FILM FLOW OF MAGNETIC LIQUID IN THE
LAMINAR REGIME

L. P. Orlov and N. A, Chameeva UDC 537.84+ 532, 62

The hydrodynamics of the film flow of a magnetic liquid over reflux surfaces in static magnetic
fields is studied.

When the ponderomotive interaction of a magnetic liquid with the magnetic field is taken into account, the
Navier —Stokes equation is modified in the following manner {1-3}:
dv o,
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1. In the case of the slow, steady-state, laminar draining of a magnetic film of constant thickness along a
vertical reflux surface in an inhomogeneous magnetic field with a vertical induction gradient, the equation for
the sole nonvanishing velocity component becomes [4] 7
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Assuming MAB = const, and assuming that the velocity at the reflux surface and the tangential stresses on the
free surface vanish, we find

1 dB Y
(M- A
o= (e (e 2

Depending on the relation between the magnetic and gravitational forces, the film may either fall or rise. In
the case M(dB/dz)=pg, the film cannot move. In the saturation state, the cutoff value of the magnetic force is
governed solely by the gradient of the magnetic induction. Assuming p = 2 g/cm3, g = 10 m/sec?, and M = 4 - 10°
A/m, in accordance with [5], we find a value of 5-10~2 T/m for the critical gradient of B,

2. We consider the steady-state motion of a magnetic field along a reflux surface in an axisymmetric
magnetic field. The normal to this surface is collinear with g. " By analogy with [6], we can determine the

radial velocity component approximately from
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which is written under the condition that the z axis of the cylindrical coordinate system coincides with the sym-
metry axis of the magnetic field. Integrating this equation, we find
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In the case dB/dr > 0 (a quadrupole magnetic lens [7]), the film moves away from the axis toward the periphery
of the reflux surface. In the case dB/dr < 0 (a current-carrying conductor), the film flows away from the
periphery toward the axis. From the integral continuity equation

)
2nr 5' vdr = Q = const
b

A. V. Lykov Institute of Heat and Mass Transfer, Academy of Sciences of the Belorussian SSR, Minsk.
Translated from Inzhenerno-Fizieheskii Zhurnal, Vol. 3%, No. 5, pp. 847-849, November, 1976. Original
article submitted November 14, 1975.

This material is protected by copyright registered in the name of Plenum Publishing Corporation, 227 West 17th Street, New York, N.Y. 10011. No p.art
of this publication may be reproduced, stored in a retrieval sysiem, or transmitted, in any form or by any means, electronic, mechanical, photocopying,
microfilming, recording or otherwise, without written permission of the publisher. A copy of this article is available from the publisher for $7.50.

1306



we find the variable film thickness:
6 == }“(P (r)! (2)
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For an infinite, rectilinear conductor carrying a current I we find
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for weak magnetic fields and
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for strong magnetic fields. In the field of a quadrupole magnetic lens, we have
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3. In the quasisteady approximation [8, 9], for the case of axisymmetric motion of the magnetic film,
the film thickness is found from the differential continuity equation
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The volume flow rate of the liquid per unit time is found from (1) to be
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We assume that the magnetic film moves in the field of a quadrupole magnetic lens under conditions such that
the field can be assumed weak. Thenr we have

Q = mr*h®, 4)
where m = (2m/3n)upy(u—1)b%  Substituting (4) into (3), we find
oh . 3m on
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Following [8], we seek a particular solution of this equation in the form h = kro"cB . It turns out that

h =1V a/2mt. (5)
Following an analogous procedure for strong magnetic fields, we find
h =V 2ar/5nt, (6)

wheren=(21/3n)ugbM. Solutions (5) and (6) hold if r and t are sufficiently large. Solution (6) differs by only
a numerical coefficient from the familiar Jeffreys solution [8] for the thickness of a heavy film draining along
a vertical plate. The reason for this agreement is that the magnetization is constant in a strong magnetic
field, and the liquid moves under the influence of a constant force.
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NOTATION

is the gravitational field;

is the density of liquid;

is the dynamic viscosity;

is the magnetization of liquid;

is the magnetic induction;

is the magnetic permeability of liquid,

is the permeability of free space;

is the constant film thickness;

is the radial coordinate of the cylindrical coordinate system;
is the steady-state variable thickness of film;

is the unsteady variable thickness of film;

is the volume flow rate of liquid (per unit time);

is the current;

is the constant gradient of magnetic field in quadrupole lens.
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