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The p r e sen t  paper  examines  the p rob lem of an 
oblique condensa t ion  shock unde r  the a s sumpt ion  that 
the condensa t ion  coeff ic ient  is unity [1]. 

Such a fo rmula t ion  of the p rob lem follows, for  
example ,  f rom an examina t ion  of the physica l  p ro -  
c e s s e s  on a su r face  e l emen t  of the cavity formed when 
a vapor  d i scha rges  into a volume fi l led with re la t ive ly  
cold l iquid.  It is  a s sumed  that the heat of condensa -  
t ion is t r a n s f e r r e d  f rom the vapor to the l iquid and 
is comple te ly  r emoved  f rom the condensa t ion  bound- 
a ry  by the l iquid s t r e a m .  Thus,  the concept  of a 
"condensa t ion  shock" r e f e r s  to the compara t ive ly  
wide l aye r  in which tu rbu len t  r e l e a s e  of heat  to the 
l iquid is accompl i shed .  

The genera l  theory of cavi t ies  on whose su r faces  
phase t r a n s i t i o n  takes place is fa r  f rom complete ,  
e spec ia l ly  as r e g a r d s  t u rbu l en t  flow. A s e m i - e m p i r -  
ical  theory  based  on the work of Gl ikman [2] p e r m i t s  
de t e rmina t ion  both of the locat ion of the "condensa-  
t ion front" and the p a r a m e t e r s  of the tu rbu len t  bound-  
a ry  l aye r  behind the '~condensation front~ For  a 
p r e l i m i n a r y  e s t ima te ,  however ,  we may r e s t r i c t  our  
a t tent ion to the o n e - d i m e n s i o n a l  case ,  and, by divid-  
ing the cavity sur face  into a n u m b e r  of plane sec t ions ,  
we may ca lcula te  the l iquid flow p a r a m e t e r s  and heat  

t r a n s f e r .  
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Fig.  1. Oblique condensa t ion  shock. 

We shal l  examine  the following p rob lem.  A homo-  
geneous  s t r e a m  of vapor fal ls  at an angle on a plane 
l iquid sur face  {Fig. 1). 

The laws of conse rva t ion  re la t ing  the flow p a r a m -  
e t e r s  ahead of and behind the shock may be wr i t ten  
in the form 

pl ci, : :  p,2 c2,, (1) 

2 
P, + Pl c~. = p= + p~ c~, (2) 

qt = c~t, (3) 

2 + i ~  = - - ~ - + i 2 + q .  (4) 

The s u b s c r i p t  1 r e f e r s  to quant i t i es  de sc r ib ing  the 
flow ahead of the shock, and the subsc r ip t  2 to quan-  
t i t ies  behind the shock, which are  to be d e t e r m i n e d  
{with the except ion of Pz and i2). 
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Fig. 2. Schematic  of a vapor - l iqu id  in jec tor :  
1) vapor;  2) l iquid; 3) total  flow. 

The sys t em of equat ions  (1)-(4) r e m a i n s  val id for  
any equation of s tate  of the working subs tance ,  both 
before and af ter  the condensa t ion  shock. In the given 
case  we shal l  a s s u m e  that the working subs tance  
ahead of the shock is a gas ,  and behind the shock- -an  
i n c o m p r e s s i b l e  l iquid.  In this s i tua t ion the densi ty  
d iscont inui ty  is defined independent ly  of the r e m a i n i n g  
p a r a m e t e r s ,  and the re la t ive  dens i ty  T = Pl/Pa is a 
p a r a m e t e r  of the p rob lem.  

Des ignat ing  the veloci ty  component  behind the shock 
p a r a l l e l  to the or ig ina l  flow d i rec t ion  by u, and the 
component  pe r pe nd i c u l a r  to it by v (see Fig.  1), we 
may wri te  (3) in the fo rm 

cl cos ~ = u cos ~ + v sin 8. (5) 

Noting that 

c~ = cl sin [~, 

c = .  = a s i n ~  - -  ~' c o s  ~ ,  

we wri te  (1) in the form 

q ' 7  - - u  - -v  ctg[L (6) 

Solving (5) and (6) s imul t aneous ly ,  we find 

u = c ,  [ 1 - (1 - -  ~) sin' 81,  ( 7 )  

q ( l  - - 7 )  v -- sin 2 [8, (8) 
2 

and for the total velocity of the liquid 

c 2 = q  F l - - ( t - - 7 ~ ) s i n 2 ~  . (9) 

The angle of inc l ina t ion  of the flow behind the shock 
is de t e rmined  by the re la t ion  

t g S = v / u = ( 1  - -  y)sin 2 ~/2 [1 - - ( l  --,~) sinZ ~]- (10) 
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T a k i n g  a c c o u n t  of (2) and the e x p r e s s i o n s  fo r  Cin and 
Can, the  r e l a t i o n  b e t w e e n  the  p r e s s u r e s  b e f o r e  and 
a f t e r  the  shock  m a y  be  w r i t t e n  in the  f o r m  

P~ = Pt  q -  Pl c~ ( 1 - -  y )  s i n  ~ [~. ( 1 1 )  

F o r  the  s t a g n a t i o n  p r e s s u r e s  P01 and P0a the  r e l a t i o n  
t a k e s  the  f o r m  

1 - - y  t (I - -  y) sin=l~ . (12) Po2 = P01 + �9 ~/ " 

H e r e  the  a m o u n t  of h e a t  tha t  m u s t  be  r e m o v e d  f r o m  
the  c o n d e n s a t i o n  b o u n d a r y  to  a t t a i n  a s t e a d y  s t a t e  i s  

d e t e r m i n e d  f r o m  (4) to be  

2 

~ - A i q - - @  (1 - -  ~)sin2[I, q (in) 

where Ai = i I -- i2. 

Thus, the stagnation pressure in the liquid stream 
is always greater than in the vapor stream, if con- 

densation occurs at the shock, and the latent heat of 
vaporization is removed from the liquid. 

This effect (or something close to it) is evidently 
used in vapor-liquid injectors. This type of injector 
(Fig. 2} was customarily used for admitting water 
into steam boilers [3]. It has been pointed out in the 

literature, however, that such injectors could find 

wider application in special-purpose equipment, be- 
c a u s e  of  t h e i r  s i m p l i c i t y  and r e l i a b i l i t y  of  c o n s t r u c -  
t ion .  

T h u s ,  f o r  i n s t a n c e ,  the  p o s s i b i l i t y  i s  e x a m i n e d  in 
[4, 5] of u s i n g  j e t  p u m p s  with  v a p o r - l i q u i d  i n j e c t o r s  
to supp ly  fue l  to  l i qu id  r o c k e t  m o t o r s .  

N OTA TION 

c (m/sec)--total velocity; c n and c t (m/sec)-normal and tangential 
velocity components; u (m/sec)--eomponent of vapor velocityparallel 
to liquid velocity; v (m/sec)--component of vapor velocity perpendicu- 
lar to liquid velocity; p (kg/ma)-density; p (N/m2)-static pressure 
PO (N/m2)-stagnation pressure; i (j/kg)-enthalpy per unit mass: q(j/kg)- 
amount of heat removed from unit mass of liquid; u of vapor 
density to liquid density; g~angle between direction of stream ahead 
of condensation shock and condensation surface; 6-angle through which 
flow is deviated from its original direction, Subscriptl refeis to quanti- 
ties describing the vapor phase, and subscript 2- to  quantities describing 
the liquid phase, 
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