
E F F E C T  O F  P O L Y M E R  A D D I T I V E S  ON C A V I T A T I O N  

B .  l~. V y a z ' m e n s k i i  UDC 532.522 

It is found in exper iments  on pulsed cavitat ion equipment that,  r e la t ive  to water ,  the cr i t ica l  
cavi tat ion number  is d iminished 15% for  a 0.1% polyox solution and 8% for  a 0.47% butyl a l -  
cohol solution. 

R e s e a r c h  outside the Soviet Union on the influence of h igh -molecu la r  addit ives on cavi tat ion is ana-  
lyzed in detail  in [1]. Invest igat ions in the United States,  Br i ta in ,  and Canada have shown that the use  of 
var ious  kinds of s u r f a c e - a c t i v e  agents makes  it poss ib le  to a l t e r  s ignif icantly the conditions for  the f o r m a -  
tion of cavi t ies ,  to reduce  cavi ta t ion noise,  to p r o t r a c t  the t ime  of cavitat ion inception, and to diminish 
cavi tat ion eros ion.  The authors  have  declined, however ,  to submit  any hypothesis  to explain the effect  of 
po lymer  addit ives on cavitat ion.  

The f i r s t  such a t tempt  mus t  be a t t r ibuted to Fogler  and Goddard [2]. They have analyzed the col lapse  
of a spher ica l  cavity in a v i scoe las t i c  liquid, der ived an integrodifferent ia l  equation descr ib ing  the motion 
of the cavity, and formula ted  s o m e  numer ica l  solut ions.  The mos t  in teres t ing conclusion is that  the e l a s -  
t ici ty of the liquid can s t rongly  affect  the col lapse  of a cavity and induce a prolonged vibrat ional  motion of 
the cavi ty  boundary if the re laxa t ion  t ime  of the liquid is much g r e a t e r  than the Rayleigh col lapse  t ime .  

The foregoing effect  stands in sha rp  cont ras t  with the rapid  col lapse  that  always occurs  for  cavi t ies  
in pure ly  viscous  liquids. Unfortunately,  the authors  did not apply the i r  conclusions to a concre te  t heo -  
logical  model of a liquid, because  to do so incurs  difficult ies in the analys is  and calculat ions.  

The mos t  r ecen t  publication on the use  of po lymer  addit ives in cavi tat ions is a pape r  by Hoyt [3], 
who has invest igated jet  cavitat ion and shown that the c r i t i ca l  number  for  the onset of cavitat ion can be 
dec rea sed  by the introduction of h igh -molecu la r  addit ives in the liquid s t r e a m .  Hoyt is of the opinion that 
the action of po lymer s  on the inception of cavitat ion is one manifes ta t ion  of the influence of those sub-  
s tances  on the overa l l  flow reg ime .  Using a specia l  hydrophone and assoc ia ted  ins t rumenta t ion  to pinpoint 
the inception of cavitat ion,  Hoyt showed that the cr i t ica l  cavi tat ion number  is d e c r e a s e d  35 to 40% when 
po lymer  addit ives a r e  introduced. Secondari ly,  he es tabl i shed the fact  that  with the use  of p o l y m e r s  noz-  
zle swir l ing vanes do not affect  the flow c h a r a c t e r i s t i c s ,  whereas  in the nozzle  flow of water  the p r e s e n c e  
of such vanes cons iderably  i n c r e a s e s  the cr i t ica l  cavi ta t ion number .  

We have endeavored to study the act ion of po lymer  addit ives on cavitat ion,  using pu l sed-mode  cavi -  
tation equipment.  P r i o r  to the exper iment  we carefu l ly  de te rmined  the v i scos i ty  and su r f ace  tension of 
the solut ions.  The data of s u r f ace - t en s i on  m e a s u r e m e n t s  of Polyox WSR-301 solutions by means  of a 
Jobin and Vion t ens iome te r  a r e  in good ag reemen t  with the r e su l t s  given in [3, 4] for  concentrat ions in the 
range  f r o m  0 to 0.1%. 

The pulsed cavi tat ion equipment makes  it  poss ib le  to study cavi tat ion phenomena in var ious  l iquids.  
It has  the following patent  advantages over  conventional equipment:  

1) s t e a d y - s t a t e  conditions in the working sect ion in combinat ion with smal l  overa l l  equipment di -  
mens ions ,  the volume of t e s t  liquid not exceeding 30 l i t e r s ;  

2) capabi l i ty  for  varying the s ta t ic  p r e s s u r e  in the sy s t em,  i . e . ,  obtaining different  fo rms  of cavi -  
tation; 

T rans l a t ed  f rom Inzhenerno-F iz ichesk i i  Zhurnal ,  Vol. 25, No. 6, pp. 1052-1055, D e c e m b e r ,  1973. 
Original a r t i c l e  submit ted  July 27, 1973. 

