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We p r e s e n t  c e r t a i n  e x p e r i m e n t a l  da t a  on the  p a r a m e t e r s  of the  d i s p e r s e d - a n n u l a r  f low of a 
v a p o r - w a t e r  m i x t u r e ;  t h e s e  da ta  have  been  d e r i v e d  wi th  a tube  18 m m  in d i a m e t e r ,  3 m in 
length,  and fo r  the  fo l lowing  r a n g e  of v a r i a t i o n s  in the  b a s i c  p a r a m e t e r s :  the  weight  v e l o c i -  
t i e s  v a r i e d  f r o m  145 to 400 k g / m  2 - s e c ;  the  p r e s s u r e s  v a r i e d  f r o m  9.8 to 49 N/era2; and f i -  
na l ly ,  the  v a p o r  con ten t  v a r i e d  f r o m  0 to  0.5.  We d e r i v e d  r e s u l t s  on f i l m  t h i c k n e s s ,  the  
b o u n d a r i e s  of e x i s t e n c e  fo r  a d i s p e r s e d - a n n u l a r  f low r e g i m e ,  the  p r e s s u r e  g r a d i e n t ,  and 
the  v o l u m e t r i c  v a p o r  con ten t .  

In t e r m s  of s t r u c t u r e ,  a d i s p e r s e d - a n n u l a r  flow r e p r e s e n t s  the  f l o w -  t h rough  the  c e n t r a l  p o r t i o n  of 
a t u b e -  of a g a s  o r  v a p o r  p h a s e  con ta in ing  l iqu id  d r o p l e t s ,  t o g e t h e r  wi th  an a n n u l a r  l iqu id  f i l m  mov ing  a long 
the  wa l l .  We  have  an exchange  of hea t  b e t w e e n  t h e s e  two r e g i o n s ,  in add i t i on  to the  t r a n s f e r  of m o m e n t u m  
and m a s s .  

T h e  unique f e a t u r e s  of the  h y d r o d y n a m i c  and hea t  t r a n s f e r  which  a r e  m a n i f e s t e d  in the  d i s p e r s e d -  
a n n u l a r  f low of a t w o - p h a s e  m i x t u r e  a r e  a s s o c i a t e d  to  a c o n s i d e r a b l e  ex ten t  wi th  the  p h a s e  d i s t r i b u t i o n  o v e r  
the  c r o s s  s e c t i o n  of the  v a p o r - g e n e r a t i n g  c h a n n e l .  The  t h e o r e t i c a l  s o l u t i o n s  p r o p o s e d  in r e c e n t  y e a r s  a r e  
b a s e d  on h y p o t h e s e s  which  canno t  p r e s e n t l y  be  p r o v e d .  In th i s  connec t ion ,  the  d e r i v a t i o n  of e x p e r i m e n t a l  
r e s u l t s  i s  e x t r e m e l y  i m p o r t a n t .  

We s t u d i e d  the  b o u n d a r i e s  fo r  the  e x i s t e n c e  of a d i s p e r s e d - a n n u l a r  f low r e g i m e  on a l o w - p r e s s u r e  
t e s t  s tand;  we m e a s u r e d  the  t h i c k n e s s  of the  l iqu id  f i lm,  the  t r u e  v o l u m e t r i c  v a p o r  con ten t  in the  r e g i o n  
a t  the  wal l ,  and  a l s o  the  l eng th  of the  h y d r o d y n a m i c - s t a b i l i z a t i o n  s e g m e n t ,  t h i s  quan t i t y  b e i n g  d e t e r m i n e d  
f r o m  the  t h i c k n e s s  of the  l i qu id  f i l m .  A l l  of the  t e s t s  w e r e  conduc ted  wi th  a v a p o r - w a t e r  m i x t u r e ,  

