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Resul ts  of exper imenta l  r e s e a r c h  on hydraulic  r e s i s t ance  in the case of annular  and d i s p e r s e -  
annular  s y s t em s  of movement  of a two-phase  mixture  a re  given. 

Annular ,  and d i spe r se -annu la r  conditions of two-phase  flow a re  encountered in var ious  hea t -exchange  
equipment.  In spite of the la rge  number  of works  devoted to determinat ion of the r e s i s t ance  in such flows, 
there  have so fa r  been no theore t ica l  re la t ionships  which would de te rmine  the r e s i s t ance  in a well-defined 
manner  as a function of the initial conditions. 

The re la t ionships  in [1, 2], for example ,  do not take into account the influence of sur face  tension. 

We have ca r r i ed  out r e s e a r c h  on the hydraul ic  r e s i s t ance  in the case  of annular ,  and annu l a r -d i sp e r s e  
conditions of movement  of a two-phase  mixture  in a horizontal  tube of d i ame te r  19 ram. Before it en te rs  
the working section,  the a i r  pa s s e s  through a stabil izat ion sect ion,  whose length is 1000 mm.  The liquid is 
introduced through an annular opening in the tube wall.  

The s ta t ic  p r e s s u r e  var ia t ion was measured  through holes of d i ame te r  1 mm on the face of the tube; 
these holes we re  located at  a dis tance of 30, 445, 1017, and 1609 mm f rom the liquid inlet point. The p r e s -  
sure  drop was measu red  by differential  m a n o m e t e r s  filled with water .  The tubes leading to them were  
filled with a i r ,  the tubes for select ing p r e s s u r e  were  connected to sett l ing chambers ;  different ial  m a n o m -  
e te r s  were  connected to the upper  pa r t  of these ,  and liquid was blown through per iodica l ly  f rom below. 
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Fig. 1. Relat ionships  APdi f /APl i  = f(1-~v) (a)and (APdif- -APl) /pv} 
= f(Gli/Gg) (b). Water :  1) Vg = 35 m/ sec ;  2) 60; 3) 80; 4) 100; 
5) 130; kerosene:  6) Vg = 35 m / s e c ;  7) 60; t r a n s f o r m e r  oil: 8) 
35; 9) 60; 10) 80. 
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TABLE 1. Physical  Proper t ies  of the Liquids 
Used 

Pli" 10"s' ~Zli" 10s' o. 10 3, N/m 
Liquid kg/I-n2 N, sec/m 2 

Water 
Kerosene 

Transformer oil 
Glycerol solution I 
Gl~rcerol solution II 
GIycerol solution III 

1 
0,786 

0,87 
1,198 
1,17 
1,158 

1,006 72,7 
1,55 25,7 

19,8 29,6 
79 61 
37,8 I 62 
18,6 ] 62,8 

The physical charac ter i s t ics  of the liquids used 
are  given in TaMe 1. 

The resul ts  of measurements  of the p re s su re  
drop between the cross  sections,  at a distance of 
1017 and 1609 mm from the liquid input point are  
given below. 

The experimental  data obtained for the p r e s -  
sure  drop for movement of gas (without liquid) agree 
with an accuracy  of :~5% with the D a r e y - B e i s b a c h  
formula 

AP 1 = d 2 ' (1) 

where X is the res i s tance  coefficient, which is determined by the Blasius formula for Re < 10 5 

k = 0.3164 (2) 
Re o.25 

and according to the Nikuradze formula for Re > 10 s 

0.221 
L = 0,0032 + - -  (3) 

Re0,237 

In Fig. l a  the resul ts  of experiments to determine the res is tance  in the case of movement of a gas 
- l iqu id  flow are  given in the coordinates proposed by Armand [2]. The actual gas content by volume ~o was 
determined from formulae obtained in [2]: 

