
12. L . S .  Bobe and V. A. Soloukhin, Teplo~nerget ika ,  No. 9 (1972). 
13. L . D .  Be rman  and S. N. Fuks ,  Teplo~nerget ika ,  No. 8 {1958). 
14. A. G e y s e r ,  C h e m . - I n g . - T e c h . ,  No. 3 (1956). 

C R I T I C A L  D I S C H A R G E  O F  A S P O N T A N E O U S L Y  

E V A P O R A T I N G  L I Q U I D  F R O M  C Y L I N D R I C A L  C H A N N E L S  

V.  A .  Z y s i n ,  1~. L .  K i t a n i n ,  
a n d  F .  R .  L a t y p o v  

UDC 532.542:536.423.1 

A method is  p roposed  for  the calculated de te rmina t ion  of the c r i t i ca l  p r e s s u r e  in the d ischarge  
of a spontaneously evapora t ing  sa tu ra ted  liquid through cyl indr ica l  channels .  The resu l t s  of 
the calculat ion a r e  compared  with expe r imen ta l  data .  

The d i scharge  of adiabat ical ly  e f fe rvesc ing  s t r e a m s  through channels of constant  c r o s s  sect ion at large 
longitudinal p r e s s u r e  gradients  is  of cons iderab le  p rac t i ca l  in te res t  fo r  a wide c i r c l e  of p rob lems  of modern  
technology. In this c a s e ,  as  a ru le ,  the p r e s s u r e  drop exceeds  the c r i t i ca l  value.  The re la t ionships  of the 
c r i s i s  phenomena in spontaneously evapora t ing  s t r e a m s  a re  very  compl ica ted.  Depending on the geome t r i ca l  
c h a r a c t e r i s t i c s  and the ini t ial  p a r a m e t e r s  of the liquid the t rue  flow ra tes  vary  within wide l imits:  f rom a 
value cor responding  to i sen t rop ic  d i scharge  to flow r a t e s  cor responding  to the case  of the d i scharge  of a non- 
e f f e rvesc ing  liquid. As a resu l t ,  a l l  the design recommenda t ions  have a pa r t i cu l a r  na ture ,  as a ru le ,  and a re  
not subject  to genera l iza t ion  [1, 2]. 

Below we propose  a method fo r  calculat ing the c r i t i ca l  s ta te  of a spontaneously evaporat ing s t r e a m  during 
d i scharge  f r o m  cyl indr ica l  channels  based on the s impl i f ied the rmodynamic  model  of [3], the e s sence  of which 
comes  down to the following. 

1. The e f f e rvescence  of the s t r e a m  takes  place only at the "channel walls and the penetra t ion of the vapor  
into the core  of the s t r e a m  takes  place only through the movemen t  of bubbles fo rmed  in the boundary layer .  

2. The p e r i p h e r a l  (boundary) s t r e a m  is in equi l ibr ium and mechan ica l  and t he rma l  phase  sl ippage is  
absent  f r o m  it. 

3. A jet  of superhea ted  (metastable)  liquid whose t e m p e r a t u r e  is taken as constant  moves  in the center .  
Thus ,  the motion of two one-d imens iona l  concur ren t  s t r e a m s  is  analyzed.  

If one neglects  the effect  of f r ic t ional  fo rces  at the channel wal ls ,  a s t r e a m  in a channel of constant  c r o s s  
sec t ion  is desc r ibed  by the s y s t e m  

p11171f I + p.aW2f.z = (I)o, (1) 

Po + ooWo ~ =P + i__ (p~w~)v, + _ i  (p~w~) ~ g, 
p, P~ 

ho + -  U % =  h, + rx + - V 

As shown in [2], the veloci ty of the cen t ra l  me tas tab le  s t r e a m  is de te rmined  by the equation 

V 2 ( P o - -  P) 
W~= p, , 

while the m a s s  veloci ty  ~'2 is  equal to P2W2. 

(2) 

(3) 

(4) 
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Fig. I. Comparison of experimental results on water 
with data of simplified thermodynamic model based on 
Eqs. (1)-(3) (a) and correlation curves of convergence 

of experimental and theoretical data with allowance 
for additional factors in initial calculating model (b): 
1) exper imen ta l  data of [5] ( l / d  -- 9.100); 2) [9] ( l / d =  
34); 3) [10] ( l / d =  9.625); 4) [11] ( l / d  = 9); 5) [12] 
( l / d =  30); 6) [13] ( l / d  = 100); 7) our  exper imenta l  data 
with d i scharge  into a vacuum ( l / d =  34). The points 
designated by c i r c l e s  per ta in  to channels with smooth  
en t rances  while those with shor t  l ines per ta in  to 
channels  with l / d  > 4 0 .  P,  MPa.  One should read  
0.4, 0.6, 0.8 ffrom bottom to top) along the axis 

ficr, exp/f lcr ,  theor .  

The veloci ty  and densi ty of the pe r iphe ra l  vapor-- l iquid  s t r e a m  a re  found as follows: 

1171 = • 2Ahs, (5) 

Vp" (6) 
p" Tx(V--V') 

The s y s t e m  of equations (1)-(3) uniquely de te rmines  the s ta te  of the s t r e a m  r e g a r d l e s s  of the nature  of 
the mechanica l  in terac t ion  between the concur ren t  je t s .  T h e r e f o r e ,  if one ass igns  the s ta te  of the liquid before  
the channel f r o m  which the d ischarge  occu r s ,  one can de te rmine  all the p a r a m e t e r s  of each of the concur ren t  
je ts  in the channel c r o s s  sect ion where the p r e s s u r e  equals P. 

