FLOW OF CONDUCTING BINGHAM PLASTICS BETWEEN TWO0 PARALLEL PLATES
WITH SUCTION AND INJECTION UNDER A TRANSVERSE MAGNETIC FIELD

‘R, K. Ratny

In tho present paper, we have investigated the flow of a condueting Bingham
Plastic fluid befween two parallel platez with conatant suetion and injee-
tion when one plate is moving with constant veloeity, under a fransverse
magnefic field. We find that suction and injection has no effect on the
thickness of a plug, but it shifts the plug tmval;ds the plate with suetion.

1. Introduction. Recently Turgut Sarexava has iuﬁestigated the flow of
a conducting Bingham Plastic fluid between two parallel plates under a trans-
verse magnetic field. Some of the expressions obtained by him are not cor-
rect. For example, the cxpression for P,, the shearing stress for the fluid re-
gion has also been taken for the plng region where it does not hold. In the
present paper the problem has heen extended to include suection and injection
and the motion of the houndary alse. The shearing stress approaches the
yield stress as the plug is approached and therefore the fluid coming from

helow becomes solid. The same quantity from the upper surface of the plug
becomes liquid. Thus in the steady case we can assume a constant transverse
velocity.

@

2. Basic equations and their integration. Let g, g, 0, g and P, be the
density, the viscosity, the electrical conductivity, the magnetic permenbility
and the yield stress of the fInid and V(U,, ©,, 0}, H{H,, H,, 0), E(0. 0, E,},
J(0, 0, j,), P,y and p he the velocity, the magnetic field, the eleectric field,
the current density, the shearing stress and the pressure at any point. It is

assumed that the flow is steady and does not depend upon x and z, In this
cage the pressure gradient aloug the x-axis comes out to be constant. The
simplified equations for this case are
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We now transform these equations to the non-dimensional form with the - -

relations
{4)
i, ==y U, g = tRilg,s H, =H,H, g=1Lyg, P,;y:,guﬁz,
o, . ga, L : v
Py =20 ui 7, R_T, Rmzéﬂﬂyeuﬂ[‘, M:‘MEHﬂL 7;.,.
L 9P
P =—gul 9% and E,—u. U, Hy E.

In the ahove R is the Rrvnorp’s numher, R, the magnetic Reynorp’s
number, M the Hartmann number, ¢ the non-dimensional shearing stress and
2 [, is the normal distance between the two plates. With these relations the
equations in non-dimensional form are: '
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Integrating equation (5), we get
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(8) T =—mu—
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Fliminating = and » between equations (6), (7) and (8) and solving we obtain, -
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where 4, B and C are constants and
. 2
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Substituting A from equation (9) in equation (6) we obtain
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3. Boundary Conditions. We take the plates to he non - condneting and
the lower plate to he moving with the constant veloeity z, &, and the plug
to he moving with the velocity o, UJ,. It is assumed that there is no external
magnetic field parallel to the plates. Thercfore the continuity of the mag-
netic field gives that the tangential component of the field must vanish at
both plates. Let the plug be extending from y=—y, to y—gyg, and the value
of H at the lower and upper surface of the plug be H, and H, respeectively.
Again in the npper region, » is decreasing with increase of y, that is, du/dy
is negative. Therefore to make ¥ numerieally greater than »,, we take the sign
of %, at y =y, to be negative. Then the sign of v, at the lower region is po-
sitive. Thus the boundary eonditions are

(12) ‘ : .
at y=—1, =l H=0; atyg=—yg, w=1U, Tt =1y, H=H,,
at  g—1, u=0, H=0; aty=y, w=U, tv=—1, H=H,.

4. Solution for the plug region. In the plng region the equations of mo-
tion are:

‘ : dv , M* dH
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(13) Pt pr. dp =%
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(14) UOJmH—Te;'d;—E
Solving these we get
M?

(15) ) f:—Py—"HH—E—GOHSt.,
(16) H=Denkyy 1 £,

where D is an arbitrary constant.