The  t e s t  s e c t i o n  c o n s i s t e d  of a s t a i n l e s s - s t e e l  tube  wi th  a 22 x 2 d i a m e t e r  and a l eng th  of 3000 r am.  
The  hea t ing  of the  l iqu id  and tha t  of the  w o r k i n g  s e c t i o n  w e r e  a c c o m p l i s h e d  b y  p a s s i n g  an a l t e r n a t i n g  c u r r e n t  
f r o m  OSU-80 t r a n s f o r m e r s  t h r o u g h  the  tube .  The  p o w e r  was  r e g u l a t e d  by m e a n s  of AOMK a u t o t r a n s f o r m -  
e r s .  The  h e a t e r  m a d e  i t  p o s s i b l e  to supp ly  the  w o r k i n g  s e c t i o n  wi th  h e a t e d  w a t e r  o r  wi th  a h e a t e d  m i x t u r e  
exh ib i t i ng  a s p e c i f i e d  v a p o r  con ten t  by  we igh t .  The  l eng th  of the  h e a t e d  s e c t i o n  could  be  a l t e r e d  by  mov ing  
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Fig .  1. Length of the s tab i l i za t ion  sec t ion  (ram), 
th ickness  of the f i lm in the d i s p e r s e d - a n n u l a r  flow (a shows x - 0.03- 
0.043; b shows x = 0.075-0.108; c shows x = 0.155-0.178) for  va r ious  
g r a v i m e t r i c  vapor  contents:  1) 370 kg/h; 2) 300 kg/h; 3) 240 kg/h.  
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Fig .  2. Ci rcu i t  for  the p robe  to m e a s u r e  f i lm 
th ickness :  1) expe r imen ta l  sect ion;  2) ZG-11 
sound-pulse  gene ra to r ;  3) N-700 loop osc i l l o -  
graph; 4) m e a s u r i n g  ampl i f i e r ;  5) S1-18 os-  
c i l lograph;  6) l i m i t e r  diodes;  7) PST-100 coun- 
t e r .  

spec i a l l y  des igned c u r r e n t  conductors .  The stand was 
des igned so as to p e r m i t  changing the expe r imen ta l  s e c -  
t ion f rom a f r ee  space  - when moving the d i s t i l l a t e  f rom 
the condense r  to the pump t a n k -  to a flowthrough s e c -  
t ion - when moving the d i s t i l l a t e  d i r e c t l y  f rom the con-  
dense r  to the pump inlet .  A constant  flow r a t e  within 
a given r e g i m e  is  main ta ined  by means  of manual ly  
opera ted  va lves  in s t a l l ed  ahead of the hea t e r  and at the 
outlet  f r om the working sect ion.  The p a r a m e t e r s  v a r i e d  
over  the following l imi t s :  the flow ra t e  ranged f rom 
140 through 700 k g / h ;  the p r e s s u r e  at the outlet f rom 
the expe r imen ta l  sec t ion  v a r i e d  f rom 1 to 5 a tm abs; 
the g r a v i m e t e t r i c  vapor  content ranged  as high as  0.5. 

The data in the l i t e r a t u r e  on the t r ans i t ion  bound- 
a r i e s  between va r i ous  flow r e g i m e s  in v a p o r - l i q u i d  mix-  
t u r e s  a r e  exceedingly  few in number  [1-4], and they en- 
c om pa s s  an inadequate range  of va r i a t i ons  in the bas ic  
p a r a m e t e r s .  The exis t ing r e s u l t s  have been de r ived  
p r i m a r i l y  f rom a i r - w a t e r  m i x t u r e s .  In developing the 
ana ly t i ca l  model  of the h e a t - t r a n s f e r  c r i s e s  in a d i s -  
p e r s e d - a n n u l a r  flow it became  n e c e s s a r y  expe r imen ta l ly  
to de t e rmine  the boundar ies  for  the reg ions  within which 
this f o rm  of flow could exis t .  These  de te rmina t ions  
were  accompl i shed  by means  of an e l ec t r i c  r e s i s t a n c e  
p robe  connected to an osc i l log raph  whose s c r e e n  showed 
the vol tage  pu l ses  co r r e spond ing  to the va r ious  phase s .  

