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The stability of a viscous fluid film retained by surface tension 
forces on the surface of an infinite rotating cylinder is examined.  It 
is shown that the cylindrical configuration of the fluid f i lm is unstable 
even for arbitrarily slow rotations as compared to the long wave cyclic 
axisymmetric  disturbances. 

In the undisturbed motion of the film, only the azimuthal  velocity 
component is other than zero (stable rotation), 

v~ = t?r, P = - -2 - -  - -  2 + ~ " 

Here, f~ is the angular velocity of the cylinder (directed along the 
z-axis of  the cylinder), P is the pressure, R is the radius of the solid 
cylinder, h is the film thickness, and a is the surface tension coeffi- 
cient. 

Let the disturbances of both the free surface of the film hi(z,  t) and 
of the flow be axisymmetrical ,  

v r --- u (r) e ikz+~t, V~ § v (r) e iI'z+zt , 

v z ~ w (r) e il~z+r p ~ p (r) e ikz+ot , 

R § h § h / ( z ,  t) ~ l r l  § h § hse i;'z+~t, 

o ( . . . ) / 0 ~ _ - - 0 ,  s ~ i .  (2) 

We examine the Navier-Stokes and continuity equations linearized 
with respect to the disturbance: 

z u - - 2 ~ v = - - ~ ' ~ r  + v  Ldr2 - - k ~ u  §  

[~ ~ d~ ~ ] 
~v + 2 ~ u = V  [dr~ - - k ~ v + y - d ~ - - ' ~ _  ' (3) 

i k  [d~w I d w ]  

+ ~-- law = o 
dr r -4- " (4) 

We have the following boundary conditions: 
for r = P,, 

u =  v =  W = O ;  (5) 

at the free surface, 

( _ ~  t ) d O (hi) 
~ i ~ n ~ = - - a  " 4 - ~  n i ,  V r - - - - ~ ( h l ) - -  Ot 

(6) 

The stress tensor Oik and the unit vector n i are taken in a cylindrical 
system of coordinates [1]. 

Here, nr  = 0 by virtue of the axial symmetry of the disturbance, 
while n z = hd f /dz  is on the order of the level of disturbance. The ex-  
pression for the principal radii of curvature is also linearized with re-  
spect to the disturbance, 

R ] = R - - } - h §  t), I f  2 = - - n ~ z  ~ . (7) 

Considering this, we get the boundary conditions at the free sur- 
face in the form 

p , du a { t,e - - h k ~ e )  
- - ~ ' ( R + h )  h e - -  7 + 2 v  c-Sr = P \ ( B + h )  ~ . 

dv v :lw 
ctr r --- O, " -~  + iku = O, u = ~he . (8) 

In the case of a th in f i lm,  we set h / R  << 1, and introduce a new 
variable, 

r =  R + h x .  (9) 
Then, 

dr n az ' -7 = -h- + o . (io) 

Treating h/R as a small  parameter,  we expand (3)-(8) in series 
in this parameter. After el iminating the pressure p and w(r), in zero 
approximation we have 

dx 2 - -  \ v § k'h~ [dx~ u = v 
k2h ~ 

d[~ C hv2 ) ]  2Q-h 2 - -  + k V z  -~ v = ~ u ,  

du 
u = v = ~ = O  for z = O ,  

d 2 6h 2 

du k~h 8 [ :Z \ 
- 2 k~hS-~-; + - - ~ - / ~ R - - - 7  k~) ~ = 0 ,  

d2u dv 
-~x2 § k~h2u ~ O, d"-'x =" O . 

y 

(ii) 

Let us examine longwave disturbances. By setting 

Gh ~ p.hS 

expanding the sointion in series in the small  parameters kh, f~h2/u, 
ohZ/u, and l imiting the analysis to the principal terms of the expan- 
sion, we get from (11) the following expression: 

u ( x ) = A o - 4 - A l x - [ - A $ x ~ §  3 - ~ 0  \ .r , k2h~, _ _  . (12) 

By substituting u(x) into boundary conditions (11), we get for o the 
secular equation 

det Ila,~ tl = 0 (i] - t ,  2 ) ,  

a21 = 2 •  0 \{~22h4v2 , k~h 2 ) , 

/ fYh4  k2h 2) , 
6v \ R 

[~eh4 k2h ~) a , . , 2 = 6 + 0 ~ - ~ - ,  (13) 

Hence, 

- -  3 ~  ~ R  + 0 \ ~  , (14) 

Thus, a cylindrical fi lm is unstable with respect to disturbances 
with wave numbers 
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