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The p a r a m e t e r s  of a cavi ta t ing liquid a r e  de te rmined  on the ba s i s  of m e a s u r e m e n t s  of the 
ini t ial  flow p a r a m e t e r s  and f o r c e s  act ing on the nozz le .  The volume concent ra t ions  of a 
cavi ta t ing flow a r e  a lso  m e a s u r e d  by a conduc tomet r ic  method s imul taneous ly  with a d e t e r -  
minat ion of t he i r  va lues  f r o m  m e a s u r e m e n t s  of the fo r ce s  act ing on the nozz le .  

The solution of a num ber  of engineer ing  p r o b l e m s  r e q u i r e s  knowledge of the s t ruc tu re  and quanti ta t ive 
c h a r a c t e r i s t i c s  of a flow both outside and in the in t e r io r  of a c h a m b e r .  The methods  used to inves t iga te  
cavi ta t ing flows [1-5] a r e  based p r i m a r i l y  on the hydrodynamics  of a s ing le -phase  i n c o m p r e s s i b l e  f luid.  In 
addition to visual  obse rva t ions ,  the vo lume t r i c  fluid flow r a t e  and p r e s s u r e  along the flow have been m e a s -  
u r ed  in th is  connection.  

We have obtained the c h a r a c t e r i s t i c s  of one-d imens iona l  cavi ta t ing f lows by m e a s u r i n g  and calculat ing 
the f o r c e s  act ing on a moving nozz le  in which t he r e  is  a cavi ta t ing flow. A d i ag ram of the exper imen ta l  
a r r a n g e m e n t  is  given in Fig .  1. The t e s t s  were  p e r f o r m e d  on two t r a n s p a r e n t  nozz les  (l = 0.300 m,  d 2 =d 4 
= 0.150 m,  d~ = 0.100 m and d 3 = 0.112 m) and on one opaque ([ = 1.50, d 2 = d  4 = 0.170 m,  d 3 = 0 . 14 0 m) .  
The method of invest igat ion is to de te rmine  the c h a r a c t e r i s t i c s  of the cavi ta t ing flow at the nozzle  exit f r o m  
m e a s u r e m e n t s  of the fo rces  acting on the nozzle and ~he flow p a r a m e t e r s a t  the nozzle  en t ry .  A movable  
sealed coupling is  fo rmed  between the nozzle  and the pipeline by means  of packing g l a n d s .  Since the flow 
d i a m e t e r  is l a rge  (d = 0.150 m),  the ra t io  of the fr ic t ion fo rce  in the glands to the force  act ing on the nozzle  
as  m e a s u r e d  with a s t ra in  gauge does not exceed 5 to 10%. The ra t e  of flow of water  into the nozzle is de -  
t e rmined  f rom the p r e s s u r e  d i f ference  in the convergent  section (dl = 0.400 m) between c r o s s  section 1-1 
and 2-2 .  The p r e s s u r e  in the pipe sect ions  and the working section (c ross  sect ions 1, 2, 3, 4) is m e a s u r e d  
with s tandard l abo ra to ry  m a n o m e t e r s .  

In the e x p e r i m e n t s  we used  tap wa te r  at 5 to  23~ T e m p e r a t u r e  m e a s u r e m e n t s  in the flow and inside 
the chambe r  by di f ferent ia l  t he rmocoup le s  show that  the  t e m p e r a t u r e  inside the c h a m b e r  is  1 or  2~ lower ,  
on the ave rage ,  than in the f r e e s t r e a m  flow. 

Fig .  1. Expe r imen ta l  a r r a n g e m e n t .  1-4) Labeled c r o s s  
sec t ions ;  5) p robe  for  m e a s u r e m e n t  of the volume concen-  
t r a t ion  of mix tu re  components  [6]; 6) suspension s y s t e m  
with s t r a in  gauge.  
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Fig.  2. Exper imenta l  and analytical  data for nozzles (? = 0.3 m,  
d 2 = d 4 = 0.150 m).  a) d2/d 3 = 1.33; b) 1 .5 .  1) Water velocity v3 
in nar rowes t  section of nozzle (cross section 3-3); 2) p res su re  
induced reaction component Rp; 3) velocity v 4 of mixture  at nozzle 
exit (cross section 4-4); 4) react ion R acting on nozzle~ 5) entry 
velocity v2 of water  into nozzle (cross section 2-2); 6) head loss  
factor  ~h; 7) energy loss factor  ~e; 8) react ion component R m 
due to change of momentum; 9) volume concentration Cg of gas 
(vapor and air) at nozzle exit; 10) ra t io  P4 of nozzle exit p r e s su re  
to nozzle entry p r e s su re .  