The boundary of the t r ans i t i on  f rom the d i s p e r s e d - a n n u l a r  r e g i m e  to the d i s p e r s e d  r e g i m e  was de t e rmined  
by se t t ing up the probe  at a d i s t ance  of 0.02-0.03 mm f r o m  the tube wal l .  When the ave rage  f i lm th ickness  
r e ached  this  magnitude,  a l l  f u r the r  i n c r e a s e  in power  was s topped to avoid the onset  of the h e a t - t r a n s f e r  
c r i s e s  a s s o c i a t e d  with the dry ing  out of the fi lm, and we ca lcu la ted  the vapor  content x b co r re spond ing  to 
th is  power .  At wa te r  flow r a t e s  up to 300 k g / h  the de te rmina t ion  of the boundary  of t r ans i t i on  to the d i s -  
p e r s e d  flow was accompl i shed  under  i s o t h e r m a l  condi t ions .  Heat  was not d i r ec t ed  into the working section,  
s ince  the power  of the h e a t e r  was suff icient  to achieve  the l imi t  vapor  content.  Expe r imen t s  involving hea t -  
ing in the working sect ion y ie lded  the same  r e s u l t s  with r e s p e c t  to the l imi t  vapor  content.  At g r e a t e r  flow 
r a t e s  the boundary  was a lways  de t e rmined  with a flow of heat  both to the h e a t e r  and to the working sect ion.  
We a l so  inves t iga ted  the effect of the hea ted  length of the sec t ion  on the boundary of t r ans i t i on  to d i s p e r s e d  
flow. The m e a s u r e m e n t  r e s u l t s  a r e  shown in Table  1, With a reduct ion  in the length of the heated sect ion 
this  boundary,  in acco rdance  with the ba lance  equation~ shif ts  in the d i rec t ion  of lower  g r a v i m e t r i c  vapor  

contents  
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F i g .  3. A v e r a g e  f i l m  t h i c k n e s s  (mm) in the  d i s p e r s e d - a n n u l a r  flow 
of a v a p o r - w a t e r  m i x t u r e  in a tube  with  a d i a m e t e r  of 18 m m  at a 
p r e s s u r e  of 1-2  a r m  a b s  a s  a func t ion  of the  g r a v i m e t r i c  v a p o r  c o n -  
ten t :  1) G = 142 kg/h;  2) 200 kg/h;  3) 238 kg/h;  4) 300 kg/h;  5) 360 
kg/h; 6) 375 kg /h .  

F ig .  4. C o m p a r i s o n  fo r  e x p e r i m e n t a l  f i l m  t h i c k n e s s e s  wi th  the  t h e -  
o r e t i c a l  v a l u e s  f o r  Re  = 300. 

where x I is the vapor content determining the onset of the dispersed-annular flow regime. The quantity xt 

is in good agreement with the Wallis formula [5], which has been tested in special experiments. 

To measure the length of the hydrodynamic-stabilization segment in the dispersed-annular regime at 

various distances from the probe by means of which we measure the film thickness, we set up a turbulizer 

to stir the flow into a homogeneous mixture. The onset of stabilization was associated with the attainment 

of a constant film thickness. The dispersed-annular flow ahead of the turbulizer was designed to produce 

a mixture in the heater. All of the measurements were performed under adiabatic conditions. The results 

of these studies are shown in Fig. i, from which it is evident that the length of the hydrodynamic-stabiliza- 

tion segment falls within the limits (50-I00)//d. The heat-transfer crises data and the data on the transfer 

of heat to two-phase mixtures, derived with tubes shorter than 100d, should be treated as the results for a 

hydrodynamically nonsteady film flow regime. 

In particular, references [6-9] are devoted to a study of the hydrodynamic relationship in a system in- 

cluding the turbulent core of the gas and the liquid film at the tube wall, with the friction at the boundary of 

phase separation determining the velocity profile in the liquid phase. 

The authors of [6-8] assumed a certain velocity profile in the film to determine its thickness, its flow 

rate, and the friction at the surface of phase separation. 

Tippets [9] analyzed the flow stability in the film by the method of small perturbations for the potential 

flow. Idealized sinusoidal waves were examined at the separation boundary, while viscous friction was not 

taken into consideration. The liquid flow regime was assumed to be one of developed turbulence, whose 
c h a r a c t e r i s t i c s  a r e  d e t e r m i n e d  f r o m  P r a n d t l  t h e o r y .  F u r t h e r  d e v e l o p m e n t  fo r  the  a n a l y t i c a l  me thod  can  
be  found in [10-13] .  In m o s t  of the  s o l u t i o n s  the  a c c e l e r a t i o n  and the  t r a n s f e r  of m a s s  a t  the  b o u n d a r y  of 
p h a s e  s e p a r a t i o n  a r e  n e g l e c t e d .  

