.00

* -0'4 - -02 00 . 02 " oa SRy Y ~0.2 0.0 T 0.2 P

Fig. 4——- The Vortex cells at the onset of 1nstab111ty p=—1. 0 Fig. 5———The Vortex cells at the onset of 1nsta.b111ty p=—1.0
and A =1 ) . -and X = — 1.5.

Here it can be concluded that when the non- Newtoman fluid is placed between two cylinders is

at rest the application of suction or injection ‘disturbs the vortex cells httle (both in narrow gap ap-

proximation and Wlde gap approximation).

CONCLUSION

(¢3) The non-Newtonian fluid is more unstable in the wide gap case when comipared to the narrow
gap case. (i) The fluid is more unstable in the wide gap approximation in the presence of injection,
but suction stabilizes the flow. (i4¢) When the cylinders are co—rotatmg equally (u==1-0) the Taylor number
will n6t be changed for any fluid when suction or injection is applied at .he outer cylinder.. (i) Irres-
pective of the gap size when the non-Newtonian fluid is kept between the two counter rotating cylinders
equally (u == —1-0) the presence of suction will not disturb the radial velocity. (v) In the case of non-
Newtonian fluid between the two co-rotating or counter rotating cylinders (when the wide gap is considered)
the presence of suc’rlon or injection makes httle disturbance on the vortex cells at the onset of instability.
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