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The hydrodynamics  of the f i lm flow of a magnet ic  liquid over  re f lux  su r f aces  in s ta t ic  magnet ic  
f ie lds  is  studied. 

When the ponderomot ive  in te rac t ion  of a magne t ic  liquid with the magne t ic  f ield is taken into account,  the 
N a v i e r - S t o k e s  equat ion is modif ied  in the following manner  [1-3]: 

dv 
P - -  = - -  VP ~ ~lV ~v + MV B + Pg" 

dt 

1. In the case  of the s low, s t e a d y - s t a t e ,  l a m i n a r  draining of a magnet ic  f i lm of constant  th ickness  along a 
ve r t i c a l  ref lux  su r face  in an inhomogeneous magne t ic  f ield with a ve r t i c a l  induction gradient ,  the equation for  
the sole nonvanishing ve loc i ty  component  becomes  [4] 

d~v dB 
~l dy ~ Pg + 214 dz O. 

Assuming  MAB = const ,  and a s suming  that  the veloci ty  at  the ref lux  su r face  and the tangential  s t r e s s e s  on the 

f r e e  su r face  van ish ,  we find 

v = - - M  pg y a - -  �9 
~1 dz 

Depending on the re la t ion  between the magne t ic  and gravi ta t ional  f o r c e s ,  the f i lm may  e i ther  fal l  or  r i s e .  In 
the ca se  M(dB/dz) =pg,  the f i lm cannot move.  In the sa tura t ion  s ta te ,  the cutoff value of the magnet ic  force  is 
governed sole ly  by the gradient  of the magne t i c  induction. Assuming  0 = 2 g / c m  3, g = 10 m / s e c  2, and 2r = 4 . 1 0  5 
A / m ,  in accordance  with [5], we find a value of 5- 10 -2 T /m for  the c r i t i ca l  gradient  of t3. 

2. We cons ider  the s t e a d y - s t a t e  mot ion of a magne t ic  f ield along a ref lux  sur face  in an a x i s y m m e t r i c  
magne t ic  field. The n o r m a l  to this  su r face  is co l l inear  with g. By analogy with [6], we can de te rmine  the 
r ad ia l  ve loc i ty  component  approx imate ly  f r o m  

d2v dB 
~ff-z~ " 4=M dr  = 0 '  

which is wr i t t en  under  the condition that  the z axis  of the cyl indr ical  coordinate  sy s t em coincides with the s y m -  
m e t r y  axis  of the magne t ic  field. In tegra t ing  this  equation,  we find 

v = - -  z ~ - -  �9 (1) 
~l dr 

In the case  dB/dr  > 0 (a quadrupole  magne t ic  lens [7]), the f i lm moves  away f r o m  the axis  toward the pe r iphery  
of the re f lux  sur face .  In the case  d B / d r  < 0 (a c u r r e n t - c a r r y i n g  conductor) ,  the f i lm flows away f r o m  the 
p e r i p h e r y  toward the axis.  F r o m  the in tegra l  continuity equation 

6 

2~r ~ vdr = Q = const 
0 
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we find the var iab le  fi lm thickness:  

6 = }~(p(r), (2) 

where  

~,=~/3~]Q2~ ' e?(r)= (rM drdB )~-L~3 

For  an infinite,  r ec t i l i nea r  conductor ca r ry ing  a cu r r en t  I we find 

~(r) = _ _ l ; /  4n2 r2/3 
~Po (,u - -  1) P 

for  weak magnet ic  f ields and 

q ~ ( r ) = _ ~ /  2~ r l /3 
poMI 

for  s t rong magnet ic  f ields.  In the field of a quadrupole magnet ic  lens ,  we have 

3 /  l t" -- 2/3 
( r ) = ~ /  ~ o ( ~ - - l )  b 2 

o r  

(r) = ~1//~ 
1 f--1/3 LM-  ? 

3. In the quasis teady approximation [8, 9], for  the case of ax i symmet r i c  motion of the magnetic f i lm, 
the fi lm thickness is found f rom the different ia l  continuity equation 

Oh + 1 OQ _ 0 .  (3) 
Ot 2ur Or 

The volume flow ra t e  of the liquid per  unit t ime is found f rom (1) to be 

2nrM dB 
Q =  - -  _ _  h 3 .  

311 dr 

We assume that the magnetic  fi lm moves  in the field of a quadrupole magnetic  lens under conditions such that 
the field can be assumed weak. Then we have 

Q = mr~M, (4) 

where  m= (27r/3~)/z#0(/z-1)b 2. Substituting (4) into (3), we find 

Oh , 3m rh 2 Oh m hS =0.  
O{ 2n Or ' ~ 

Following [8], we seek  a par t i cu la r  solution of this equation in the fo rm h = k ra f t .  It turns  out that 

h = lSa/2mt. 

Following an analogous p rocedure  for  s t rong magnetic  f ie lds ,  we find 

h = V2 t, 

w h e r e n =  (27r/3~)#0blVL Solutions (5) and (6) hold if r and t are  sufficiently large.  

(5) 

(6) 

Solution (6) d i f fers  by only 
a numer ica l  coeff icient  f rom the fami l ia r  J e f f r ey s  solution [8] for  the thickness  of a heavy f i lm draining along 
a ve r t i ca l  plate. The reason  for  this agreement  is that the magnetizat ion is constant in a s trong magnetic  
f ield,  and the liquid moves  under  the influence of a constant force.  
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N O T A T I O N  

gravitational field; 
density of liquid; 
dynamic viscosity; 
magnetization of liquid; 
magnetic induction; 
magnetic permeability of liquid~ 
permeability of free space; 
constant film thickness; 
radial coordinate of the cylindrical coordinate system; 
steady-state variable thickness of film; 
unsteady variable thickness of film; 
volume flow rate of liquid (per unit time); 
current; 
constant gradient of magnetic field in quadrupole lens. 

L I T E R A T U R E  C I T E D  

J. L. Neuringer and R. E. Rosensweig, Phys. Fluids, 7, 1927 (1964). 
V. G. Bashtovoi and B. M. Berkovskii, Magnitn. Gidrodinam., No. 3 (1973). 
M. I. Shliomis, Usp. Fiz. Nauk, 112, 427 (1974). 
V. G. Levich, Physicochemical Hydrodynamics, Prentice-HaU, Englewood Cliffs, New Jersey (1962). 
R. Kaiser and G. J. Miskolczy, J. Appl. Phys. ~ 1064 (1970). 
K. Geizli andA. Charwat, Heat and Mass Transfer [Russian translation], Vol. 10, Nauka i Tekhnika 
Minsk (1968), p. 401. 
L. A. Artsimovich, S. Yu. Luk'yanov, Motion of Charged Particles in Electric and Magnetic Fields 
[in Russian], Nauka, Moscow (1972). 
H. Jeffreys,  l>roc. Cambr. Phil. Soc., 26, 204 (1930). 
C. Gutfinger and Tallmadge, AIChE J.,  10, 774 (1964). 

1308 


