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The r e su l t s  of an exper imen ta l  invest igat ion of the local  m e a n  and fluctuating f r ic t ion  at the 
wall  of a hor izonta l  tube a r e  p resen ted  fo r  the case  where  a g a s - l i q u i d  s t r e a m  flows in the 
tube with a wide range  of r eg i m e  p a r a m e t e r s .  The electrodiffusion method is used fo r  m e a -  
sur ing the fr ict ion.  Curves  of the tangential  s t r e s s e s  along the p e r i m e t e r  of the tube as well  
as  along its  length a r e  constructed,  permi t t ing  an object ive de te rmina t ion  of cer ta in  flow r e -  
g imes .  The exper imenta l  r e s u l t s  a r e  compared  with those of the exist ing computat ional  m e t h -  
ods. 

At p resen t ,  of al l  the exist ing methods  only the "floating" e lement  enables one to m e a s u r e  the mean  
f r ic t ion  at a wall  d i rec t ly .  This  method has  a number  of significant drawbacks:  nonlocal nature,  inert ia ,  
and per tu rba t ion  of the bas ic  flow. 

In the p re sen t  work the e lect rodiffus ion method is used  fo r  the m e a s u r e m e n t  of the tangential  s t r e s s e s  
in an i so the rma l  g a s - l i q u i d  flow; the essen t i a l  f ea tu re s  of this method a re  d iscussed  in detai l  in [1, 3 ] .  At 
l a rge  Prandt l  n u m b e r s  (Pr > 1000) in the case  of c i r cu l a r  s enso r  e l ec t rodes  the f r ic t ion is calculated f r o m  
the fo rmula  

3"2~I~'i (I) 
.~ ~ FSdSD~c~ 8 

where  F is the F a r a d a y  number,  ~, D, co~ a re  the phys ica l  constants  of the e lec t rolyte ,  and I is the value 
of the m e a s u r e d  l imit ing cur ren t  in the e l ec t rochemica l  cell  including a sensor  cathode of d i a m e t e r  d, an 
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TABLE 1 

Vo',mkec 

0 . t  
0.25 
0.5 
1.0 
2.0 

3.0 

4.0 

G'.i0~, 

kg/sec 
G"- iO', kg/se c 

29.3 
73.75 
146.5 
293 
586 

880 

1i72 

0.348+0.999 
0.206+0.998 
0A3+0.993 

O. t07+0.98 
0.03+0.903 

0.02+0.87 

0.0t+0.8 

0.73+3450) 
2.i2+5200 
2.5+5420 

4.34+3530 
2.42+i020 

2.5+i000 

2.5+500 . 

No. of 
. ITl@astlr~- 

merits 

330 
396 
900 

i036 
i207 

600 

400 

/ 
5 /0 ~ 
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1) measuremen t  of the mean and 

anode of large surface,  and the electrolyte .  A weak solution of f e r r i c -  
fe r rocyanide  in 0.5 N aqueous solution of NaOH was used as the e lec-  
t rolyte.  Only an inert  gas, nitrogen, was used in the experiments  in 
order  to avoid oxidation of the electrolyte  by oxygen. The procedure  
of operation with this electrolyte has been discussed in detail  in [2, 
3]. The theore t ica l  possibi l i ty of using the e lec t rod i f~s ion  method 
for  measur ing  fr ict ion in a two-phase flow was demonstra ted in [2] 
taking the example of the standard "project i le" regime of flow. The 
f i r s t  resul ts  on the measurement  of f r ic t ion for  a significantly non- 
s tat ionary horizontal  g a s - l i q u i d  flow were  also obtained in [2]. 

The investigation of the flow of two-phase s t r eams  in a hor i -  
zontal tube is complicated by their  significant a symmet ry  caused by 
the force of gravity.  This resu l t s  in a large divers i ty  of flow r e -  
g imes  compared to the ver t ica l  flows. F o r  example, for  cer tain d is -  
charge ra tes  of the liquid and the gas in a horizontal  tube a s trat if ied 
flow regime may exist, where the liquid l ies mainly in the lower  half 
of the channel. Therefore,  in the study of such flows there a r i ses  
a problem of measur ing  their  local cha rac te r i s t i c s  not only along 
the length of the channel but also along its per imeter .  On the other  
hand, the presence  of such information enables one to refine the c las -  
sification of the flow reg imes  of these sys tems.  The p rog ram of the 
presen t  experiment included the following: 

the pulsating fr ict ion both along the length of the channel and along 
its per imete r .  The range of var ia t ion of the flow ra tes  of the liquid and the gas  and also the number  of m e a -  
surements  for  each veloci ty of the liquid are  given in Table 1; 

2) measu remen t  of the total p r e s s u r e  drop at different dis tances f rom the entrance to the channel. 

The exper iments  were conducted in a horizontal  tube with inner  d i ame te r  equal to 19 mm and length 
6 m at p r e s s u r e s  close to the a tmospher ic  p res su re .  

The equipment, whose schemat ic  d iagram is shown in Fig. 1, consisted of a circulating loop for  the 
liquid which included: tank 2 with 0.25 m 3 capacity, centrifugal  pump 1, c losed-de l ivery  conduit of 50 m m  
diameter  with buil t- in f low.ra te-measur ing  equipment 7, mixing chambers  6 and 13 at the entrance to the 
channel, and an experimental  segment 6 m in length. The separat ion of the gas and the liquid was done in 
the tank only in sepa ra to r  3 of cyclone type. The flow rate of the liquid was regulated by remote  control  
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of the number  of rotat ions of the e lec t r ic  motor  of the pump, regulating valves,  and nozzle-type mixer  6. 
The tempera ture  of the liquid was maintained constant in the range 20-27~ by using water  cooler  16. The 
gas (nitrogen) was humidified and cleaned in f i l ter  11 and was heated to t = t '  in i kW electr ic  heater  12 and 
entered the mixer  chambers  13 or  6. 