The equation 
approximation: 

R = m(:,,~- v,) + S4p~-- S~p~ = R,~ + Rp. 

The mass  flow through the nozzle is  

tn ~ S2vap L - ~ -  Sa~Jap L ~ S4V 4 (CL0 L -+-Cgpg), 

where 

for the react ion force acting on the nozzle is  writ ten as  follows in the one-dimensional 

(1) 

(2) 

C:L + cg ---- 1. (3) 

Equation (2) is constrained by the condition that the liquid medium and vapor formed (air) move 
ac ross  c ross  section 4-4 at the same veloci t ies .  

With regard  for Eq. (2) the react ion force component induced by the change of momentum of the mass  
moving through the nozzle is 

R m = m ( v 4  v.z)=pbv~S~ ( v~ - -1) .  (4) 
U 3 

Accordingly,  the second component of the react ion force  is 

[ Fig .  3. Volume concentration 
[ c _  of vapor and a i r  at nozzle 
[ ex~it (l = 1 . 5 0 m ,  d 2 = d  4 =0 .17  
[ m,  d2/d 3 = 1.2 for H2 = 1.24); 

e~ 1 I 

J 
I 

e~ Cg 

~--- r / r  4 is the dimensionless 
nozzle radius at c ross  section 
4-4.  1) F r o m  conductometric 
measurements  [6]; 2) f rom 
measurements  of forces  on 
nozzle; 3) average xalue fo r .  
curve 1. 
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Rp = S 2 ( p , - - p 2 )  Tfor S 2 = S 4. (5) 

In the expe r imen t  we m e a s u r e d  the p r e s s u r e - i n d u c e d  component  of the reac t ion  force,  accord ing  to 
Eq.  (5) and the total  fo rce  R,  f r o m  which it  i s  then poss ib le  to de t e rmine  R m and so the veloci ty  and den-  
s i ty of the fluid emerg ing  f r o m  the nozzle:  

_ OL S2 v~ (6)  CL OL + CgOg " ~ 
- -  -L '~ 2 " 

PL (R- -Rp)  S4 - L ~ ,  p 82v2 

At the s a m e  t i m e ,  the volume concentrat ion of a i r  (vapor) in the cavi ta t ing flow is 

Cg = % _ pg) (R - -  R~) PL_S, 
[(R - -  ~p) s~ + 0L s ~ v ~  �9 iv) 

Inasmuch  as  the p r e s s u r e  of the cavi ta t ing liquid is  usua l ly  smal l ,  the densi ty of the gaseous  components  
can be neglected in mos t  c a s e s .  

The expe r imen ta l  and analyt ical  data on one-d imens iona l  cavi ta t tng flows a r e  given in F i g s .  2a and 
2b in the d imens ion les s  f o r m  

: s . , . , c  ' & = p ,  

v~=  v_A2 ; v s =  v__~ ; v~= v4 ; 
VC ~)C Vc 

~ h = l - -  H a  ; ~ e = l - -  H4S4~v'~ �9 
Ho. H2S~v ~ ' 

H 2 .  1 1 
= ' P"+ V H ,  = p L +  ; 

l ' '  
H4 = P4 -]- ~ (CLP L -~ Cggg) V~. 

The p r e s s u r e  and veloci ty  at the inception of cavi tat ion in c r o s s  sect ion 3-3 a re  identical  for  both t r a n s -  
parent  nozz les  (d2/d 3 = 1.50 and d2/d 3 = 1 .33) :  Pc = 0.2 N/m;  v c = 24 m / s e c .  

