FLOW OF CONDUCTING BINGHAM PLASTICS THROUGH AN ANNULUS WITH 7
SUCTION AND INJECTION UNDER A RADIAL MAGNETIC FIELD

R, K., Ratay

The present paper deals wifh the flow of conduecting Bingham Plasties

between two non-conducting co-axial ecylinders with suction and injection

under a radial magnetic field, The exact solution has been obtained and
then several particular cases have been deduced,

1. Introduction. The study of the motion of non-Newtonian fluids in the
absence as well as presence of a magnetic field has applications in many areas.
A few examples are the flow of nuclear fuel, slurries, flow of liquid metals
and alloys, flow of mercury amalgams, handling of biological fluids, flow of
blood - a ‘Bingham fluid ete Recently Tureur SArexava ['] has stadied the
flow of a conducting. Bingham Plastic fluid between two parallel plates. The
author [?] has extended, the problem to inelude suction and injection also. In
the present paper the flow through an annulus with suetion and injection has
been investigated. It is assumed that the fluid coming from the inner cylin-
der, moves radially, The shearing stress on the fluid approaching the plug
region, approaches the yield stress. This fluid then becomes a part of the
plug region. Some amount of the fluid joins the stream of the outer region
and this is cjected from the plug. In the steady state we can assume that
there is a flow of the fluid with velocity o,L{r. The external magnetic field
is assumed to he HyLfr. The displacement currents and free charge density
are neglected. '

2. Basic equations and their integration. Let ¢, o6, #., ¢ and P, be the
density, the electriecal conductivity, the magnetic permeability, the viscosity
and the yield stress respsctively. We use cylindrical coordinates (r, 4, z).
Again let V (v, 0, o), H(H,, 0, H,), E (0, Ep, 0), J(0, Js, 0), p and P, be the
velocity, the magnetic field, the electric field, the current density, the pres-
sure and the shearing stress respectively. It is also assumed that the flow is
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axially symmetric and does not depend upen z. In this ease the pressure gra-
dient along the x-axis comes out to be a constant, With the above assumption

the simplified equations are:
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We now, transform thege equationsg to non-dimengional form with the rela-

tions,
: - L 3
v, = uyl, Wy == mtg, F=>Lr, . H,=HH, P:—ma—fs
POZQH%"G’ Prz:QH%T) ) R:g%;és Rm:tl”‘)#euul‘,
(5) M = poH, L \/% and E= peHyoFs

where R is the REYNOLD'S number, R, the magnetic ReyNorn’s number, M the
HarTyanNN number, 7, the non-dimension yield stress, and 2L is the characte-
ristic length. With the above rclations the equations (2) to (4) become
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‘here ¢, is an arbitrary constant. Eliminating = and « from equations (7}, (8)

and (9) we get
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PR R,

, d?H dH '
(10) r* S 54 (L—mR — m Ru) r 22+ (mR Ry — M*) H= "5

rite 2R Ry ¥,

Solving this equation we have

PRR. . %R Ry
- TeneEn TO

(11) H=Ar*-+Bré+ 5

where A, B and ¢ are are arbitrary constants to be determined from boun-
dary conditions and

(12) a,ﬁ:%(RJrRm)i\/er%’(R—Rm)?.

Substituting the value of H in equation (7), we obtain

PR{mRn—2) ,

: WwWR R, - i
‘ +mC—EiW—(m-R—h)r.

Again substituting the value of z in equation (8) we get,

_ A © | e BB B 5 (miR Rp—mR— M)
(14) t—?(m—k—m)r —[——-R)—(m ‘Rm)}ﬁ + (a—1} (f—1)
: fP(m'Rm —2)
T2 )"

3. Boundary conditions. The continuity of the tangential component of
the eleetric and the magnetic field across a non-conducting houndary gives

that £ and H must vanish at the outer cylinder as it is assumed that there -

is no tangential componeni of the electric and the magnetic field outside the
outer cylinder.

We also assume that cylinders are of radii «Z and 5L and are at rest.
The plug region extends from Lr, to Lr, and is moving with velocity u,l/,.
As u is deereasing with r in the outer fluid region, du/dy is negative. The-
refore we take the gign of z, to he negative for this region., Similarly the
sign of z, for the inner region will be positive. Thus the boundary conditions
are:

du

at r —=a, u=0; at r=r,, v=—u,, H=H, =7, ie.—5-=0,

(15) at r=b, u—0, H=0; al r=r, w=u, H—H, t=1, ie G —0.
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5. Plug region. The equations governing the flow in the plug region are,

2
16) o—py Ldrs, M 1dH

r dr ' RR, v dr
_ r dH
(17) . Uy=mH— R, dr

Solving these equations and using the bhoundary conditions, we obtain
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5. Solution for the inner region. Substituting the boundary econdition in
equations (11), (18) and (14) and using (20) and (21) we can find out the values
of all the constants and thus obtain the expression for variables in the inner

(22)
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wheore

(27 A, = frp (r,® — a%) — ar,® (r,B — aB).

6. Solution for the outer fluid region. Slmllarly we have for the outer
region,

(28)
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(29)
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where

(38} Ay =FrB (r" — %) —ar,“ (r,p —bB).

7. Expressions for 7, and total flux. Using the houndary condition #/5)—0,
in equation (31) we obtain the value of %, as
(34)
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The total flux is given by
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Equating the values of U, from equations (26) and (82) we get an equa-
tion in ¢,, ¢, and %,. Again eliminating P and #J, from equations (20), (21), (25)
and (31} we get an other equation in ¢,, @, and z,, These two equatmns will
determine the value of ¢, and g¢,.

8. Solution for the flow between two cylinders without suction or injec-
tion under a radial hlagnetic' field. If m—0, we have a- M and’ g — M.
Substituting these values in the equations (18) to (39) and simplifying we
have for the inner region,

(36)
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Similarly we have for the outer region,
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tions e ' ‘
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These two egquations will determine the value of », and r,.
The total flux is given by
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- 9. Hydrodynamic flow of Bingham plastics between two cylinders with.
suction and injection. When M -0, we have the purely hydrodynamic flow.
For this case « > mR (=) and g > mR, (=0). Substituting these values in
the obtained solution and simplifying we get for the inner region

OUTER REGICON INNER REGION

A UYL PSSR A

PLUG REGION

Py L T Py . g N
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For the outer region we get
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The total flux is given by
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10. Flow of a newtonian fluid between two eylinders with suction and
injection under a radial magnetic field. If ¢,-»0 we have r,=r, Substitu-
ting this in the solution and eliminating », we ohtain

(B8)
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JZET

Emme ve pliskliritilmeye tébi tutulan, ifetken bir Bincmam pldstik ecisminin
fletlten olmayan ayni elsenii iki silindrik ytzey arasindalsi alimi tetllc
ediimeltedir : yarigap dofruliusunda hir magnetik alan, ecisim {izerinde
etld yapmalktadir. Tam ¢&ztim elde edilmig ve birkag &zel hal incelenmigtir.




