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The r e su l t s  a r e  d i scus sed  of an expe r imen ta l  inves t iga t ion  of the effect of the cen t r ipe ta l  in-  
jec t ion  of a i r  into r o t a r y  s y s t e m s  of the type of two p l a n e - p a r a l l e l  d i sks ,  one of which is r o -  
ta t ing whi ls t  the other  is  s ta t ionary .  

It is well known that in the case of shear flow of a resilient highly elastic liquid in a rotary device, 
the rotating drum in the stationary receptacle or, on the contrary, a stationary shaft immersed in the ro- 
tating medium, the liquid is moving from the periphery to the center and is lifted upward in directions 
contrary to the centrifugal and gravitational forces. The combination of these effects has been called the 

Weissenberg effect [i]. 

It has been found that all fluid systems exhibiting the Weissenberg effect display elasticity of shape 
under the action of loads. 

It has been established successfully in experiments on the mechanical behavior of consistent lubri- 
cants in ball- and roller-bearings that, because of the growth of the air film on the rotating surfaces, con- 
tact between the lubricant and the moving surface is prevented [2]. 

The work of Popper and Reiner has been devoted to the experimental investigation of this phenomenon 
[2]. Schematically, their equipment is represented by two very closely positioned coaxial plane-parallel 

disks. One of these (the stator) is stationary and the other (the rotor) is moving. When the gap is in- 
creased to about 20 ~ and the number of revolutions of the rotor is 104 rpm, air is sucked inwards to the 
center at P0 = 1.013.105 N/m 2 [3]. 

However, in Reiner's experiments certain extremely important problems remain unexplained: 

a) the pressure distribution along the radius of the interdisk gap with atmospheric pressure and 
rarefaction of the medium~ 

b) the effect of the pressure and temperature of the surrounding medium on the centripetal effect 
and the radial pressure distribution. 

Because of this, there has arisen the necessity of setting up additional experiments in order to im- 
prove the procedure. The experimental device shown in Fig. 1 has been designed and built. The speed of 
rotation of the rotor was controlled smoothly within the limits (3-25) �9 103 rpm. 

The device is provided with a measurement system and automatic control of the rotor at a specified 
t e m p e r a t u r e .  

The r o t o r  was made of ins t rument  a l l o y - s t e e l ,  t e m p e r e d  to a ha rdnes s  of 58-60 NItS uni ts .  Var ious  
m a t e r i a l s  were  t r i ed  for  the s ta tor :  s tee l ,  f l uo rop l a s t i c -4  (on a me ta l  backing),  and p las t i c .  The working 
su r f aces  of the s t a to r  and r o t o r  were  machined on a h i g h - p r e c i s i o n  gr inding lathe and ca re fu l ly  lapped 
manual ly .  As a r e su l t  of th is ,  the max imum unevenness  of the sur face  of the d isks  amounted to 0.8-1 ~ at  
d i a m e t e r s  of 100 ram. 

The low posi t ioning of the r o t o r  p e r m i t t e d  m e a s u r e m e n t s  to be made of the r ad ia l  p r e s s u r e  prof i le  
at  any point of the in t e rd i sk  space.  In addit ion,  by means  of a spec ia l  r e f e r ence  sys tem,  the s t a to r  could 
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Fig. I. Diagramof experimentalequipment: i) rotor; 2) stator; 

3, 4)micrometer screws; 5, 6)U-shaped mercury manometers; 

7) working chamber; 8) driving shaft; 9) vacuum bearing; i0) 

reductiongear; ii) electric motor; [2, 14) distributionboxes; 13) 

vacuum relay; 15) air valve; 16) lubricant pump; 17) vacuum 

pump; 18) throttle; 19) pressure relay. 

be moved relative to the rotor in the radial direction. A hole with diameter 2 mm at the center of the 

stator was connected with the U-shaped manometer. 

I. Experiments at Atmospheric Pressure 

With a relatively large gap between the rotor and the stator (of order 600 ~), i.e., under the condi- 

tions of action of the normal centrifugal effect, and with a rotational speed of n = 15,000 rpm the manom- 

eter indicated a vacuum of 980 N/m 2 (i00 mm water column) which agrees well with Stewardson's calcula- 

tion [4]. According to Stewardson, the vacuum at the center of the disk is equal to 0.15 pe)2R 2 (R is the 

radius of the disks). 