8 
4 +  - - m  

I - -  q) = 7 , ( 4 )  

m = 4 ROff " -V y-~ [0.69 + (1 --- 8)(4 + 21.9 l ~ ) ] .  (5) 
Vli 

The s t raight  line plotted according to the Armand formula is also given here for comparison:  

APdi._.~f = 1.73 (6) 

hPli ( I  ~ qO 1"~  

It is seen from the graph that the data for water are  descr ibed sa t is factor i ly  by formula (4). The ex- 
per imental  points for kerosene and t r ans fo rmer  oil a re  not general ized by the relationship (4), since this 
relationship does not take into account the surface tension and it does not adequately represen t  the influence 
of viscosi ty  through the p r e s s u r e  losses  of one phase. 

We have represented  the p re s su re  drop in the gas - l iquid  phase (to general ize  the experiments) in the 
form of the sum of the p r e s s u r e  drop AP 1 for the gas flow with the same gas density and derived speed as 
in two-phase flow, and the p re s su re  drop AP 2 caused by the presence  of liquid. 

APdi f = API + AP2- (7) 

The experimental  data are  p rocessed  in the form of the relationship 

APdif-- AP~ ( Oli p~ = t \ ~ g / .  (s) 

Fig. lb  shows the experimental  data descr ibed in formula (8), 

The straight  lines which general ize  the experimental  points for liquids in which the surface tension 
is less than that of water  have a less marked slope. The experimental  points for kerosene in the case of 
small  relat ive d ischarges  of Gli/Gg are  located higher than the s imi lar  points for water .  

The viscosi ty  of the liquid has an influence in this region. In the case of large relat ive d ischarges  
the experimental  points for kerosene are  located lower; this is associated with the influence of surface 
tension. A s imi lar  relationship has a l ready been noted [3]. 
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Fig. 2. Relationship (APdif-APiS/pv} = f(AS, A = l /d  

�9 (~li/#gS~176176 glycerol solution 
h 1) Vg =35 m/sec;  2) 60; 35 80; glycerol  solution II: 
4) Vg = 35 m/sec ;  5) 60; 6) 80; glycerol  solution IIh 
7) Vg = 60 m/sec;  8) 80; w a t e r - a i r :  9) experimental 
data of Magiras and Dukler [4]; remaining designations 
see Fig. 1. 

All the experimental data can be generalized with an accuracy of =~20% by the relationship 

o,, ~176 ( -~ .APdif--AP, _ 5 . 8 4 . 1 0 _ a / ( _ ~ ) ( # ) - ' - - 7 -  - ov'~ s (9) 

The influence of the cr i ter ion ~qiVg/~ in our experiments is l imited to the numerical value of 20. 
When /~liVg/r > 20 it is therefore necessary to substi tute/qiVg/r =20 into relationship (95: 

0,49 < ~iiEl~2s 129; 55.5 < Fn < 4350; 
o 

0 : 0 4 2 < G n < 5 , 3 ;  35<Og<]30  m/sec~ 
% 

The limit  of variation of GIi/Gg and Vg includes both the annular and disperse-annular  systems.  

Our experimental data, processed according to formula (95 and [4] are given in Fig. 2. Some devia- 
tlon of the values is possible; this [s associated with the different d iameters  of the tubes used in the ex- 
per iments .  

l and d 
Vg 
P 

APdif 
APII 
GI} and Gg 

ff 

~I[ and 
Reli = 4Gli/TrdTli/Vli 
Fr = 16G~i/~r2gT{id3 

NOTATION 

are the length and diameter  of the tube, m; 
is the derived gas speed, m/sec;  
is the density, kg/m3; 
is the actual gas content by volume; 
is the p ressure  drop in gas - l iqu id  flow, N/m2; 
is the p ressure  drop for the flow of the liquid, N/m2; 
are the discharges of liquid and gas, kg/sec;  
is the discharge gas content by volume; 
is the surface tension of the liquid; 
are the dynamic viscosit ies of liquid and gas, N. sec/m2; 
is the Reynolds number; 
is the Froude number. 
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