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Results of experimental investigations of the friction losses in the 
motion of air-water and viscous air-solution mixtures in vertical cir- 
cular tubes at low pressure are presented. Formulas are given for 
calculating friction losses in the range of test parameters investigated. 

The a n a l y t i c a l  and e x p e r i m e n t a l  s tudy of the  h y d r o -  
d y n a m i c s  of t w o - p h a s e  m i x t u r e s  is  a v e r y  comple x  
p r o b l e m .  At low p r e s s u r e ,  when the p r o c e s s  t a k e s  on 
a f luc tuat ing  c h a r a c t e r ,  the  p r o b l e m  is even m o r e  
compl i ca t ed .  So f a r ,  the ch ie f  me thod  of s tudy of two-  
phase  m e d i a  has  been  e x p e r i m e n t  and i t s  t h e o r e t i c a l  
b a s i s ,  s i m i l a r i t y  t heo ry .  

A t t e m p t s  have been  m a d e ,  however ,  to sub jec t  e e r -  
t a in  t ypes  of t w o - p h a s e  flow to an o r d e r l y  a n a l y t i c a l  
s tudy.  A r m a n d  and Kuta t e l adze  independent ly  p e r -  
f o r m e d  s tud ies  of the flow of a m i x t u r e  with a l iquid  
f i lm.  Shvab and Konstant inov [1] have examined  the 
c a s e  of s lug  flow. 

We sha l l  dwel l  in m o r e  de t a i l  on the h y d r o d y n a m i c  
p i c t u r e  of t w o - p h a s e  flow in a c i r c u l a r  v e r t i e l e  tube ,  
as  r e l a t e d  to the ope ra t i ng  condi t ions  of e v a p o r a t o r s  
and v a p o r i z e r s  in the s u g a r  indus t ry .  At low p r e s s u r e  
s m a l l  r e d u c e d  and r e l a t i v e  gas  v e l o c i t i e s  ( 1 - 1 . 5  
m/ sec )  c o r r e s p o n d  to s lug type  mo t ion  in t w o - p h a s e  
flow; c o r e - t y p e  mo t ion  is o b s e r v e d  only at c o n s i d e r -  
ab le  r e d u c e d  gas  v e l o c i t i e s ,  on the o r d e r  of 1 0 - 1 5  
m / s e e .  

A c c o r d i n g  to ou r  c a l c u l a t i o n s ,  the  e v a p o r a t e r s  
u s e d  in the  s u g a r  i ndus t ry  o p e r a t e  at  r e d u c e d  v a p o r  
v e l o c i t i e s  in the r ange  0 - 3 0  m / s e c  in evapo ra t i ng  low- 
and h i g h - v i s c o s i t y  so lu t ions .  In t hese  condi t ions  i t  i s  
p o s s i b l e  to have ,  in a s ing le  s ec t i on  of tube ,  the  
a l t e r n a t e  t r a n s i e n t  ex i s t ence  of both t y p e s  of mot ion .  
In an e x p e r i m e n t a l  equ ipment ,  in the  t r a n s i t i o n  r eg ion  
be tween  the two t y p e s  of mot ion ,  we v i s u a l l y  o b s e r v e d  
a l a r g e  amount  of wave f o r m a t i o n  and u n s t e a d i n e s s  of 
the  p h a s e  s e p a r a t i o n  boundary ;  m a s s e s  of l iquid ,  
s e p a r a t i n g  f r o m  the w a l l s ,  p a r t i t i o n  off the f low,  t h e r e -  
f o r e  the s e c t i o n  a long which the gas  can  p a s s  is  r e -  
duced ,  the dynamic  head  of the gas  i n c r e a s e s ,  and the 
ga s ,  s t r i k i n g  the l iquid  m a s s e s ,  f o r c e s  t hem a g a i n s t  

Table 1 

Characteristics of the Media Investigated 

Liquid 

water 
sugar solution DS = ,51. a% 
sugar solution DS = 62% 
sugar solution DS " 68.7% 