Using the boundary eonditions we get
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20) by = RRn Pt g) =25 py, B4 Uy
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5. Solution for the upper region. Using thd values of H, and &, from
(19) and (20) and the other boundary econditions, we obtain the expressions
for the variables, for upper region as
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6. Solution for the lower region. Similarly the solution for lower region is,
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Equatiag the values of E from (25) and (31) we got
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Again equating (23) and (29) we shall get an other equation., Thig equation
along with (38) shall determine the values of y, and y,. The total flux is
given by

(84)
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7. Limiting cases. 7a. Hydrodynamic case with suction and infection.
When M 0, we have « > mR, f§-> mRn{=0). Substituting these values
and taking the limits we have for the upper region

(85) _ uzg[_lﬂ_mlR{emR(yuyl)_EmR(l_yl,}],
‘ o . »

(36) Uu——n:[yl—'1mﬁ{1—emﬂ( y)]],

(87) — 5t 2 r1 — gmR (.'f—yl)]

For the lower region, we have
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7b. Limiting hgdromagnrelic case without suction' or infection. When
m-—>0, U,/=0 we have a—> M, f>—M, and y, =y, = y,. Substlituting these

values we get

PR Goshm (1—y,) — Cosh m (y———gu)

(41)

T om Sinh m (1—g,) + My, |
S |
. S T
(44) - 20— P MP y,

Sinh m (1—go) -+ mz, '

Instead of cquations .(41) to (44), Turgut Samerava['] has obtaiﬁed the-

lowing expressions :

PR Cosh m (1—pg,) — Cosh M (y—y,)

(45) 4 {Sinh M — Sinh Mgy) Cosh My, + g M

H

PR Josh M (1—g,) —1

(46) Uv=" o ~(Sinh a7 — Sinh My,) Cosh Mg, I gl

Sinh My, + Sinh m (y—y,)

(47) =P (S8inh m — Sinh my,) Cosh my, -+ my,

4

Sinh my,

(48) o= (Smh m — Sinh my,) Gosh myg, + mg,

The difference occurs from the error in computing the integral

1
1 !

f(E~ we U, My) dy.

It also appears that he has assnmed that the expression for ¢ in the ligquid

fol-

region also holds for the plug region'and thos derives the expression for
7, by substituting the condmon v=0 at y—O whieh in fact does not hotd

in the plag regmﬂ

7e. Hydromagnetic flow of Newtonian fluid with snction and injection.

If +—> 0, we have the Newtonian fluid. Sabstituting this we have

(49)

g1 = gs m{m®RRy—m®) (f— )} a? e—f¥1 (m—Ri) Sinh g
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(50)
v [5(m— ) oy smne —* () Gy S p 0]

{0 G — e 0 (o |
(51)
H o R * e st Gy oY)

o Uy Ry fGosh B —eB¥ Cosh x— e"é’}

T 9{a—p) | Sinh g Sinh «

(52)
E=—3 [ 5t Cothaw g Coth )5t 14 ;“_ilgtcoth a—Coth )]

7d. HarT™MARN's flow : _
When m—+0 and #—0 we¢ have the Harrvann flow. For this case we

have the solution :

U, Sinh M- 8inh My , P (Gosh i — Cosh My)

(53) z = Soh M Y r<nnar

54 1y — PRRx Sinh My — g Sinh M | U,'R,, Cosh My — Cosh M

(54) —Tm? Sinh a7 244 Sinh M ’
_US PR

(55) _ E=— =3 455 (1 — M Coth ).
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OZET .

Bu yazida iki paralel diizlem levha arasinda bulunan iletken hir Bincmas
plastik alngkansnin alkimy, sabit emme ve pitskiirtme, hareket dogrultusuna dik
bir manyetik alan ve levhalardan bir tanesinin hixt eabit bir hareket ilo kay-
dirilmas: halinde inoelenmisgtir. Emme ve puskui‘tmenin tika¢ kahnhif tze-
rinde bir tesiri olmadify, fakat tikag¢l, emmenin vuku buldugu levhaya

dogru kaydirdifr gosterilmigtir,