With further reduction of the gap, the pressure at the center increased gradually up to complete 

equalization with atmospheric pressure. The stator was then released from the retainers. The stator, 

together with the additional load imposed on it, was now maintained in the floating state by the normal 

forces originating in the interdisk space. The vacuum at the center of the disk converts to a positive ex- 

cess pressure which reaches 2840 N/m 2 (290 mm water column) with a gap of order 20 t~ and a stator 
weight of 19.4 N (1.98 kg). 

We note that the magnitude of the excess pressure depends, other conditions being equal - i.e., with 

a fixed number of revolutions of the rotor and with unchanged geometry of the system - on the weight of 
the stator. 

The pressure distribution along the radius of the interdisk space was measured on the apparatus (see 

Fig. I), for which a system of pneumometric holes with diameter 1 mm was constructed in the stator along 

3 radii with an angle of 120 ~ between them~ According to Taylor and Saffman [5], in the case of misalign- 
ment of both disks there are regions of increased and reduced pressure in the gap. Inequality of one or 

other pressures at three points of the disk, equidistant from the center, confirms a misalignment in the 
equipment. The experiments were carried out only after the pressures at the points of takeoff located at 
the circumference had reached equalization. 

It can be seen from the profilograms of the working surfaces of the disks, plotted before and after 
the experiments, that the average height of microirregularities amounted to 0.4 to 0.6 #. Unevenness of 
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Fig. 2. Pressure distribution along the radius of the 
interdisk space at normal atmospheric pressure, a)n 
= 15,900rpm: l )h=  150/z; 2) h= lOOt~, b) n= 8000rpm: 
1) Q = 0; 2) Q = 9 .8N;  Pexc '10 -3 -  
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Fig. 3. Flowpat terns:  a) with- 
outflow; b) smallf low; c) large 
flow. 

the working surfaces  of the disks has a considerable effect on the 
velocity and p re s su re  fields in the interdisk gap. Therefore ,  special 
attention should be paid to control  of the geometry  of the working sur -  
faces of the disks which, before the experiments,  were carefully 
lapped one to the other.  The curves  of the measured  p r e s s u r e s  shown 
in Fig. 2 have an extremely monotonic nature.  As a resul t  of this, the 
maximum Pexe is located not at the center  of the disk but at a distance 
of (0.25-0.3)r. Obviously, such a curve shape is governed by the 
a symmet ry  of the radial  components of the velocity field in the in ter -  
disk gap. In order  to explain the data obtained, we use the resul ts  of 
[6], in which the flow s t ructure  of water  was studied between a ro ta t -  
ing disk and a stat ionary container enclosing the disk in the presence  
of and in the absence of a radial  s t ra ight- through forced flow. It was 
determined that the per ipheral  velocity component at high Q-values 
remains  just the same as in the absence of a forced feed Q = 0. How- 
ever, at low Q-values maxima appear on the radial  velocity dis tr ibu-  
tion. Consequently, in certain sections of the bed (in the boundary 
region) the liquid has a per ipheral  velocity grea ter  than that near  the 
disk. This is because the liquid at the per iphery acquires an en- 
hanced velocity in proport ion to its motion through the gap to the 
center.  

Figure 3 shows profiles of the radial and axial velocity com- 

ponents in the meridinal plane, taken from [6], for the following 

cases: a) without flow; b) with a small flow; e) with a large flow. 

In order to explain the nature of the curve obtained in our experiments (see Fig. 2) it can be sup- 

posed that the flow in the gap is divided into two regions, as was observed in [6] (Fig. 3b). In the vicinity 

of the stationary disk the liquid is moving toward the center and toward the wall, whereas in the regions 

adjoining the rotating disk the flow is directed toward the periphery. The flow in the latter region is simi- 

lar to that which is formed at the entrance to the gap for the model [6] of Fig. 3a) with Q = 0. In the near- 

axial region, the liquid is moving inward, i.e., toward the center. Thus, there must be a section r = r 0 
where the flow velocity toward the center and away from it are equal to one another and which, obviously, 
corresponds to the condition Q = 0. For all values of r greater than r 0 the flow is directed toward the 
periphery of the disk. In the case of values of r less than r 0 there is no flow from the center to the peri- 

phery. The Weissenberg effect can be observed also in gases when the Trusdell number is comparable 

with unity (Tr ~ i). 

