STEADY FLOW OF A CONDUCTING NON-NEWTONIAN FLUID IN AN ANNULUS
UNDER A RADIAL MAGNETIC FIELD AND WITH
SUCTION AND INJECTION
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In this paper the flow of a condueting non-Newionian fluid in an annulas
under a radlal magnetic field and constant pressure gradient s eonsidered.
The solution is obtained in pownrs of the cross.vidgecosity Revvoins cumber
which [¢ assumed to he small. The diseusgsion includes cases when the
walla are moving or stationary. The flow between paraliel plates has

been ohtained as a ]imiting case,

1. Introduction:

The fiow of a conducting fluid in an annulus has been discussed by GLOBE‘[]].
Later Cueckmerav I. B [*] and R, K, Jam [¥] have independently extended the
problem to include the case of constant suction and injection. In this paper the
flow of a non-Newtoniau conducting fluid through an annulus under a radial magne-
tic field with constant suction and injection and with a constant pressure gradient,
is considered. The polar coordinates (7, ¥, z) are used. As the problem concerns
only the steady and. axially symmetric flow, the variables are independent of time
f and of #. It ia also assumed that the flow does not depend on z and the main
flow is in the z-direction. The external radial magnetic field is assumed to be of
the form H,R/F. Again the displacement currents and free charge density are also

asaumed to be zero.

Let o, o, e, #, #t. denote the density, electrical conductivity, magnetic permea-
bility, viscosity and crossviscosity of the fluid respectively and H (H,R/F, 0, H.),
Vv, 0, v,), E(0, Eg, 0) and J{0, jg, 0) are the magnetic, velocity, current and
electric field vectors.

2, Basic equations and their solutions :

With the above assumptions the bagiec equalions reduce to
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We now reduce the above eguations with the help of the relations
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__ — 1 0
(4) _-ER‘UH, Ym = 4 o tte R oy ’ yc_,QRE,
2 — .E-a‘} . R op
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to non-dimensional form and integrate equation (1). We obtain

2 ? 1 h*
5 p=gw,’? [wu(—r—i—l——:;)—?—Mme?]+Const.
1 da 1 da P d (1 du My, dh
{6) r _—P+ ( r E) r dr(r dr)+ r dr’
(N r= —ri’mg—hwEr.

Multiplying equation (6) by r and on integration we find,

v,, du

(8) —Pr +¥r i +M2y'ﬂmh—|—c.

2a. Solution

We now assume #. to be small and therefore we can expand u, k, £ and &

in the terms of »; as
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Boundary conditions : We take «R and AR as the radii of the inner and
outer cylinders respectively. When the boundaries are fixed, we have the boundary

conditions as
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gy ==a, =-v+=140
19) at r=—a, a=0; h=0 i.e.

ho=h == =0,

Uy =E U T =
(11) at r=b, a=0, h=0 ie

Zero order golution: Taking only the zeroth order terma we get from equa-
tions (7) and (8)

(12) w =g Pribyr Sty by toy,
and
(13) uozhu—rvm%—Eor.

Eliminating z, between (12) and (13) and solving we obtain

P? EO (l —)r
25 7, (2—2) {f—2) +=5 ¥ (2—1) (f—1) +Co

(14) By == A, r®+ B, 1B+

Subatituting the value of h, in equation (13) we get
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(15) wo=A, (1 —av,}r® 4+ B, {(1—Fry) 8+ + +C,

where A; and B, are constants and
1 /1 1 1 1 1S
16 —_ = — 2 ———
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_A(a ANt e (LAY
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Uging these boundary conditions we oblain the values of {he constants as

P
2oy p{2—2) (A—2) 4

X{Myrp— (1 —2) (1 —fr, (BB —abB) — {1 —» — My r,) a(bB — aB)
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— B (L — ) aB (b — @)} (M7 v — (1 — 20} (1 — 1)} (B% — aﬂ)] ;
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_ ) =Ny i _ P —a)
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(1) Cp=— — [Au (a® b—a b%) + B, (abh—abB) 2 (2—a) (2—ﬂ)?”’m]
where
(22) A=T{{( =7 — M 5.) a (68 — aB) — frp (1 —v) B (b—a) }

K{Mry— (1=l —ar )} (3% —a®) — {1 —v — My )a(® —a%)
—ar,(1—1)a®(b—a {U%w, —(1— ) (1 — o) (68— aB) 1.