The g a s - l i q u i d  mixture was produced ei ther  in chamber  13, where the liquid and the gas were mixed 
at an angle of 90 ~ or  by blowing the gas through nozzle 6. In the lat ter  case the liquid entered uniformly 
along an annular slit whose thickness was varied with an accuracy  of 0.01 ram. This accuracy  was neces -  
sa ry  fo r  the investigation of the annular regime of the flow. The p re s su re  was sampled in six c ross  sec -  
tions of the experimental  tube along its length, so that the total p r e s s u r e  drop is 5 m and also so that the 
local  p r e s s u r e  drops at 25, 100, and 200 guages f rom the entrance could be measured .  The flow ra tes  of 
the liquid and the gas, and also the p re s su re  drops, were measured  with five U-shaped manometers .  

The experimental  segments  of measurement  of local  f r ic t ion were  placed at dis tances of 25, 100, and 
200 gauges f rom the entrance.  The construct ion of the sensor s  is shown schematical ly in Fig. 1. Twelve 
platinum electrodes  1 of 0.5 mm diameter  were  embedded in glass  sleeve 2 along its per imeter ,  which was 
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f i l led with epoxy r e s in  3 in the f r a m e  of the segment .  The sensor s  
4P/'~l'[(N/m2)/m] w e r e  careflfl ly ground f lush with the wall  of the channel according to 

z.,,oZ~ t I=o.~ ,~ l.lOzl ~ the scheme descr ibed  e a r l i e r  [2, 3]. 

01 ~ ~' Exper iments  conducted with a s ing le -phase  flux showed good 
5-10 ag reemen t  of the r e su l t s  of m e a s u r e m e n t  of the f r ic t ion coefficient  

1 ~=0.gZ with those computed f rom the well-known Blas ius  fo rmula  f o r  Rey-  
J ~ ~ -  ~ nolds numbers  R= 8- 103-1.5 -105 (Fig. 2). 
z 

z.5.1o' The r e su l t s  of m e a s u r e m e n t  of f r ic t ion in the flow of the g a s -  
z.B ~=o.g8 liquid s t r e a m  fo r  liquid veloci t ies  V0'= 0.1 and 2 m / s e c  a r e  shown 
hY _/.(---~_.~ . . . . .  by the open c i r c l e s  1 in Figs .  3 and 4 in (~-/~'0, fi) coordinates .  Here ,  
hO ~ "r o is the f r ic t ion  during the flow of the pu re  liquid, /3 is the 'vo lume 

J-,'o* ,. gas  content computed f r o m  the local  p a r a m e t e r s  of the flow, and 
/=o.oos "~-~ / is  the f r ic t ion  of the two-phase  flow averaged  over  12 senso r  r ead -  

z " ings in the sect ion L / d =  200 gauges f r o m  the entrance.  As evident, 

~ ~ ~ ~ the f r ic t ion  i n c r e a s e s  signif icantly with the flow ra te  of the gas; fo r  
~" example,  for  V 0' =0.1 m / s e c  the i nc rea se  is f r o m  ~'/~ ~. 1 fo r  the s t r a t -  

Ozy /oo z/~ zoo ified r eg ime  to "r/l"0 ~ 600 fo r  the fully developed "annular reg ime.  
H e r e  and below, we adhere  to the common c lass i f ica t ion  of flow r e -  

Fig. 9 g tmes  for  hor izontal  two-phase  flows. In the s t ra t i f ied  r eg ime  ~- was 
computed taking into considera t ion the f r ic t ion of the gas  at the non- 
wetted sur face  of the tube. 

A compar i son  of the exper imen ta l  r e su l t s  with those obtained f rom well-known computat ional  methods  
is  a lso  shown in F igs .  3 and 4; he re  line 2 per ta ins  to the computat ion by TsKTI  (Central  Sc ient i f ic -Re-  
search ,  Design, and~ Planning Inst i tute f o r  the Boi le r  and Turbine  Industry)  method [4], line 3 per ta ins  to the 
homogeneous model  [5] based  on the assumpt ion  of absence  of slip between the phases  [here R is  computed 
f r o m  the veloci ty  of the mixture ,  while the v t sco i ty  /4  is computed f r o m  the fo rmula  

! = ~ , , z + ! ( t  - z) 
t% p' , 

where  #', #" a r e  the v i scos i ty  of the liquid and gas,  respec t ive ly ,  x is  the gas  content of the flow by weight], 
and line 4 pe r t a ins  to A. A. A r m a n d ' s  f o rm u la  [6] 

c 
�9 --~ = (1 - 0.833~) 1,75 :'~ ~ ~ 0.9 ;~ 

for  fl > 0.9 the constant  before  /3 is equal to 1. The s t ra igh t  l ine 5 gives  the computa t ionby B e c k e r ' s  method 
[7]; line 6, by the L o k a r t - M a r t i n e l l i  method; and line 7, by the N e l s o n - M a r t i n e l l i  method [7] based on a 
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