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The creat ion of more  refined and universal methods of calculating two-phase s t reams requires  the in- 
corporation of detailed experimental  information on the turbulent flow structure.  Until recently the investi-  
gation of the local character is t ics  of two-phase flows has been retarded by the absence of reliable methods 
of diagnostics of these quantities. The advent of such measurement  methods as the thermoanemometr ic ,  
e lectrochemical ,  and e lect r ica l  conduction methods made it possible to proceed to the obtainment and ac-  
cumulation of experimental  data on the local turbulent character is t ics  of two-phase s t reams.  The s tructure 
of an ascending s t ream has been studied in considerable detail, e.g., in [1-4]. A horizontal gas- l iqu id  s tream, 
which has great  importance for technical applications (the combined t ransport  of oil and gas, chemical engi- 
neering) ,  has been studied considerably less at  this level. 

The few attempts to investigate the s tructure of a gas - l iquid s t ream in a horizontal pipe include [5, 6], 
in which measurements  were made of the local gas content and the average liquid velocities. The distribution 
of shear s t ress  at the wall of a horizontal pipe during the flow of a two-phase s t ream was measured in [7]. 
Since this kind of flow is distinguished by the extreme complexity of the processes  of turbulent t ransfer  and 
interaction of the phases, for an understanding of the s t ream structure it is necessary  to make comprehen- 
sive investigations incorporating the measurement  of the largest  possible number of parameters ,  including 
pulsation quantities. 

In the present  repor t  an investigation is made of the average and simplest pulsation character is t ics  of 
a two-phase flow (profiles of the local gas content and velocity of the liquid and of the intensity of turbulent 
velocity pulsations) in a horizontal pipe. 

The local gas content was determined by the e lect r ical  conduction method and the liquid velocity by the 
e lect rochemical  method. The experimental installation is described in [7]. The working section was a hor i -  
zontal pipe with an inner diameter of 19 mm and a length of 6 m. The reduced velocity of the liquid was va r -  
ied from 0.25 to 5 m / s e c  and the flow-rate,  volumetric,  gas content from 0 to 0.9. The pressure  in the work- 
ing part  of the installation was close to atmospheric.  A solution of 0.5 N sodium hydroxide and 0.01 N potas-  
sium f e r r i -  and ferrocyanide in distilled water was used as the working liquid and nitrogen was used as the 
gas. The tempera ture  of the liquid and gas at the inlet was kept constant at 25~ and the gas was pre l iminar-  
ily humidified. The measurements  were made in the bubble, comb, plug, and projectile modes of flow. 

All the measurements  were made in a cross  section at a distance of 3.8 m (200 diameters) from the 
point of introduction of the gas, at which the s t ream can be assumed to be stabilized lengthwise (see [7]). The 
detector was made by soldering a platinum wire 20/an in diameter  into a glass capillary 50-60/~m in diame- 
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TABLE 1 

W~, Mode m/ ~ of flow 
sec 

0,5 0,2--0,4 I Bubble 

0,6--0,7 I Plug 
0,8 Projectile 

3 0,07--0,2 [ Bubble 
0.4--0,5 Projectile 

t e r .  The end of the p la t inum w i r e  s e rved  as  the s enso r  of the de tec tor .  Then  the de tec to r  was  glued with 
epoxy r e s i n  into a s t a in les s  s t e e l  holder  2 m m  in d i a m e t e r ,  which was  moved  in the s t r e a m  by a coordinat ing 
device with a sca l e  d iv is ion of 0.1 m m .  Contact  with the wal l  by  the de tec to r  dur ing i ts  ins ta l la t ion in the 
m e a s u r e m e n t  unit was  de t e rmined  with a ca the tome te r ;  the coordinate  nea r  the wal l  was  de te rmined  by  a dial  
indicator  with a sca le  d iv is ion of 5 ~m. The de tec tor  c u r r e n t  was  ampl i f ied  with an e lec t rodi f fus ion  t r a n s -  
f o r m e r .  Then the ampl i f i ed  s ignal  was  t r ea t ed  in an M-6000 compute r ,  which calcula ted  a l l  the flow c h a r a c -  
t e r i s t i c s .  The  m e a s u r e m e n t  appa ra tus  and m e a s u r i n g . p r o c e d u r e  used a r e  de sc r ibed  in deta i l  in [8]. 

