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The Reiner  effect  [1, 2] cons i s t s  in the appea rance  of an excess  p r e s s u r e  in the gap between two pa ra l l e l  
coaxial  d isks ,  one of which is ro ta t ing  while the other  is fixed, under the condition that  the gap is suff iciently 
sma l l  and that  the r a t e  of ro ta t ion  is suff icient ly grea t .  This  phenomenon is of spec ia l  in teres t ,  s ince  its s tudy 
p e r m i t s  an exper imen ta l  invest igat ion of quest ions of anomalous  ( f rom the point of view of c l a s s i ca l  hydro-  
dynamics)  flows of l iquids,  having a typica l ly  Newtonian v iscos i ty .  This  effect  is connected with the behavior  
of liquid lubr ica t ing f i lms  in face  sea l s  (so-cal led  " ins ide  pumping").  

Up to the p re sen t  t ime ,  the effect  has r ema ined  l i t t le  studied, in view of the complexi ty  of making the r e -  
quired m e a s u r e m e n t s  c o r r e c t l y  and the lack of t radi t ional  engineer ing methods of investigation; thus, for  ex-  
ample ,  m e a s u r e m e n t  of p r e s s u r e s  using Pitot  tubes o r  bui l t - in  piezo pickups c l ea r l y  b reaks  down the m i c r o -  
g e o m e t r y  of sma l l  gaps.  The inves t iga tors  [2-5] a r r i v e d  at comple te ly  different  points of view with r e sp ec t  to 
the na tu re  of the effect  o r  acknowledged the imposs ib i l i ty  of drawing definite conclusions f r o m  the r e s u l t s  ob-  
tained [6]. 

The cons tancy  of the value of the gap during the cou r se  of the exper iment  made it poss ib le  to ob se rv e  a 
r e p l a c e m e n t  of t he  cen t r i fuga l  effect  by a cen t r ipe ta l  effect ,  i .e. ,  a change in the behavior  of the liquid in the 
gap with a r i s e  in the p r e s s u r e  gradient ,  while, at the s a m e  t ime,  as for  o ther  inves t iga tors ,  a c o m p r e s s i v e  
fo r ce  was applied to the d isks ,  and the value of the gap was m e a s u r e d  as  a function of the r a t e  of rotat ion.  In 
the p resen t  work,  the use  of an in te r fe rence  method r educes  to m e a s u r e m e n t  of  the shift  of  in t e r fe rence  bands,  
r e co rded  on a photographic f i lm with the imposit ion of bundles of highly coherent  light, r e f lec ted  f r o m  a s e m i -  
t r a n s p a r e n t  su r f ace  and the m i r r o r - t y p e  lower su r f ace  of the t r anspa ren t  fixed disk, made up of two l aye r s  
(glass and a hardened epexide r e s in  on the side of the gap), which a r e  in opt ical  contact at their  in terface .  With 
a change in the p r e s s u r e  in the gap, the in te r fe rence  bands a r e  shifted, s ince,  under these  conditions, there  is a 
change in the r e f r a c t i v e  index of the epoxide re s in .  

The s t r u c t u r e  of the fixed disk is shown in Fig. 1, where  1 and 2 a r e  in te r fe r ing  bundles of light; 3 is a 
g lass ,  prevent ing  sagging of the l ayer  of  r e s in ;  4 is a s e m i t r a n s p a r e n t  coating; 5 is a l ayer  of epoxide r e s in ,  
opt ica l ly  sens i t ive  to the p r e s s u r e ;  and 6 is a s e c t o r - s h a p e d  m i r r o r  r e s in  coating. 
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A s  a r e s u l t  of  t h e  n o n p a r a l l e l  c h a r a c t e r  o f  t h e  s u r f a c e s  of  t h e  d i s k ,  t h e  i n t e r f e r e n c e  p i c t u r e  o b t a i n e d  

f r o m  t h e m  h a s  t he  f o r m  of p a r a l l e l  b a n d s  o f  e q u a l  t h i c k n e s s .  T h e  t r a n s p a r e n c y  of  t h e  d i s k  is  a l s o  u s e d  f o r  
o p t i c a l  a d j u s t m e n t  of  t h e  v a l u e  of  t h e  g a p  f r o m  N e w t o n  r i n g s .  

T h e  o v e r a l l  s c h e m e  of  t h e  e x p e r i m e n t a l  uni t  is  s h o w n  in F i g .  2,  w h e r e  1 is  an  o p t i c a l  b e n c h ;  2 is  an 

e l e c t r i c  m o t o r ;  3 is  t h e  f i x e d  d i s k ;  4 i s  t h e  r o t a t i n g  d i s k  (base};  5 is  a s o u r c e  o f  c o h e r e n t  l i gh t ;  6 a r e  l e n s e s ,  

f o r m i n g  a b u n d l e  o f  l i g h t ;  7 is  a s e m i t r a n s p a r e n t  l e n s  a t  an  a n g l e  o f  45 ~ to  t h e  b u n d l e  of  l i g h t ;  and 8 is  a 
c a m e r a .  