Gas 

Air 

l ,  ~ 

30 9,76 
30 12.1 
35 12.6 
30 1:3. l 

7 

0,71 
9,25 

289 
91 ,5  

Z 

7.11 
7.41 
7. !54 
7.74 

the wall, while simultaneously changing its direction 

of motion, i. e., considerable mass transfer in the 
transverse direction is observed. The increase in 

reduced gas velocity creates a film of liquid compo- 

nent at the wall, but even at considerable velocities 
some wave formation is noticeable at the surf'ace of 

the liquid. Investigations carried out with air-water 
flows in horizontal and vertical tubes [2] showed that 

the resistance law depends on the position of the tube. 
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Fig .  1. C o r r e l a t i o n  of the  a u t h o r ' s  t e s t  
da ta  on f r i c t i o n  l o s s e s  of a i r - s o l u t i o n  
f lows in a v e r t i c a l  c i r c u l a r  tube with  
d = 0.0327 m ,  fo r  a s u g a r  so lu t ion  

APt 'hP0 'IB : = f ):  

1) with DS = 51.5%, P = 10 .5 .  1 0 4 - 1 2 . 7 .  
- 104 N/rn~; 2) r e s p e c t i v e l y ,  51.5% and 
5 .5 .  104 -8 .05 .104  NAm2; 3) 62% and 
10.7 �9 104-12 .7  �9 104 N/m2; 4) 68.7% and 

ii. 4 �9 104-13. i �9 104 N/m 2. 

In the  a b o v e - m e n t i o n e d  c a s e s  the g r a v i t y  f o r c e s  have 
d i f f e r en t  e f fec t s ;  in v e r t i c a l  t ubes ,  in s o m e  c a s e s ,  
they  c a u s e  r e v e r s e  f low of l iqu id ,  and in h o r i z o n t a l  
t u b e s - - f l o w  a s y m m e t r y .  The f r i c t i o n  l o s s e s  of two-  
p h a s e  f lows with a h ighly  v i s c ous  l iquid  componen t  
have  been  d e t e r m i n e d  only in a h o r i z o n t a l  tube [1]. 

With the  ob jec t  of s tudying  f r i c t i o n  l o s s e s  in two-  
p h a s e  flow in v e r t i c a l  t u b e s ,  we bu i l t  two e x p e r i m e n -  
t a l  r i g s  which d i f f e r ed  in the d i a m e t e r s  of the e x p e r i -  
m e n t a l  and s t a b i l i z i n g  s ec t i ons .  The  r i g s  f o r m e d  a 
v e r t i c a l  c i r c u i t  with n a t u r a l  c i r c u l a t i o n ,  and i t  was  
p o s s i b l e  to  s tudy the p r o c e s s  du r ing  f o r c e d  mo t ion  
of the  l iquid  component .  T h e r e  w e r e  t h r e e  p r e s s u r e  
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Liquid 

s 

Table  2 
C h a r a c t e r i s t i c s  of the T e s t s  

water  > 9 . 8 1  wator 
w a t e r  
sugar  solution 

DS = 5 1 . 5 %  > 9 . 8 1  
sugar  so lu t ion  

DS : 62% 1>9.81 
sugar  solut ion / 

D 8 = 6 8 . 7 ~  / > 9 . 8 1  
sugar  so lu t ion  / 

D S =  5 1 � 9  1<9 .81  

I I x 

4650 
15000 
15000 

460 

225 

70 

630 

t910( 
5750( 
5750( 

4410 

1360 

330 

4410 

1.27 - - 1 . 5 6  
1.22 - - 1 . 4 2  
0 .738--1 .05]  

1 . 0 1  - - 1 . 2 ~  

0.99 - - 1 . 1 8  

1.01 - -1 .17  

O, 53 - - 0 . 7 8  

1.25 22.5  33 
1.~ 30.0 12 
1. 22,5 25 

1.2 217 7,4 

1.25 137 21 

1.63 132 12.5 

2 66.6 4 2 6  

? 
730 

1470 
265 

2760 

2015 

1300 

344 

E 

0 0 1 2 2  
0.0327 
0.0327 

0.0327 

0.0327 

0.0327 

0.0327 

t ap s  in the  e x p e r i m e n t a l  s ec t ion ,  and s p e c i a l  f a s t -  
c l o s e  v a l v e s  w e r e  i n s t a l l ed  at  i t s  beginning  and end. 
The va lves  did not cause  any flow d i s t u r b a n c e  and cut  
off the flow in 0.015 sec .  The length of the s t ab i l i z i ng  
sec t ion  was l = 50d. 
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pf f ~ :  :," Fig.  2. Dependence  of ~ : ~-~,~/ ~ =[(Re') 

f o r  h o r i z o n t a l  t ubes  with P = 9 .81 -  104 N/m z, d = 
= 0 . 0 3 2 7  m: 1) fo r  F r  m = 0 . 0 4 ;  2 - - 0 . 3 3 ;  3 - -1 .4 ;  

4--4 .  

