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BEHAVIOR OF FILM OF VISCOPLASTIC 

PRESENCE OF SLIP AT THE WALL 
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L I Q U I D  I N  T H E  

UDC 532.501.32:532.135 

The shaking loose of a v iscoplas t ic  f i lm of l imit ing th ickness  f r o m  a plane sur face  is  cons idered  
for  the case  when the re  is effect ive slip at the wall. 

A f i lm of v i scoplas t ic  liquid is c h a r a c t e r i z e d  by a l imit ing value of the th ickness ,  at which no flow is 
obse rved  under  the action of gravi ty .  This  l imiting th ickness  is  found f r o m  the balance of f r ic t ional  and 
grav i ta t iona l  f o r ce s  

h --~o/pg, 

where  T O is  the y ie ld  point; p is  the density;  and g is  the acce le ra t ion  of gravi ty .  

In a n u m b e r  of technological  p r o c e s s e s ,  i t  i s  n e c e s s a r y  to p revent  the fo rmat ion  of a liquid f i lm at a 
wall. The p r e s e n t  pape r  cons ide r s  a dynamic approach  to th is  p rob lem,  by v ibra t ion  of the wall. 

Suppose that  the wall  and the adhering f i lm a re  moving uniformly downward with veloci ty  U and, at the 
ini t ial  momen t  t = 0, stop instantaneously.  Close  to the wall,  the s t r e s s  exceeds  the yie ld  point T0, which 
leads  to the fo rmat ion  of a region of v i scoplas t ic  flow. In the second region,  where  th6 s t r e s s  is  l e ss  than 
~'0, the liquid m o v e s  in a quas isol id  manner .  In the immed ia t e  vicini ty of the wall,  the moving d i spe r se  sys tem,  
or  po lymer  solution, m a y  be s epa ra t ed  into a thin l aye r  of solvent,  with r e spec t  to which all the remaining 
m a s s  s l ips ,  as in a lubricant.  It is  poss ib le  to neglect  the th ickness  of the region at the walt  in compar i son  
with the f i lm th ickness  and to a s s u m e  that at the su r face  of the plate  the adhesion hypothesis  does not hold, i . e . ,  
t he r e  is  effect ive sl ip at the wall,  u(0, t) ~ 0. (The case  u(0, t) = 0 was cons idered  in [1]. ) 

r - r  - ' - -  !' - -  . . . . . .  

: ' 2  r ' 

v,s 0: - -  - 

Fig. 1. Veloci ty  of quas isol id  co re  of f i lm flow (a) and boundary 
of quas isol id  region (b) for  S = 0.25: 1) P = 0; 2) 0.05; 3)0.1. 
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Fig. 2. Veloci ty of quas isol id  core  of f i lm flow (a) and boundary of 
quas isol id  region (b) for  P = 0.05; 1) S = 10; 2) 2; 3) 0.25. 

Fo r  a Shvedov--Bingham medium 

the equation of mot ion takes  the f o r m  

du 
"~ = % - -  P~" dy 

Ou p.._~_p O"-u , 
0---/= p Oy,.W-g, O<~Y<<.Yo(t), 

Ou 
- - =  O, y o ( t ) ~ y . < h ,  
Oy 

where  Y0(t) is  the moving boundary of the v i scoplas t ic  and quasisol id  regions ,  the posit ion of which mus t  be 
de te rmined  in the c o u r s e  of the solution. 

In tegra t ing Eq, (2) g ives  

(i) 

(2) 

u= uo(t), yo(O~y<~h. 

The veloci ty  of mot ion of the quas isol id  region is  found f rom the equation 

duo % 
- -  = g - -  , (3) 
dt 9 (h - -  Y0) 

which i s  obtained f r o m  the balance of fo rces  acting on an e lement  of volume of the quasisol id  core.  

To de t e rmine  the boundary condit ions,  a s s u m e  that  the ra te  of effect ive sl ip at the sur face  of the plate  
is  of the f o r m  

1 1 1 

u(O, t-----) = Y + o u(O, t) kdy 

or  

kU 0 u(O, t) 
u(O, t) = Oy ., (4) 

U + k-~yu(O, t) 

where  k is  the s l ip coefhcient .  

In phys ica l  t e r m s ,  Eq. (4) co r r e sponds  to the r equ i r emen t  that the effective ra te  of slip at the wall  is  
finite at the ini t ial  m om en t  [when t - -  0 ,  (8/ay)u(0, t) -* ~,  u(0, t) --~ U] and zero  when (8/~y)u(0, t) = 0. 