First order solution: We take the first order ierms also into aeconnt in
equations (7) and (8) and eliminating, we get

@y s (1oL L) Sy (g ot L e B0,
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Solving it we get

Ay el — V) . a

(24) ht:Alra+B1?‘ﬁ+Cl+2(06%5_2)‘!’Kr
L BBl MEE, 1, E(l—=v)r

2(8 —a—2)v v, b= ¥ (@D (351) 7 T v (e — 1) (—1)

where A,, B, and C, are constants.

Substitnting the valne- of A,:in equation (7). and faking first order terms
we get ) ' ' '

A(.) o {l—u '-"m) (1—a—2p,) Fo—7

(20)  w = Ay (L) P By (1 — P v Gy BRI
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T e=DG—1

Using the boundary conditions, we get the valunes of the constanis as
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(26) A, =
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Nth order solution: Taking »th order terms also into account in the equa-
tions (7) and {8) and climinating &, we get

d*h, 1 1 dhy 1 S
(30) 7'2 dr.z‘ (1—"7—-;;)r7r+(m—M2)hn
_GC 1 dvn_1+En(1—v)v_
YV, ¥, r  dr ¥ ¥,

Thus knowing the solution upto (x — 1) th order we can find out »th order
golution, This shows that we can find out the sclution upto any order we like.

2b. When the walls are in motion:

Let the inner and the outer cylinders be moving with velocities », I/, and
@y U, respectively. In this case the boundary conditions will be

ny=U, og,=n,=+--=90

{31) at r=n, a=U, h=0, i e [
ho=hy=h, = =0,
'uoﬁUe, g, =, = =0
{32) at rF—b, wu=U,, h—0, i e
\ ‘ ho==h = h, =00 =0.

Substituting these values we can find out the values of A4,, B,, C,, E,, 4,, B,, E,
and C, and subsiquently we can find out the solution.

2¢. Limiting case of flow throught parallel plates:

If we write

and

and let 2> 0 we get the limiting case of plates. To obtain this we shall have to
modify all the perameters and then to take the limit. The modification are:

. r
* ﬁ:ﬂ’js’ "":E”"a M:M’
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(33) ‘Vm:gtym’, "’c:gg"c’, ,-m]_—}--—k— and P:—t,‘

Now substituting these values and taking the limits we obtain
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o P’ A (1—a’vy ) (cogh M) a’(1-4"v,") (cosh i'—eb'D)
B4 ¢ =ras T L (@ —F) sinh @’ o — F)sinh §° 1>
; _ P B {cogh &"— %' 1) a’ (cosh /— eB’N)
(35) h = (M?‘P "m—l) (al_ﬁt) ainh o’ (I,—-ﬂ’) sinh ﬁr 7]]’
B Pl T & fi’sinh (z"— 87} :
(36) E—= (M2 v —1) L{a"-—f") sinh «” ginh #* —1] '

2¢, W hen the external field is zero

We get hydrodynamic flow as the limiting case if we take M > 0 and o, > o,
Taking the limit, we obtain

P r(p*—a) (=11
(43) o= 2 (1—2) [ (bH/¥ — giiv) +’2""“2] ’
Pih ——g° B2 (L) 2 LN gV
W == 4:(2a-ual)) [( :uv_a)u/(-: : )+“(l"v)ﬁ2_'(l'w)ﬁg] ’

3. Conclusion

‘We find that the cross-viscosity affects the flow field and the induce mag-
netic field in the case of the flow through an annulus, while it has no effect on
either, in the case of flow through parallel plates. In the later case the cross- vis-
cosity only affects the pressure.
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Yaricap istikametinde tesirial gdsteren bir manyetik alan ile sabit bir

tazyik gradieniinin tesiri altinda iletken gayri-newtoniyen bir akigkamin

bir halkadaki akigi gz dnilne alinmig. Quziim, kletitk oldugu kabul edilen,

kesit viskozitesi Revnoins sayisinin Kuvvetieri cinsinden bir a¢ilimla ifade

edilmigtir. Neticenin irdelemesinde davarlarin sabit veya hareket etmeleri

halleri incelenmigtir. Paralel levhalar arasindaki akig yukardaki netice-
lerin bir limit hali olarak elde edilmiglir,