M e t h o d  o f  d e t e r m i n i n g  f r i c t i o n  l o s s e s  in  v e r t i c a l  
tubes .  T e s t s  w e r e  done in v e r t i c a l  tubes  with d = 
= 0.0327 and 0.0122 m ,  in which a i r - w a t e r  and a i r -  
so lu t ion  m i x t u r e s  w e r e  in mo t ion ,  with p r e s s u r e s  in 
the  m i d d l e  of the  e x p e r i m e n t a l  s ec t ion  of P = 5 .5  • 
• 104-13 .1  • 104 N/~n 2. The  tube  d i a m e t e r s  w e r e  
d e t e r m i n e d  by a vo lume me thod ,  and the roughnes s  
was  checked  at  the  s t a r t  and the end of  the  t e s t s .  In 
p e r f o r m i n g  the  t e s t s ,  the  t o t a l  d rop  A p  along the tube 
was m e a s u r e d  with a p i e z o m e t e r  o r  t u b u l a r  d i f f e r -  
en t i a l  m a n o m e t e r s ,  and the spec i f i c  weight  of the m i x -  
t u r e  Tm by the cutoff  method .  The  f r i c t i o n  l o s s e s  
w e r e  d e t e r m i n e d  f r o m  the equat ion 

= A P - A G c - A  (1) 

In r educ ing  the t e s t  da ta  ob ta ined  in the  l a r g e r  
tube (d = 0.0327 m) the spec i f i c  weight  was t aken  
not  a c c o r d i n g  to the  ins t an taneous  va lue  of the t r ue  
gas  content  r a t  the ins tan t  of cutoff ,  but  a c c o r d -  
ing to  the mean ;  the l o s s e s  in a c c e l e r a t i o n  w e r e  c a l -  
cu l a t ed  f rom the f o r m u l a  

APacc = u W?~ ..... fl~ - -  r ~" (1 - -  (p,) (1 - -  q)2) " (2) 

The f r i c t i o n  l o s s e s  in the s m a l l e r  tube (d = 0. 0122 m) ,  
fo r  the s a m e  vaIues  of the m a s s  flow p a r a m e t e r s ,  
we re  c o n s i d e r a b l y  g r e a t e r  than in the l a r g e r  (d = 
= 0.0327 m) tube,  and t h e r e f o r e  we though it p o s s i b l e  
to d e t e r m i n e  7m f rom the ins tan taneous  va lue  of ~o m.  
The ca l cu l a t ed  value  of the l o s s e s  in a c c e l e r a t i o n  c a n -  
not in t roduce  s e r i o u s  e r r o r s ,  s ince  APacc  did not 
exceed  2-3% of A p f  and AP w in the  condi t ions  unde r  
which the t e s t s  we re  made .  

T h e d a t a  of the t e s t a r e  p r e sen t ed  in Tab les  1 and 2. 

D i s c u s s i o n  of the  t e s t  r e s u l t s .  Exac t  a na ly t i c a l  
so lu t ions ,  which have been  deve loped  only fo r  c e r -  
ta in  r e g i m e s  of t w o - p h a s e  flow [1], a r e  e x t r e m e l y  
s c h e m a t i c ,  do not  so lve  eng inee r ing  p r o b l e m s ,  and 
do not  p e r m i t  eva lua t ion  of the d e g r e e  of inf luence of 
the b a s i c  p a r a m e t e r s  on the flow f r i c t i o n  and r e l a t i v e  
phase  ve loc i ty .  

By a n a l y s i s  of our  t e s t  da ta ,  we ma na ge d  to e l u c i -  
date  the  inf luence of  the ind iv idua l  p a r a m e t e r s  on the 
p r o c e s s ,  and to d iv ide  i t  into t h r e e  r e g i o n s  d i s t i n -  
gu ished  by the na tu re  of  the inf luence of t he se  p a r a m -  
e t e r s .  The b o u n d a r i e s  of the r e g ions  a r e  d e t e r m i n e d  
by va lue s  of Re ' .  F o r  the  f i r s t  r eg ion  Re '  = 70-2500,  
fo r  the second  2500-5000 ,  and fo r  the t h i r d  Re '  > 
> 5000. 
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Fig.  3. Dependence  of APf lAP0=f(W0~' /  
/W0') for. an a i r - w a t e r  m i x t u r e :  1) with 
d = 0 . 0 3 2 7  m, P =  10 .2 .104- -11 .9 .104  
N/m2; 2) 0. 0327 m and 6�9 16 .104-  8 .7 .  
�9 104N/m2; 3 - 0 .  0122 and 13.104 - 1 0 � 9  6. 