In the  a r t i c l e  by  Lev i  [13] the  e x p r e s s i o n  fo r  the  d e t e r m i n a t i o n  of f i l m  t h i c k n e s s  was  d e r i v e d  with  
c o n s i d e r a t i o n  of the  p r e s s u r e  d r o p  a s s o c i a t e d  wi th  a c c e l e r a t i o n  and with  c o n s i d e r a t i o n  of m a s s  t r a n s f e r .  
T h e  da ta  of [201 a r e  u s e d  f o r  the  d e t e r m i n a t i o n  of the  funct ion  

F (P' - -  Pc) ~c(Wc--  ~ f  ) ' 

a s s o c i a t i n g  the  t a n g e n t i a l  s t r e s s  at  the  b o u n d a r y  of the  l iqu id  f i l m  wi th  the  c o r e  of the  f i l m  and the  r e l a t i v e  
f i ! m  t h i c k n e s s .  The  func t ion  F ( 5 / ~ )  i s  found f r o m  the  m e a s u r e d  v a ! u e s  of dp/dz  and 5. The  m a g n i t u d e  of 
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T A B L E  2.  

B a s e d  on  t h e  E x p e r i m e n t a l  D a t a  f o r  a V a p o r - W a t e r  M i x t u r e  

Expt. 
No. 

kg/m 2. 
~ C  

145,0 
145,0 
145,0 
218,7 
218,7 
218,7 
260,7 
260,7 
260,7 
260,7 
260,7 
328,1 
328,1 
328,1 
328,1 
328,1 
328,1 
395,3 
395,3 
395,3 
395,3 
406,5 
406,5 
406,5 

C h a r a c t e r i s t i c s  of t h e  D i s p e r s e d - A n n u l a r  F l o w  R e g i m e  

q.lO -~, 

kcal/rn2-h 
X1 

O,054 
O,O54 
0,054 
0,046 
0,046 
0,046 
0,040 
0,040 
0,040 
0,040 
0,040 
0,030 
0,030 
0,030 
0,030 
0,030 
0,030 
0,031 
0,031 
O, 031 
0,031 
0,032 
0,032 
0,032 

x o u t  

0,054 
0,081 
0,105 
0,031 
0,069 
0,118 
0,014 
0,043 
0.067 
0,102 
0,416 
0,030 
0,051 
0,071 
0,087 
0,206 
0,309 
0,033 
0,075 
0,203 
0,257 
0,032 
0,111 
0,191 

in(ws) 
kg/cm 2 

1,12 
1,14 
1,20 
1,17 
1,22 

1,17 
1,22 
1,30 
1,43 
2,45 
1,27 
1,34 
1,41 
1,49 
2,05 
2,51 
1,32 
1,49 
2, 35 
2,79 
1,33 
0,86 
2,41 

AP 4 �9 I0 , 
(g/crn2 ! 
- c r n  

3,13 
3,27 
4,23 
3,60 
4,25 
5,03 
5,82 

13,33 
5,40 
5,88 
6,56 
7,02 

10,85 
13,00 
5,10 
7,50 
7,55 

E 

6, IT1123 

0,405 
0,175 
0,035 
1,08 
0,260 
0,150 
1,1 
0,355 
0,205 
0,115 
0,035 
0,475 
0,275 
0,150 
0,115 
0,070 
0,055 
0,52 
0.16 
0:065 
0,050 
O. 365 
0:235 
0,095 

0,085 
0,105 
0,136 
0,105 
0,141 
0,195 
0,116 
0,152 
0,180 
0,228 
0,566 
0,188 
0,206 
0,228 
0,253 
0,422 
0,562 
0,209 
0,288 
0,512 
0,644 
0,226 
0,373 
0,533 

m 

m 

0,727 
0,886 
0,944 
0,714 
0,874 
0,923 
0,958 
0,996 
0,837 
0,894 
0,928 
0,954 
0,988 
0,995 

the slip, i.e., the ratio of the average gas and liquid velocities, for the case in whichy'/7" = 1-200, is ap- 

proximated by the expression s = w"/w' = (7i/7") i/3. The exponent (1-/3) was chosen to achieve good agree- 

ment with the experimental data. 

In [14] an analytical expression was also found for the film thickness as a function of the pressure 

gradient. References [15, 16] are devoted to the experimental study of problems associated with film thick- 

ness and pressure gradients in two-phase water- air systems. There are few simultaneous measurements 

of film thicknesses and pressure gradients [17, 18] for vapor-liquid systems. 

When we measured the thicknesses of the liquid films at various flow rates for the mixture and at 

various vapor contents we used an electric probe mounted at the end of the working section, beyond the 

heating zone. The probe was designed to permit its displacement along the tube radius, with a controlled 

accuracy of 0.005 ram. Figure 2 shows the manner in which the probe was connected into the measuring 

circuit. Its basic elements include the sound-pulse generator which transmits ac pulses to the probe, 

the load resistance R l, a frequency filter, an amplifier, an oscillograph, and a counter with a special unit 

making it possible to receive two forms of information. 