II. Investigation of the Centripetal Effect at Reduced Pressure 

In the foregoing part of our experiments, the Weissenberg effect was achieved because of the strong 
increase of the shear strength. The test stand and measurement circuits were modified in conformity with 
the characteristics of rarefied gases. The apparatus shown in Fig. 4 was also designed and manufactured. 
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Fig .  4. L a y o u t o f  e qu ipme n t :  1) c o v e r  p l a t e ;  2) s t a t o r ;  
3) r o t o r :  4) m i c r o s c r e w s ;  5, 6) p i s t o n  coup le ;  7) m i c r o -  
s c r e w ;  8) r e t u r n  s p r i n g ;  9) i n d i c a t o r .  

In o r d e r  to r e g u l a t e  the  p a r a l l e l i s m  of  the  s t a t o r  and r o t o r  s u r f a c e s ,  four  h o l e s  w e r e  d r i l l e d  t h rough  
two d i a m e t r i c M l y  o p p o s i t e  d i r e c t i o n s  at  an i d e n t i c a l  d i s t a n c e  f r o m  the c e n t e r .  

The  s t a t o r  was  s e t  p a r a l l e l  to the  r o t o r  b e f o r e  p r e s s u r e  e q u a l i z a t i o n  was  a t t a i n e d  in t h e s e  h o l e s .  In 
o r d e r  to m e a s u r e  the  p r e s s u r e  d i s t r i b u t i o n  the m e a s u r i n g  h o l e s  w e r e  d r i l l e d  on a s e p a r a t e  r a d i u s .  

F i r s t  of a l l ,  the  e f fec t  of e v a c u a t i o n  on the  change  of  p r e s s u r e  in the c e n t r a l  open ing  was  i n v e s t i g a t e d .  
The r e s u l t s  of  the  e x p e r i m e n t  a r e  g iven  in T a b l e  1. It fo l lows  f r o m  T a b l e  1 tha t  a t  the  i n i t i a l  i n s t a n t  u n d e r  
n o r m a l  a t m o s p h e r i c  cond i t i ons  the p r e s s u r e  a t  the  c e n t e r  of the  d i s k  i s  n e g a t i v e ,  i . e . ,  the  n o r m a l  c e n t r i -  
fugal  e f fec t  i s  o b s e r v e d .  When the p r e s s u r e  of the  s u r r o u n d i n g  m e d i u m  i s  r e d u c e d ,  P0 = 5 .33 .103  N / m  2, 
d e s p i t e  the c o n s i d e r a b l e  gap ,  the  p r e s s u r e  at  the  c e n t e r  b e c o m e s  p o s i t i v e  r e l a t i v e  to  the  c h a m b e r ,  i . e . ,  
the  W e i s s e n b e r g  e f fec t  b e g i n s  to a p p e a r .  

The e x c e s s  p r e s s u r e  p r o f i l e s  a l o n g  the r a d i u s  of the  i n t e r d i s k  gap with  d i f f e r e n t  u n d e r p r e s s u r e s  of 
the  m e d i u m  a r e  shown in F ig .  5a. In the  c a s e  of n o r m a l  a t m o s p h e r i c  p r e s s u r e  P0 - 1 .013-  105 N / m  2 and 
gaps  of  h = 100 and 150 p,  the  n o r m a l  c e n t r i f u g a l  e f fec t  o c c u r s .  With  f u r t h e r  r e d u c t i o n  of p r e s s u r e  of the  
m e d i u m ,  the  e x c e s s  p r e s s u r e  p r o f i l e  f l a t t e n s  out  and  at  P0 = 5 .33 .103  N / m  z (40 m m  Hg) o r  l e s s  the  c e n t r i -  
p e t a l  e f fec t  a p p e a r s .  The  m a x i m u m  P e x c  i s  then  l o c a t e d  a t  a d i s t a n c e  of (0 .5 -0 .6 ) r  f r o m  the ax i s  of the  
d i s k .  

The  e x c e s s  p r e s s u r e  d i s t r i b u t i o n  i s  shown in F i g .  5b f o r  v a r i o u s  gaps  h. It can  be  s e e n  f r o m  F ig .  5b 
tha t  when P0 = 5 .33 .103  N / m  s (40 m m  Hg) the  c e n t r i p e t a l  e f fec t  d e v e I o p s  m a r k e d l y  a t  h = 80 t~. 