�9 104. 
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Let  us examine  the f i r s t  r eg ion .  Solving the p r o -  
b l e m  of f r i c t i o n  l o s s e s  of t w o - p h a s e  flow with a l a m i -  
n a r  l iquid l a y e r  in ho r i zon t a l  t ubes ,  Kuta te ladze  [1] 
a r r i v e d  at  a spec i f i c  combina t ion  of p a r a m e t e r s  
W0"/W0', Re' and T"/7'. He noted that the Fr number 
of the liquid component had a small influence on the 

p r o c e s s  when <40, and fo r  the ea se  
? 

Wo 1 / ' t ~ e ' s  > 40 

the calculation formula 

- -  = 1 q- 0.1 Re'  (3) 
A P0 

was r e c o m m e n d e d .  
In ou r  t e s t s  in a v e r t i c a l  tube with d = 0. 0327 m at 

R e '  -< 2500, the F r  n u m b e r  was not  v a r i e d  o v e r  such 
wide l i m i t s  a s  fo r  the  ho r i zon ta l  tubes  [1], but  even 
t h e s e  l i m i t s  in the h o r i z o n t a l  tube condi t ions  gave a 
v a r i a t i o n  of the  r a t i o  APf /AP  0 of about  a f a c t o r  of 
two. 

A n a l y s i s  of the  t e s t  da ta  and v i s u a l  o b s e r v a t i o n s  
show tha t  the flow s t r u c t u r e  in v e r t i c a l  tubes  is  l a r g e l y  
d e t e r m i n e d  by the p a r a m e t e r  F r  m when i ts  va lue  is  
l e s s  than 300-350.  I n c r e a s e  of F r  m l e a d s  to s t a b i l i z a -  
t ion  of the l a y e r  n e a r  the  wal l ,  to d e c r e a s e d  m a s s  
t r a n s f e r  in the t r a n s v e r s e  d i r e c t i o n ,  and to change in 
the  r a t i o  of descend ing  and a scend ing  l iqu id .  When 
F r  m > 300-350 the p r o c e s s  goes  on in a m o r e  o r  l e s s  
s t ab l e  m a n n e r .  Change of  the above p a r a m e t e r  s l i gh t ly  
changes  the h y d r o d y n a m i c  p i c t u r e  in the v e r t i c a l  
tube ,  and the f r i c t i o n  l o s s e s  a r e  o b s e r v e d  to be  i n d e -  
pendent  of F r  m.  

In h o r i z o n t a l  tubes  the b o u n d a r i e s  of the s e l f -  
s i m i l a r  r e g i o n  we re  d e t e r m i n e d  at  the s a m e  l i m i t s .  

V a r i a t i o n  of the  F r m  p a r a m e t e r  fo r  l a r g e  spec i f i c  
weight  of g a s e o u s  componen t  m o r e  a c c u r a t e l y  c h a r a c -  
t e r i z e s  a change in the  r a t i o  of i n e r t i a  and g r a v i t y  
f o r c e s ,  than fo r  the c a s e  of s m a l l  spec i f i c  weight  of 
gas .  The above  r a t i o  is  d e t e r m i n e d  m o r e  p r a c t i c a l l y  

by  a combina t ion  of F r m  and 7"/T ' .  To d e t e r m i n e  the 
f r i c t i o n  l o s s e s  of t w o - p h a s e  f lows in v e r t i c a l  tubes  at  
R e '  _< 2500, we a s s u m e d  a combina t ion  of the p a r a m -  

e t e r s  W0"/W0', Re', Fr m, 7"/7'. 
It turned out that the influence of Fr m may con- 

veniently be expressed by the ratio Frm/[Frm]a, 
where [Frm] a satisfies the values of parameter Fr m, 
above which the self-similar region with respect to 

Fr m begins. 
Our experimental points are plotted in Fig. 1 in 

the logarithmic coordinates 

APf /w'~ ~" >. 