T h e  t o t a l  s a g  o f  t h e  m e c h a n i c a l  c o n s t r u c t i o n  o f  t h e  e x p e r i m e n t a l  un i t  d id  n o t  e x c e e d  1 p .  T h e  r a d i u s  o f  
t h e  r o t a t i n g  d i s k  R = 2 . 7  m m .  T h e  c l a s s  of  c l e n n n e s s  o f  t h e  s u r f a c e s  o f  t h e  d i s k s  w a s  13-14 .  T h e  p h o t o g r a p h y  

w a s  d o n e  on f i l m  w i t h  90 G O S T  ( A l l - U n i o n  Sta te  S t a n d a r d ) u n i t s ,  w i t h  an  e x p o s u r e  o f  0 . 0 0 2 - 0 . 0 0 5  s e c .  T h e  s h i f t  
o f  t h e  i n t e r f e r e n c e  b a n d s  w i t h  r e s p e c t  to t h e  i n i t i a l  b a n d  (beyond t h e  l i m i t s  of  t h e  gap) w a s  m e a s u r e d  in a U I M -  

21 m e a s u r i n g  m i c r o s c o p e .  T h e  s e n s i t i v i t y  o f  t h e  l a y e r  o f ' r e s i n  w i t h  r e s p e c t  to  t h e  l o a d  w a s  c a l i b r a t e d  f r o m  t h e  
known  d i s t r i b u t i o n  o f  t h e  p r e s s u r e .  
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Table 1 (gap in center  4 p; at edge, 10 p) and Table 2 (gap in center  30 p; at edge, 35 /~) give the r e su l t s  
of exper iments  with dist i l led water  and Table 3 (gap in center  316 /~; at edge, 321/z) with a 50% a l c o h o l - g l y c -  
e r ine  mixture .  The re  a r e  also shown the deviations of the p r e s s u r e  Ap in the gap f ro m  the external  p r e s s u r e ,  
along the radius  of the fixed disk, as a function of the angular r a t e  of rotat ion of the second disk w. The p r e s -  
su re  is measu red  in N / m  2. The exper iments  were  made ht a t empera tu re  of 20~ 

In all the exper iments ,  with the at ta inment  of a sufficiently high r a t e  of rotat ion,  the centr i fugal  effect 
was rep laced  by a cent r ipe ta l  effect ,  which can be seen c l ea r ly  f r o m  Tables  1-3 by the change in sign of the 
deviation of the p r e s s u r e  in the gap f rom the external  p r e s su re .  

The f i r s t  exper iment  was set  up with the a im of observing the effect with a gap on the same o rde r  of 
magnitude as in the preceding  investigations,  bat using a new method. The second exper iment  was made with 
the same liquid, but with a gap an o rde r  of magnitude g rea t e r ,  with the a im of c lar i fy ing the effect of the 
veloci ty  gradient  on the moment  of the appearance of the effect.  With calculat ion of the veloci ty  gradient ,  ac-  
count was taken of the change in the value of the gap f r o m  the center  of the disks to the  per iphery  (the warp of 
the disks) with r e spec t  to the Newton r ings .  The th i rd  exper iment  was made with another  liquid, with a s t rongly 
differing v iscos i ty  and with a gap st i l l  an o rde r  of magnitude g rea t e r ,  with the aim of c lar i fying the effect of 
the v iscos i ty  on the appearance  of the effect. 

The centr ipeta l  effect ,  observed  with gaps two o rd e r s  of magnitude g rea t e r  than with previous obse rva -  
t ions,  cannot be at t r ibuted to  the effect  of smal l  misal ignments  of the mechanical  sys tem,  as has been done in 
[3-5]. 

The observed  r ep lacemen t  of a centr i fugal  effect by a cent r ipe ta l  effect,  i .e. ,  the appearance of a lifting 
fo rce  of the layer  of liquid in the gap between the disks with an increase  in the veloci ty gradient permi t s  making 
an at tempt to use a theore t ica l  evaluation of the upper l imit  of applicabili ty of the N a v i e r -  Stokes equations f rom 
the c r i t i ca l  value Of the dimensionless  pa r am e te r  / ~ / p ,  proposed in [7], where  p is the viscosi ty;  ~ is the 
veloci ty gradient;  and p is the p r e s su re .  

If we calculate  the value of the dimensionless  p a r am e te r  for  the exper imenta l ly  observed  moments  of the 
appearance of a centr i fugal  effect  for  different  liquids and gaps, then, taking account of e r r o r s ,  it is found 
equal to (7 .3  • 0 . 9 )  �9 10 -4. The equi l ibr ium p r e s s u r e  in the calculation was taken as a tmospher ic .  

Thus,  the exper imenta l  r e su l t s  obtained demons t ra te  the applicabil i ty of the cr i t ica l  value of the dimen- 
s ionless  pa r a me te r  for  evaluating the cha rac t e r  of the flow of a liquid. 

The author expres ses  his thanks to P ro fe s so r  A. S. Akhmatov and Assis tant  P ro fes so r  V. A. Bubnov for 
their  valuable observat ions  with evaluation of the work,  as well as to Engineer M. V. Repkin for  his invaluable 
aid in building the exper imenta l  unit. 
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