When the capacitor C 2 is disconnected, the counter counts the number of pulses during the period in 

which the probe is in contact with the liquid. The ratio of this contact time Ti_ ~ to the total counting time 

T characterizes the true local content of liquid at the point of the probe. The ratio of the time ~'(fl, when 

there is no contact with the liquid (the vapor phase), to the counting time will be approximately equal to the 

true vapor content ~ of the mixture at that point. 

When the capacitor C 2 is connected, the counter counts the number of contacts made by the probe with 

the film, thus giving some indication as to the wave structure of the film's surface layer. The circuit pro- 

vides for the recording of the pulses on a loop oscillograph. For the average film thickness we assumed 
the distance between the probe and the wall at which the relative time of contact between the probe and the 

film amounted to 50%. 

Figure 3 shows the film-thickness data as a function of the gravimetric weight content x for various 

mixture flow rates which, in logarithmic coordinates, are discharged by a single function. This apparently 

suggests that the effect of the over-all flow rate of the mixture manifests itself twice. On the one hand, at 

large liquid flow rates thicker films should develop at the inlet, given the same vapor content at the point 
of measurement; on the other hand, high velocities for the vapor phase, corresponding to large flow rates, 

results in more substantial entrainment of the liquid from the film to the core. It is probable that these 
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two p r o c e s s e s  of f se t  each  o t h e r  to s o m e  ex ten t .  
f i l m  i s  a p p r o x i m a t e l y  i n v e r s e l y  p r o p o r t i o n a l  to  the  v a p o r  con ten t .  

The  a v e r a g e  v a p o r  con ten t  in the  c r o s s  s e c t i o n  i s  found f r o m  the  e x p r e s s i o n  

R 
[ ~prdr 

q~ - -  R 

~ rdr 
0 

We s e e  f r o m  F i g .  3 tha t  the  a v e r a g e  t h i c k n e s s  of the  l iqu id  

(i) 

The  p r e s s u r e  g r a d i e n t  was  m e a s u r e d  at  the  m i d d l e  of the  w o r k i n g  s e c t i o n .  The  p r e s s u r e  was  s a m p l e d  
t h r o u g h  two h o l e s  600 m m  a p a r t .  The  p r e s s u r e  d i f f e r e n c e  was  t r a n s m i t t e d  to  s t r a i n  g a u g e s  whose  e l e c t r i c a l  
p u l s e  was  r e c o r d e d  on a loop o s c i l l o g r a p h .  

The  e x p e r i m e n t a l  da ta  on the  m e a s u r e m e n t  of f i l m  t h i c k n e s s ,  v o l u m e t r i c  v a p o r  conten t ,  and  p r e s s u r e  
g r a d i e n t s ,  d e r i v e d  t h r o u g h  m e a s u r e m e n t s  in a tube  wi th  a d i a m e t e r  of 18 ram, a r e  shown in T a b l e  2. 

The  r e s u l t s  f r o m  the  m e a s u r e m e n t s  of the  f i l m  t h i c k n e s s  w e r e  c o m p a r e d  wi th  the  t h e o r e t i c a l  da ta  on 
the  b a s i s  of the  f o r m u l a s  p r o p o s e d  by  K i r i l l o v :  

fo r  l a m i n a r  f i l m  f low 

5 _ ~ (1 - -  x) 

R i--~ (I-- x) 

f o r  t u r b u l e n t  f i l m  f low 

,' tT-i  
(2) 

+0.353 ,r 08,3 ]0,3,5 
- 1 - , O - x )  7 ~  \ , t ' J  " (3) 

T h e  c a l c u l a t i o n s  w e r e  p e r f o r m e d  in t h r e e  v a r i a n t s :  

1) in the  a s s u m p t i o n  of l a m i n a r  f i l m  f low and p u r e l y  a n n u l a r  f low, i . e . ,  in  the  a b s e n c e  of l iqu id  en -  
t r a i n m e n t  to  the  c o r e  (~b = 1); 

2) in the  a s s u m p t i o n  of l a m i n a r  f low ~ ~ 1; 

3) in the  a s s u m p t i o n  of t u r b u l e n t  f low ~b ~ 1. 