X( Frra }-~ 

In the  r eg ion  Re '  = 70-2500 the t e s t  poin ts  a r e  a p p r o x i -  
m a t e d  by  the equat ion 

A,f .62 ii r = 1 (Re')~ ~6 >~ 
A P0 Wo ~" 

•  t-~ ~ [ ~ - ~ j  (4) 

The ma in  m a s s  of poin ts  g ives  a s c a t t e r  in the l i m i t s  
�9 25%, and in the  f r i c t i o n  l o s s e s  APf  - 1500 N/m 2 the 
s c a t t e r  was ~40%. This  is  exp la ined  by i n c r e a s e  of 
the r e l a t i v e  e r r o r  with the s a m e  value  of abso lu te  
e r r o r ;  m o r e o v e r ,  fo r  s m a l l  d rops  even the abso lu te  
e r r o r  of the  m e a s u r e m e n t s  i n c r e a s e s  due to i n c r e a s e  
in f luc tua t ions .  

i ooo/O 

2 
I0 2 4, 8 8 I0 

Fig.  4. Dependences  of APf /AP0  = 
= f(W0"/W0'  ) fo r  a s u g a r  solut ion 
(DS = 51 .5%) - -A i r  with d = 0. 0327 
m ,  Re '  = 3100-3960 ,  P = 7 .58  �9 

�9 104-12.4" 104 N/m 2. 

For Fr m < [Frm] a we use formula (4) in its orig- 
inal form, and when Fr m > [Frm] a the ratio (Frm/ 
/[Frm]a} -~ drops out and the formula takes the 

form 

APf = 1.62 WA y-~-' (Re')~ (5) 
A P0 W0 ~' 

i. e . ,  f o r  F r  m < [ F r m ] a ,  we have in m i n d  that  the 
r a t i o  

APf/ ; Vrm F o. 2 
A P 0 / w 0  ~' k Ivr=J----~J ' 

has  been  p lo t t ed  on the ax i s  of o r d i n a t e s ,  and f o r  

F r  m > [ F r m ]  a 

APf / W~ ?" 
Apo / E-C" 

I t  m a y  be  s een  f r o m  the  s t r u c t u r e  of (4) tha t  i t  does  
not  s a t i s f y  cond i t ions  at  the b o u n d a r y  when W0" = 0, 
i .  e . ,  du r ing  s i n g l e - p h a s e  flow. 

Use  of (4) is  r e c o m m e n d e d  in the  r a n g e  of v a r i a t i o n  
of the  d i m e n s i o n l e s s  g roups  shown in Tab le  2. F o r  
p o s s i b l e  c o m p a r i s o n  of the  f r i c t i o n  l o s s e s  in v e r t i c a l  
and h o r i z o n t a l  t u b e s ,  we r e c o m p u t e d  the f r i c t i o n  l o s s  
da ta  in t w o - p h a s e  flow in h o r i z o n t a l  t ubes  f r o m  the 

c o o r d i n a t e s  

Y 
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into the coord ina tes  

aPf  / w ;  r" 
A P0 / W'0 ~' 

for the case  when the m a j o r i t y  of points  sa t i s f i es  the 
condit ion 

] / /  Re' Y" <40;  F r =  0.04--a" Fr m>~[Frm]~, 

where  [Frm]  a was a s s u m e d  to be 313 accord ing  to our  
tes t  data. The co r r e l a t i on  indicated above 

the ra t ios  APf/AxP 0 with Re '  < 250 did not differ  appre -  
c iably  for the ve r t i ca l  and hor izonta l  tubes.  

When Re '  ~ 5000, the inf luence of the p a r a m e t e r s  
Re '  and F r  m on the quanti ty ~xPf/AP 0 is not very  
apprec iable .  The tes t  data obtained in the ve r t i c a l  
tubes  with d = 0. 0327 m (iRe' -> 15000) and d = 0.0122 
m (Re - 4650) for  the case  of motion of a i r - w a t e r  
m i x t u r e s  at P = 6.17 �9 104-13.1-  104 N/~n 2 a re  approxi -  
ma ted  by the equation (Fig. 3) 

A P f / A  Po ~ 1 q- I. 18 WI~/W~. (7) 

~;Re'=f 7 0  Re' , "25 
Y 

was p r e sen t ed  in [1] and is a gene ra l i za t i on  of the t e s t  
data of Mar t i ne l l i ,  Boul te r ,  Tay lo r ,  and Mor r i son .  
In recomput ing  the phys ica l  p rope r t i e s  of the compo-  
nen t s ,  7",  v ' ,  Y' were  de t e rmined ,  and m a s s  flow 
p a r a m e t e r s  were  as s igned  for  the case  of m i x t u r e s  of 
suga r  solut ions  of concen t ra t ions  of 51 .2 ,  62, and 
68.7% with a i r .  