The conditions of continuity of s t r e s s  and veloci ty  at the moving boundary- of the v iscos ta t ic  and quasi -  
solid regions  y = Y0(t) give 

U[yo(t), t] = Uo(t), ~ UIyo(t), t] = O, t > O ,  (5) 
oy 

and the ini t ial  condition g ives  

u(y ,  o)=U,  uo(O)=U, yo(O)=O, o < ~ y < ~ h .  (6) 
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Dependence  of t i m e  of p r o c e s s  [1 
and m a s s  of l iquid  shaken  loose  Q on S: 1) p = 
O; 2) 0.05; 3) 0.1. 

Eqs .  

In the  d i m e n s i o n l e s s  v a r i a b l e s  

Y ~ = - - ~ - ,  

(1)-(6) t ake  the  f o r m  

Yo u u o ~ -  ~vt 
oh' 

Ow O2w 
k S ,  

0-{ O~ ~ 

dw--~2 _ S~o 
dt 1--~o' 

~ [~( t ) ,  tl =Wo(5, ~ W[~o(O, tl = 0, a i  

o w (o,-b 

w(o, ? ) =  
1+ p w(o, 7) 

w (~, o) = l, wo (o) = 1, ~o(o) = o. 

(7) 

(s) 

(9) 

(10) 

H e r e  S = ~0h/gpU is  the  Saint Venant  p a r a m e t e r ;  P = k /h .  

B e c a u s e  of the m o b i l i t y  of the bounda ry  r eg ion  ~0(t), t h e r e  a r e  s e r i o u s  m a t h e m a t i c a l  d i f f icu l t ies  in ob- 
t a in ing  an a c c u r a t e  so lu t ion  of Eqs .  ('7)-(10). 

The  ve loc i t y  d i s t r i bu t ion  a p p r o x i m a t e s  to  the f o r m  

Wo(t), ~o (t) ~ ~ < I. 

The  c o e f f i c i e n t s  A, B, and C a r e  d e t e r m i n e d  f r o m  the bounda ry  condi t ion  (9): 

~o 1 - -wo  1 / #  ~ (1--Wo) ~ ~o(i+Wo) 
c 

4P 2 -- ~/ l~ ~ 4 ~ 4P ' 

A : C - ~ w  o, B : - - 2 C .  

To  f ind the r e l a t i o n  be tween  the r e q u i r e d  func t ions  ~0(~) and w0~), Eq. (7) i s  s a t i s f i e d  in the mean :  

t " Ow ~ 0 ~  

0 0 

( i i )  

(i2) 

(13) 
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Taking into account  Eqs.  (8), (11), and (12), Eq. (13) is  in tegra ted  to give 

where  

3 b d~ = SC,~o ,-- 3S}~ - -  6C~_6C 
~ ( i  --~)(c~ +c) 

I 1 w o -  I ~ ~/2P 
C I ~  - -  

I /  16P 2 ; 4 ~ 4P 

C~ 
c)C I I w o: I : ~ / 2 P  
a~ 4P 8P . / -  }2 .o (I - -  wo) * , (I '-4- wo) ~, 

V 16P 2 ~ 4 ' 4P 

(14) 

(15) 

F r o m  the s y s t e m  of two o rd ina ry  di f ferent ia l  equations (8) and (14) and the initial  condition (10), it i s  
poss ib le  to de te rmine  w0(t ) and ~0(t) and hence to obtain an approx imate  solution of the problem.  Numer ica l  
in tegra t ion of Eqs.  (8), (14), and (10) is  used. 

Some r e su l t s  of the calcula t ion a r e  shown in Figs.  1-3. In the ini t ial  mot ion of the f i lm, the v iscoplas t ie  
region is  broadened;  i t  r e aches  a m a x i m u m  extent ~max and then d e c r e a s e s  (Figs. lb  and 2b). The p r e sen ce  
of sl ip at the wall  r educes  ~max and i n c r e a s e s  the ra te  of mot ion of the quasisol id  region (Fig. la)  and the 

-- U 
t ime  of f i lm flow t i (Fig. 3). At the instant  [1 the v iscoplas t ic  region d i sappea r s  and motion of the f i lm 
ceases .  

F o r  smal l  values  of t ,  the basic  c h a r a c t e r i s t i c s  of the motion a re  
3 3 

~.=Vg+q(V;), ~ = : -  4V~ s : r _ Q ~  : ) .  
3 

The m a s s  of liquid shaken loose p e r  unit width of the f i lm is  given by 

O 0  0 

I t  follows f r o m  Fig. 3 that  the p r e s e n c e  of sl ip at the wall  i n c r e a s e s  Q and i n c r e a s e  in S leads to de-  
c r e a s e  in the m a s s  of liquid shaken loose. 
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