Exper ience  shows that the cutoff of spontaneously evaporat ing s t r e a m s  during d ischarge  f rom cyl indr ica l  
channels takes  place  with the condition [4, 5] 

P c <  Pcrs 
P~ - ~ 0  = ~cr" (7) 

Fu r the r ,  it has been es tabl ished that  in the d i scharge  of a sa tura ted  liquid through cyl indr ical  channels 
the flow ra te  is de te rmined  by the equation [6] 

6 ~- ~F V 2 (P; - -  Pets ) P' �9 (8) 

Thus ,  in the region of  the channel  where P e r  <- p < P c r s  the p e r i p h e r a l  vapor-- l iquid jet  must  move 
with supe re r i t i e a l  veloci ty ,  inc reas ing  i ts  c ro s s  sec t ion ,  while the cen t ra l  jet  d e c r e a s e s  its c r o s s  sect ion:  

df~ < 0 ,  dr1 > O. (9) 
dP dP 

A c r i s i s  se ts  in when 

dr, = d:, . (10) 
! d P I  dP 

In fac t ,  if  one a s s u m e s  the possibi l i ty  of expansion into the region of P < P c r ,  then the signs of the 
inequal i t ies  (9) change.  This  is physical ly  imposs ib l e ,  s ince it would requ i re  the condensation of the p e r i -  
phera l  je t  on the cen t ra l  metas tab le  jet .  

The avai lable  exper imen ta l  data on the c r i t i ca l  p r e s s u r e  ra t io  ticr in the d i scharge  of sa tura ted  water  
through cyl indr ica l  channels of different  re la t ive  lengths with rounded and sha rp  ent rance  r ims  a r e  p resen ted  
in Fig. l a .  Curve I,  cha rac t e r i z ing  the value of ticr calculated by the method descr ibed  above,  is a lso  plotted 
here .  As we can see ,  this curve ,  while in quali tat ive ag reemen t  with the exper imenta l  data ,  s t i l l  gives o v e r -  
s tated values  of tier. In Fig. l b  curve  I de te rmines  the ra t io  of the calculated and exper imenta l  values of tier. 
F u r t h e r m o r e ,  the p r e s s u r e  losses  at  the entrance to a channel with a sha rp  r i m  were  taken into account by the 
well-known method [7]. Curve II in Fig. lb  co r re sponds  to this t r e a tmen t .  As we can see ,  the d i s ag reemen t  
between the calcula ted and exper imen ta l  data was reduced and the s c a t t e r  of the points per ta ining to channels 
with di f ferent  en t rance  g e o m e t r i e s  was dec rea sed .  
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The remain ing  d i s a g r e e m e n t  can be explained by the fact  that  the effect  of the fr ic t ion of the s t r e a m  
a g a i n s t t h e  wall  has  not yet  been taken into account.  In the given case  the re  is  a h igh-veloci ty  two-phase  
s t r e a m  with a la rge  longitudinal p r e s s u r e  gradient .  The method of calculat ion of f r ic t ional  losses  has not 
been developed for  these  condit ions.  As a f i r s t  approximat ion  we calculated flcr (curve HI) with an e s t ima te  
of the f r ic t ional  losses  by the method of [8], t es ted  for  nongradient  flows. In the given case  the f r i c t iona l  
losses  were  evidently ove r s t a t ed .  However ,  the depar tu re  f r o m  the ave rage  expe r imen ta l  values  does not 
exceed 5%, while the re la t ive  d i s a g r e e m e n t  between the exper imenta l  data of the inves t iga tors  does not exceed 
8%. 

N O T A T I O N  

p,  densi ty;  w ,  velocity;  f ,  re la t ive  c r o s s - s e c t i o n a l  a r e a  of one of the component  je ts ;  h, enthalpy; 
Ahs,  i sen t rop ic  enthalpy drop in the p r e s s u r e  in te rva l  P0 - -  P; x, degree  of d ryness  cor responding  to i s en -  
t ropic  expansion in the p r e s s u r e  in te rva l  P0 - -  P; r  m a s s  velocity;  P,  s t a t i s t i ca l  p r e s s u r e  in a given chan-  
nel c r o s s  section;  Pe,  ex t e r i o r  p r e s s u r e ;  P c r s ,  f inal c o u n t e r p r e s s u r e  at which max imum flow ra te  through 
channel  is  reached  --  c r i t i ca l  p r e s s u r e  with i sen t rop ic  expansion; P*,  stagnation s t r e a m  p r e s s u r e ;  F,  c r o s s -  
sec t iona l  a r e a  of channel;  ~, f l o w - r a t e  coeff icient .  Indices:  0, init ial  p a r a m e t e r s  of s ta te  of s t r e am;  1, p e r i -  
phera l  vapor- - l iquid  s t r e a m ;  2, cen t r a l  superhea ted  liquid jet; ' and ",  liquid and vapor  phase s ,  respec t ive ly .  
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