Fo r  a hor izon ta l  tube in the range  of va r i a t i on  of 
Re '  f rom 35 to 2500, two reg ions  may  be d i sce rned .  
For  Re '  = 240-2500 the re l a t ion  

aP] w0 v" 
- (Re')0.4s 

APo Wb y' 

is valid.  
The m a j o r i t y  of the points  of Fig. 2 gives  a s c a t t e r  

in the l imi t s  +18%. The  f r i c t ion  los ses  in  v e r t i c a l  and 
hor izon ta l  tubes  with Re '  = 240-400 do not differ  
apprec iab ly ;  as Re '  i n c r e a s e s  the d i f fe rence  i n c r e a s e s ,  
and when Re '  = 2000 the f r i c t ion  los ses  in a v e r t i c a l  
tube a re  twice as g rea t  as in a hor izon ta l  one. 

In the second reg ion  (Re'  = 35-240) the na tu re  of 
the dependence changes .  The ra t io  APf/AP0 in the 
v e r t i c a l  tube becomes  somewhat  l e s s  than in  the h o r i -  
zontal  one. This  may  be explained by the method of 
d e t e r m i n i n g  AP 0. The r e s i s t a n c e  coeff ic ient  for  a 
l a m i n a r  r eg ime  is a s s u m e d  to be g iven by the fo rmula  
X = 64/Re. Inves t iga t ions  c a r r i e d  out in the intake 
s t r e a m  flow in c i r c u l a r  tubes  showed that  at low Re 
n u m b e r s  (Re = 0 . 5 - 5 5 0 )  the r e s i s t a n c e  law for  s i ng l e -  
phase  flow v a r i e s ,  and the coeff ic ient  is g iven with 
suf f ic ien t  accu racy  the the r e l a t ion  [3] 

= 132/i~e I. 12. (6) 

When Re < 250 the r e l a t i on  X = 64/Re gives  c o n s i d e r -  
ably u n d e r e s t i m a t e d  va lues  of X. 

F o r  a v e r t i c a l  tube with a suga r  s o l u t i o n - a i r  m i x -  
t u r e  (DS = 68.7%) we ca lcu la ted  the r e s i s t a n c e  coeff i -  
c ien t  in s i n g l e - p h a s e  flow f rom the fo rmu la  X = 
= 132/Re 1. 12. When the fo rmu la  X = 6 4 / R e  was used ,  

E x p r e s s i n g  these  r e su l t s  in coordina tes  ApffAP 0 = 
= f ( ~ )  when ~9 > 0 .65 ,  we obtain a fo rmula  of the type 

A P f / A  Po = A/( 1 - -  r 

where  n is close to the theore t i ca l  exponent obtained 
in ana ly t ica l  solut ion of the p rob lem of flow of a m i x -  
tu re  with a l iquid f i lm.  

With va lues  of Re T = 3000-4000,  the r e l a t ion  has 
the fo rm (Fig. 4) 

A P f / A P  o = 1 + 0.61 Wo/W'o. (8) 

Dependence of the ra t io  APf/AP 0 on p r e s s u r e  in this  
reg ion  was not observed.  

NOTATION 

/-length of stabilizing section; d-tube diameter; AP--total pres- 
sure drop over experimental section; Ym-Specific weight of mix- 
ture; Apf, APace, APw--losses in friction, acceleration, and due to 
weight of mixture; ~0~, ~0z, ~Om-true gas content at beginning and end 
of experimental section, and mean over experimental section; W0', 
W0", Win-reduced velocity of liquid and gas, and mass flow velo- 
city of mixture; g-acceleration due to gravity; Re' = W o' d /v ' -  
Reynolds number of liquid component; Fr = (W0')Z/g d, Fr m = 
= WmZ/g d-Froude number of liquid component and of mixture; 
~0'-conventional ("reduced" to W0') resistance coefficient of two- 
phase flow; AP 0 -- friction losses for motion in a tube of a mass flow 
of liquid equal to that of the flowing mixture; v'-kinematic vis- 
cosity of liquid component; P-absolute pressure; k-friction eoeffi- 
eient for motion of a single-phase stream; o'-surfaee tension of 
liquid component; DS-dry substance. 
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