�9 1975 Plenum Publishing Corporation, 227 West 17th Street, New York, N. Y. 1001 I. No part o f  this publication may be reproduced, 
stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, microfilming, 
recording or otherwise, without written permission of  the publisher. A copy of  this article is available from the publisher for $15.00. 

1536 



\ 5 

�9 a 

Fig. 1. Schemat ic  of pulsed cavi ta t ion equipment.  1) 
P r e s s u r i z e d  tank; 2) c o m p r e s s e d - a i r  line; 3) m a n o m -  
e t e r s ;  4) de l ive ry  tank; 5) working sect ion;  6) r e -  
ceptacle ;  7) r e tu rn  channel; 8) cell  with hydrophone; 
9) working sect ion;  10) shutoff va lve .  

3) open-cyc le  operat ion,  precluding the accumula t ion  of bubbles as cavi tat ion nuclei .  

A d i ag ram  of the expe r imen ta l  se tup  is given in Fig. 1. The p r e s s u r e  Pd in the de l ive ry  tank can 
be a l t e red  by the injection of c o m p r e s s e d  a i r  f rom a p r e s s u r i z e d  tank. The p r e s s u r e  P r  in the r ecep tac le  
tank is var ied  by means  of a b leeder  valve mounted on it. 

We denote the cavi tat ion number  by 

k:= I ~ P r  = .  1 --!-Pr 
~ Pd - -  Pr 

,~ T 

The onset  of cavi ta t ion was de te rmined  with a hydrophone placed in a wa te r - f i l l ed  cell  se t  up in the 
working sec t ion  of the s y s t e m .  The hydrophone readings  were  de l ivered  through an ampl i f i e r  to a r e c o r d -  
ing unit.  The t ime  of cavi tat ion noise  inception was r ecorded ,  being indicated by an abrupt  jump on the 
t ape  plot.  Compara t ive  t e s t s  we re  made  with water  and solut ions of polyethylene oxide (Polyox WSR-301). 

The resu l t s ,  which a r e  p resen ted  in Fig. 2, indicate,  on the average ,  a 15% reduct ion in the c r i t i ca l  
cavi ta t ion number  for  the po l ym er  solution at 0.1% concentra t ion.  

The exper imenta l  data thus c o r r o b o r a t e  in pr inc ip le  Hoyt ' s  r e su l t s  on the reduct ion of the c r i t i ca l  
cavi ta t ion number  with the injection of po l ymer  addi t ives .  The  quanti tat ive d i sc repanc ies  may  be at t r ibuted 

I ! ._ x -  - V -  -?- 2YT_L.  
~ . , , _  ~ ~ / ~r I . . . . . . ._ ~..,.., 

o ~z o,, q6 qa ~ t,e Pr 

Fig. 2. Critical cavitation number versus pressure 
Pr, kg/em2, for special additives: I) pure water; 2) 
0.1% Polyox WSlR-301; 3) butyl alcohol, C = 0.47%. 
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to the fact  that  Hoyt inves t igated je t  cavitation, whereas  the cavitat ion in our exper iment  descr ibed  above 
took place  in the s lot ted sec t ion  of the pulsed cavitat ion sy s t em.  

In addition to po l ym er  addit ives,  we a lso  invest igated the influence of other  s u r f a c e - a c t i v e  agents on 
the p ro t r ac t ion  of the cavi tat ion inception t ime .  For  examp le ,  an aqueous solution of butyl alcohol at a 
concentrat ion C = 4.7 - 10 -3 has  the s a m e  su r face  tension as a Polyox solution at  a concentrat ion of 1 �9 10 -3 
(a = 60 dyn /cm) .  As Fig. 2 indicates ,  the addition of butyl alcohol to water  d e c r e a s e s  the cavi tat ion num- 
b e r  by 6 to 8%. 

P r  is the r ecep tac le  p r e s s u r e ;  
Pd is the de l ivery  tank p r e s s u r e ;  
p is the densi ty  of the liquid; 
v is the liquid flow velocity;  
C is the addit ive concentrat ion.  
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