T A B L E  I. 

U n d e r p r e s s u r e s  of the M e d i u m  

Pch,  n, rpm Pexc = P e f - -  
m m  Hg P c h ( m m H 2 0  ) 

760 
760 

135 

Change of P r e s s u r e  a t  C e n t e r  of S ta to r  wi th  D i f f e r e n t  

16500 - -90  

8600 --26 

16500 0 

Pch, 
mm Hg 

n,rprn Pexc = Pef--  
Pch( m m  H20 ) 

33 

33 

33 
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10000 
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Fig. 5. a) Excess p r e s s u r e  distribution along the radius of the 
interdisk gap with different unde rp res su res  of the medium: 1) Pch 
= 1.013.105 N/cm 2 (760mmHg), h = 150 ~, n = 15,900rpm; 2 ) r e -  
spectively, 1.013.103 , 100, 9000; 3)1.066"104 ( 8 0 m m H g ) ,  100, 
18,000; 4) 5.33.103 (40 mm Hg), 100, 19,600; 5) 2.665.103 , 100, 
18,500; 6) 5.33.103 , 80, 19,000. b) Effect of gap size on the 
p re s su re  distribution along the radius of the interdisk space. Pch 
= 5 .33 .109N/m 2 ( 4 0 m m H g ) ,  n = 1 9 , 0 0 0 r p m ;  1) h = 5 0 0 ~ ;  2) 100; 
3) 80; 4) 70. 

I I I .  E c c e n t r i p e t a l  E f f e c t  in  G a s e s  

As mentioned above, in contras t  f rom the Reiner and the Tay lo r -Saf fman  experiments  [5], the s ta tor  
in our experiments  could be moved relative to the ro to r  in a radial  direction. It was found that in the 
presence  of eccentr ic i ty  between the ro tor  and stator,  with other conditions equal, the effect of cent r i -  
petal:injection increases  with increase of displacement  (Fig. 6a). 

We note that, right up to a value of e /R = 0.2, the radial  displacement of the axes of the disks does 
not affect the centripetal  effect. Beyond this threshold the p re s su re  at the center  increases  p rogress ive ly  
almost  according to a l inear law. 

When e /R = 0.7, the centr ipetal  effect intensifies by a factor  of 4. It should be noted that the magni-  
tude of the eccentr ipetal  effect, other conditions being equal, depends l inearly on the weight of the stator  
(together with the additional load) (Fig. 6b). 

. . . . .  >exc/Pc h ] Pexc/Pch �9 o 

F'Pch 

Pexc/Pch 
~35 : 

q t5  
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0,05 
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Fig. 6. Dependence of: a)magnitude of centripetal  effect 
onthe eccent r ic i tybetweenthe  disk axes: n = 15,000 rpm;  
Pch = 1.013 �9 105 N/m2; b) magnitude of eccentr ipetal  ef- 
fect on the stator weight: n = 12,000 rpm; e /R = 0.56; 
Pch = 1.013.105 N/m 2 (760 mm Hg); c) magnitude of ec-  
centripetal  effect on speed of rotation of rotor :  e /R  = 0.56; 
1) Q = 19.8N;  2) 33.1N;  3) 47.43 N; 4) 53.31N. 
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Figure  6c shows the exper imen ta l ly  obtained dependence of the magnitude of the eccen t r ipe ta l  effect  
on the speed of rotat ion of the ro tor .  

Thus,  a new rheodynamic  effect  appea r s  in the fo rm of an additional injection. It has been a s c e r -  
tained that  the cen t r ipe ta l  effect  is intensif ied cons iderably  with i nc rea se  of the speed of rotat ion and the 
eccen t r i c i ty  between the ro to r  and s ta tor .  

Analys is  of the r e su l t s  obtained and ce r t a in  supp lementa ry  data will be  given in a subsequent  paper .  
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NOTATION 

Is the excess pressure at the center of the stator; 

Is the air pressure in the chamber; 

is the speed of rotation of the rotor; 

is the angular velocity of the rotor; 

is the instantaneous radius; 

is the air density; 

is the weight of the stator, together with the additional load; 

is the gap; 

is the eccentrieity between the disk axes; 

is the radius of the disks. 
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