C o n s i d e r a t i o n  of e n t r a i n m e n t  was  a c c o m p l i s h e d  on the  b a s i s  of the  C h e a r e r  and  N e d d e r m a n  m e t h o d  
[14], a c c o r d i n g  to  which  the  quan t i t y  ~ can  be  c a l c u l a t e d  f r o m  the e x p e r i m e n t a l  da ta  on f i l m  t h i c k n e s s e s  and 
p r e s s u r e  g r a d i e n t s .  The  a u t h o r s  of [14], on the  b a s i s  of a n u m b e r  of s i m p l i f y i n g  a s s u m p t i o n s  and u s i n g  the 
u n i v e r s a l  v e l o c i t y  p r o f i l e  in the  f i lm,  p r o p o s e d  a g r a p h  fo r  the  c a l c u l a t i o n  of the  l iqu id  f low r a t e  in the  f i l m .  
T h e  c a l c u l a t i o n s  fo r  the  a n n u l a r  m o d e l  of the  f low (r = 1) d e m o n s t r a t e d  the  u n s a t i s f a c t o r y  a g r e e m e n t  wi th  
e x p e r i m e n t .  T h e  t h e o r e t i c a l  q u a n t i t i e s  fo r  the  t h i c k n e s s e s  w e r e  a p p r o x i m a t e l y  double  t h o s e  of the  e x p e r i -  
m e n t a l  da t a .  C o n s i d e r a t i o n  of e n t r a i n m e n t  t h rough  u s e  of the  r e s u l t s  f r o m  [14] c o n v e r s e l y  l e d  to an u n d e r -  
s t a t e m e n t  of the  t h e o r e t i c a l  q u a n t i t i e s .  

C o n s i d e r i n g  the  e n t r a i n m e n t  of the  l iqu id  f r o m  the f i l m  in a c c o r d a n c e  wi th  the  m e t h o d  p r o p o s e d  in [19] 
c a u s e s  the  v a l u e s  of ~ t aken  f r o m  the g r a p h  in th i s  p a p e r  to be  o v e r s t a t e d  a p p r o x i m a t e l y  by  25% in c o m p a r i -  
son  wi th  the  e x p e r i m e n t a l  da t a  [15]. B a s e d  on th i s  c o r r e c t i o n  f a c t o r ,  the  c a l c u l a t e d  f i l m  t h i c k n e s s e s  a r e  
in s a t i s f a c t o r y  a g r e e m e n t  wi th  our  e x p e r i m e n t a l  da ta ,  and in the  e a s e  of the  g r e a t e r  t h i c k n e s s e s  - c o r r e -  
spond ing  to  l o w e r  v a p o r  c o n t e n t s  and  v e l o c i t i e s  - f o r m u l a  (3) y i e l d s  b e t t e r  a g r e e m e n t  fo r  t u r b u l e n t  f i lm,  
wh i l e  in the  e a s e  of s m a l l e r  t h i c k n e s s e s  f o r m u l a  (2) y i e l d s  b e t t e r  a g r e e m e n t  fo r  l a m i n a r  f low (Fig .  4). The  
t e n t a t i v e  v a l u e  f o r  the  c r i t i c a l  R e y n o l d s  n u m b e r  i s  

Recr = - -  = 300 --  400. 
~2 

Xb 

xl 

NOTATION 

is the vapor content corresponding to the boundary of transition from the dispersed-annular to 
the dispersed flow regime; 

is the vapor content corresponding to the boundary of transition from the plug-type to the dis- 
persed-annular flow; 
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d, R, and l 
F 
r 

5 
T 

p' 

Pc 
We 
~f 

Gf 
G 
G' 

= Gf/G' 

are ,  respec t ive ly ,  the d iameter ,  the radius,  and the length of the working sect ion of the tube; 
ls the c r o s s - s e c t i o n a l  a rea ;  

the 
the 
the 
the 
the 

1S 

1S 

1S 

1S 

1S 

is the 
is the 
is the 
is the 
is the 
is the 
is the 

heat of vapor  format ion,  and the instantaneous radius  of the tube; 
f i lm thickness;  
shea r  s t r e s s  at the wall, and t ime;  
densi ty of the liquid phase;  
densi ty of the d i spe r sed  core;  
a v e r a g e  veloci ty  in the flow core;  
ave r age  ve loc i ty  in the film; 
t rue  vo lumet r i c  vapor  content; 
liquid flow ra te  in the film; 
flow ra te  of the mixture ;  
flow ra te  of the liquid phase;  
f rac t ion  of the liquid flow ra te  flowing in the f i lm.  
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