In Fig. 1 we p r e s e n t  the r e s u l t s  of a m e a s u r e m e n t  of  the p ro f i l e s  of  the local  gas  content ~ (la) and 
the loca l  liquid ve loc i ty  u (lb} as  a function of y / R ,  where  y is  the coord ina te  m e a s u r e d  upward f rom the 
lower  g e n e r a t r i x  of the pipe and R is the pipe rad ius .  The reduced  liquid ve loc i ty  w~ was  3 m / s e c  while the 
f low- ra te ,  vo lume t r i c ,  gas  content  fl was  va r ied :  1)/3 = 0.07; 2} /3 = 0.2; 3} /3 = 0.4; 4} /3 = 0.5; 5} /3 = 0 (a 
one -phase  s t ream}.  The modes  of flow of a gas  - l i q u i d  mix tu r e  a r e  given in Tab le  1. The local  gas  content 
a t  a given point  was  defined as  the r a t io  of the t ime  of o c c u r r e n c e  of the gas phase  to the en t i re  m e a s u r e -  
m e n t  t ime.  The  loca l  liquid ve loc i ty  was defined a s  the a v e r a g e  value of the instantaneous ve loc i ty  of the 
liquid phase  over  the t ime  co r re spond ing  to the t ime  the liquid phase  is found a t  a given point. As seen  f r o m  
Fig. 1, the ~ p ro f i l e s  a r e  n o n s y m m e t r i c  in al l  c a ses .  T h e r e  is an i nc rea sed  concent ra t ion  of the gas  phase  
in the upper  p a r t  of the pipe. In the lower  p a r t  of the pipe in the reg ion  of y / R  _< 0.2 the re  is a zone in which 
the gas  content  is v e r y  low ( ~0/fl << 1}; liquid containing fine gas  bubbles  flows h e r e  r e g a r d l e s s  of the condi-  
t ions in the r eg ion  with h igher  va lues  of y /R .  In the  upper  half  of the pipe in the plug and pro jec t i l e  modes  
the prof i le  of gas content  is nea r ly  f la t  a t  reduced  liquid ve loc i t i e s  of l e s s  than 1 m / s e c .  At a liquid ve loc i ty  
of  3 m / s e c  the prof i le  b e c o m e s  drawn out, analogous to the p rof i l es  of gas content in the pro jec t i l e  mode  in a 
v e r t i c a l  pipe [1]. 

The  local  ve loc i ty  p ro f i l e s  of the liquid a r e  a l so  n o n s y m m e t r i c  in the gene ra l  case ,  e spec i a l ly  a t  low 
reduced  liquid ve loc i t i es ,  with the n o n s y m m e t r y  inc reas ing  with an  i nc r ea se  in gas  content  a t  a constant  r e -  
duced liquid veloci ty ,  while i t  i n c r e a s e s  with a d e c r e a s e  in the liquid ve loc i ty  a t  a constant  gas  content. How-  
e v e r ,  the point o f  m a x i m u m  ve loc i ty  l ies  close to the ax i s  in a l l  modes ,  al though it  is shif ted somewhat  above 
it. At a r educed  liquid ve loc i ty  of 3 m / s e c  the ve loc i ty  p rof i l es  b e c o m e  a l m o s t  fully s y m m e t r i c .  As seen  in 
Fig. l b ,  the ve loc i ty  p rof i l es  in the p ro jec t i l e  mode  a r e  somewhat  l e s s  full than in a one-phase  s t r e a m  with 
the s a m e  value of the ve loc i ty  a t  the axis  {dashed lines}. Such behav io r  of the liquid ve loc i ty  in the pro jec t i le  
mode  is  a l so  c h a r a c t e r i s t i c  of an  ascending t w o - p h a S e s t r e a m  [1]. 

The  quanti ty u(1 - ~0} c h a r a c t e r i z e s  the a v e r a g e  value of the ins tantaneous ,  local ,  liquid ve loc i ty  a v e r -  
aged not over  the t ime  of o c c u r r e n c e  of the liquid phase  a t  a given point but ove r  the en t i re  m e a s u r e m e n t  
t ime .  Th i s  is a kind of local  f l ow- ra t e  ve loc i ty ,  de te rmin ing  the amount  of  liquid t r a n s f e r r e d  through a given 
p o i n t p e r  unit ~ime. P ro f i l e s  of u(1 - ~o} a t  reduced  liquid ve loc i t i es  of  0.5 and 3 m / s e c  a r e  shown in Fig. 
2a,  b,  r e spec t ive ly .  Values  o f t h e  f low- ra te  gas  content:  a-" 1) [3= 0.2; 2}/3 = 0.4; 3} /3 = 0.6; 4} fl = 0 .8 ;b :  
1) /3 = 0.07; 2} /3 = 0.9.; 3) /3 = 0.4; 4) /3 = 0.5. The  dis t r ibut ions  of u{1 - ~} a r e  e s sen t i a l ly  nonsymmet r i c .  
Only the p ro f i l e s  with s m a l l  va lues  of /3 ,  which c o r r e s p o n d s  to the bubble mode when the g a s - l i q u i d  mix tu re  
can  rougifly be  taken  a s  homogeneous ,  a r e  c lose  to s y m m e t r i c  in some m e a s u r e .  In the other  modes  the re  is 
a cons iderab le  i n c r e a s e  in the local  f l ow- ra t e  ve loc i ty  f r o m  the upper  g e n e r a t r i x  of  the pipe to the lower.  At 
l a rge  va lues  of the gas  content  t he re  is a v e r y  cons iderab le  i nc r ea se  in u(1 - ~0} in the lower  pa r t  of the pipe. 
Th i s  c o r r e s p o n d s  to the fac t  that  in the pro jec t i l e  and plug modes  the l a rge  bubbles  and p ro jec t i l e s  a r e  con-  
een t ra t ed  above while be low the re  is a liquid l aye r  containing sma l l  bubbles .  It  is through jus t  th is  l ayer  that  
a l a rge  p a r t  o f  the liquid flow is  ca r r i ed .  It  is in te res t ing  that  the magni tude of the given ef fec t  does not d e -  
c r e a s e  with an  i n c r e a s e  in the reduced  liquid veloci ty .  With an a l m o s t  fully s y m m e t r i c  p rof i le  of the local  
liquid ve loc i ty  u (see  Fig. 1} the re  is s t i l l  cons iderab le  nonuniformity  in the r a t e s  of t r a n s f e r  of  the liquid 
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and gas  phases  over  the pipe c r o s s  sect ion.  It should be noted that in [5, 9] p r e c i s e l y  the quantity u(1 - ~)  i s  
understood as  the average  ve loc i ty  of  a gas - l i q u i d  s t ream;  the ve loc i ty  prof i l es  obtained a r e  qual i tat ively 
s i m i l a r  to those  presented  in Fig. 2. 