The head loss  f ac to r  ~h and energy  loss  f ac to r  ~e a r e  bes t  r ep re sen t ed  as  follows in the given case:  

- l -  U2  •  1 - -  • [1-- cg(l--  ~)] ' -~ 
~h = 1 ( 1 - -  • B~ , (8) 

~e = 1 - -  (1 - -  ~h) Save = 1 - -  
S2v 2 

(1-- ~c) [1--Cg(1-- pg)] H2 

(i --• [1--Cg(1-- Pg)]" Hs 
(9) 

He re  

2P4 2P.c . 
x,l= , ~ ;  • = PL v2 ' ~g= 9g PLVc P.L 

The r e su l t s  of conductomet r ic  m e a s u r e m e n t s  [6] of the volume concentra t ions  at points of c r o s s  s e c -  
t ion 4-4 and a s imul taneous  de te rmina t ion  of the volume concent ra t ions  by m e a s u r e m e n t  of the fo r ce s  
act ing on the nozzle  a r e  p re sen ted  in Fig .  3. 

The following conclusions a r e  based on these  exper imen ta l  invest igat ions  of in ternal  cavi ta t ing f lows.  
The flow p a r a m e t e r s  suffer  a discontinuity (jump) at the inception of cavi ta t ion.  

The p r e s s u r e  in the expanding pa r t  of the nozzle ,  as  observed  in the expe r imen t s  of Hochschild [2], 
is  not r e s t o r e d .  However ,  the a l m os t  comple te  loss  of potential  energy  inside the chamber  at the exit f r o m  
the nozzle  is l a rge ly  offset  by grov~h of the flow kinet ic  energy (v4/v 2 > 1; R m > 0). The total  l o s s e s  of 
potent ia l  and kinet ic  energy  (see F i g s .  2a and 2b, curve  7) range  f r o m  50 to 15%, depending on the c o n s t r i c -  
t ion of the nozzle  (d4/d2) and the cavi tat ion flow r e g i m e  (H2). With an i nc r ea se  in the degree  of expansion 
of the duct the los t  head i n c r e a s e s  as well ,  while the energy  l o s s e s  dec rease ;  th is  behavior  is  explained 
by the compre s s i b i l i t y  (expansibility) of the v a p o r - - a i r - - w a t e r  m ix tu r e .  
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It is evident from a comparison of the flow velocities (curves 1, 3, and5 in Figs.  2a and 2b) that the 
exit velocity of the vapor--air--water  mixture is greater  than the  water entry velocity to the noz~e ,  but less 
than the flow velocity at the narrowest  Cross section, for  all cavitation flow regimes.  

The conductometric measurements of the volume concentrations of the mixture components at points 
of the flow cross  section show that the chamber has a wall layer  8 to 10 mm thick, inside which the vapor 
and air  are  70 to 80%by volume. The flow core is denser and the vapor ' a i r  in ~ l e s s  by volume: 30 to 60%, 
depending on the nozzle constriction (djd2) and the cavitation flow regime ~2). 

A comparison of the volume concentration measurements by the two different independent methods 
exhibits reasonably good agreement.  

NOTATION 

p is the pressure;  
v is the velocity; 
PL is the density of the liquid; 
pg is the density of the gas (vapor); 
c L is the volume coneentration of liquid; 
c is the volume concentration of gas (vapor); 
S g is the flow cross-sect ional  area .  
The numerical subscripts indicate the labeled cross  sections of the working length, as illustrated in Fig. 1. 

L I T E R A T U R E  C I T E D  

1. G . S .  Nazarov, Inzh . -F iz .  Zh. ,  1_~4, No. 3 (1968). 
2. L. Prandtl,  Fundamentals of Hydro- and Aeromechanics, McGraw-Hill, New York--London (1934). 
3. K . K .  Shaltnev, Izv. Akad. Nauk SSSR, Otd. Tekh. Nauk, No. 8 (1956). 
4. R. Kobayshi, Trans .  ASME, D89, No. 3 (1957). 
5. W . H .  Li and J.  P.  Walsh, Proc .  Am. Soc. Civil Engrs.  (J. Engng. Mech.), 90, No. 6 (1964). 
6. A . F .  Babitskii and A. M. Kravchenko, in: Fluid Mechanics {in Russian], No. 20, Naukova Dumka, 

Kiev (1972). 

218 