It i s  in teres t ing  to ana lyze  the liquid ve loc i ty  prof i l es  obtained in the un iversa l  s e m i l o g a r i t h m i c  c o o r d i -  
nates  (a '%vall law'') u / v ,  = f ( y v , / v ) ,  w h e r e  v is  the k inemat ic  v i s c o s i t y  of  the liquid, whi le  the dynamic  v e -  
loc i ty  v ,  was  de termined  f r o m  the m e a s u r e d  value  of the shear  s t r e s s  at the wal l  at the given point, a l s o  d e -  
t ermined  by the e l e c t r o c h e m i c a l  method [7]. In Fig. 3 we  present  an ana lys i s  in these  coordinates  of  the loca l  
liquid ve loc i ty  for w~ = 3 m / s e c  and the fol lowing va lues  of  the f low-rate  gas content: 1) fl = 0.07; 2} fl = 
0.2; 3) fl = 0.4; 4) fl = 0.5; 5) fi = 0. The standard dependence for a o n e - p h a s e  f low [10],  

uiv. : :  5.75 lg (yt,.~v) -~- 5.2, (1) 

iS denoted by a so l id  l ine.  As  s e e n  from Fig.  3, in a two-phase  s t r e a m  the ana lys i s  in "wall- law,'  coordinates  
does  not g ive  a s ingle  dependence.  The points in Fig. 3 depart  f rom the curve  (1) by 5-20%, with the departure 
growing monoton ica l ly  with an i n c r e a s e  in gas  content.  In the ana lys i s  of the loca l  f l ow-rate  ve loc i ty  in these  
coordinates  a c lear  separat ion  into l ayers  is  absent ,  although a departure from (1) s t i l l  occurs .  

The  p r e s e n c e  of a gas  phase in the s t r e a m  can marked ly  a l ter  the distr ibut ion of  turbulent pulsat ions  of  
the liquid ve loc i ty .  In Fig.  4 we  present  m e a s u r e d  va lues  of  the degree  of  turbulence e=  ~ / ~  tnthe two-phase  
s t ream:  a) w~ = 0.5 m / s e c ;  1) fi = 0.2; 2) fl = 0.4; 3) fi = 0.6; 4) fi = 0.7; b) w~ = 3 m / s e c ;  1) fl = 0.07; 2) 
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fl = 0.2; 3) fi = 0.4; 4) fi = 0.5. Points 5 cor respond  to one-phase flow. As seen  f rom Fig. 4, the p resence  of 
a gas phase in the s t r e a m  promotes  g r ea t e r  turbul iza t ion of the liquid phase.  One should also note the non- 
l inear  var ia t ion  of the prof i les  of the degree  of turbulence as a function of fl, which conf i rms  the " two- layer"  
s t ruc tu re  of the liquid phase in the plug mode. In a liquid plug (upper pa r t  of the prof i le  of Fig. 4a) the d is -  
t r ibut ion of the degree  of turbulence has the same cha rac t e r  as in a one-phase  s t ream.  At the base  (lower 
pa r t  of the prof i le)  one observes  separa t ion  of the values of the degree  of turbulence into l ayers  as a func- 
t ion of the degree  of d is turbance,  introduced mainly  by the liquid plug. And the degree  of dis turbance in-  
c r e a s e s  with an inc rease  in the veloci ty  of the plugs, which in tu rn  depends on the increase  in ft. In addition, 
the re  is a second inflection point, which cor responds  to the boundary of the region of dis turbance introduced 
by  the gas plugs. 

At w~ = 3 m / s e c  the prof i les  of e have the following fea tures .  In thebubble  mode (fl = 0.07} the degree  
of turbulence grows in compar i son  with a one-phase  s t r e am  only in the upper par t  of the channel where  mos t  
of the bubbles move. Moreover ,  the prof i les  of e have a v e r y  specif ic  cha rac t e r  when fl = 0.4-0.5 (developed 
pro jec t i l e  mode). In this mode,  evidently,  the la rge  gas bubbles,  in burs t ing through the liquid, cause v e r y  
s t rong turbtfl ization of the liquid over  the en t i re  c ro s s  sect ion.  

The authors  thank F. E. Kushnir  for  ass i s tance  provided in making the p resen t  investigation. 
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