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Results are presented from an experimental study of the drag of a turbulent two- 
phase helium flow in a horizontal channel under adiabatic conditions. 

In engineering practice, the drag of two-phase flows is usually calculated using rela- 
tions based on models of separate and homogeneous flow: 

-~ ( 1 - - x ) " 7 5 r  2, | = f(%), 
AP'  sp 

where 

z = \ T /  \,~"/ --1, ; (1) 

A__~_ l + x  p~ I l + x  ~"--1 (2) 
A P s p  . \ ,, 

These relations were obtained by systematic analysis of the results of experiments on air- 
water or stea~ater mixtures and are empirical or semiempirical in nature [I, 2]. The 
feasibility of using them to calculate the drag of a two-phase helium flow requires experi- 
mental confirmation. 

Figure 1 compares these relations with respect to the drag of two-phase flows calculated 
from helium parameters at a pressure P = 1.2"105 Pa. It can be seen that the relations dif- 
fer by a factor greater than four in the region of moderate vapor contents. 

Several experimental studies of the drag of a two-phase helium flow in channels have 
been published [3-6]. The experimental data in [5, 6] are the most interesting. It was ob- 
tained from measurement of the resistance of a two-phase helium flow in a vertical channel. 
There have been almost no studies of the structure of two-phase helium flows, while the 
effect of flow conditions in two-phase media on drag is widely known. 

The scarcity of test data complicates the task of determining the suitability of this 
or that relation for calculating the drag of two-phase helium. This problem could be solved 
on the basis of more extensive empirical data. The present work presents results of tests 
we conducted to determine the effect of the basic flow parameters of pressure P, mass flow- 
rate vapor content x, and mass velocity pw on the drag and structure of a two-phase helium 
flow. 

The helium flow was realized on a test stand in a thin-walled steel tube 6 • 0.4 mm in 
diameter with a total length of 3000 mm. The tube was enclosed in an insulated jacket [7]. 
The use of highly efficient vacuum-laminated insulation of PETF-0.01 polyethyleneterphtha- 
late film with interlayers of SBR-40 glass paper in the experimental pipe significantly re- 
duced heat inflow from the environment and created test conditions which approached adia- 
batic conditions as closely as possible. 

The structure of the flow was observed by making a section of the pipe out of vacuum- 
tight molybdenum glass, similar to a Dewar flask. An initial vacuum of the order of 0.133 
Pa was maintained in the space between the walls. The model (the glass section of the pipe) 
was butt-joined with the rest of the pipe with a vacuum rubber seal. 
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Fig. I. Comparison of calculated curves of the re- 
sistance of a two-phase flow with test data for two- 
phase helium at P = 1.2"105 Pa: i) theoretical curve 
of Martinelli; 2) theoretical curve of homogeneous- 
flow model; 3) test data of suthors. 

Fig. 2. Curve of change in relative resistance of a 
two-phase helium flow APtp/AP~p and flow structure 
relative to mass vapor content Xav under adiabatic 
conditions for different pressures: i) P = 1.1"105 
Pa; 2) 1.2"105; 3) 1.3"i0~; 4) 1.4'105; a) bubble 
regime of flow; b) annular regime; c) disperse regime. 

The tests were conducted at constant pressures and mass velocities. The inlet vapor 
content of the two-phase mixture was measured in each series of tests. The ranges of the 
flow parameters were: 1'105 to 1.4"105 Pa pressure, 65 to 400 kg/m2"sec mass velocity, and 
0 to 1 mass vapor content. 

The required composition of two-phase mixture was created by evaporating paru of the 
liquid with an electric heater installed at the inlet section of the pipe. The pressure 
drop of the two-phase helium flow was measured in a 1200-mm-long section of the pipe. Pres- 
sure was sampled here with special annular chambers which were connected by four 0.4-mm- 
diameter holes with the internal cavity of the pipe. Thermal and hydrodynamic stabilization 
sections 1500 and 300 mm long, respectively, were located before and after the measurement 
section. Each test series entailed measurement of the pressure and temperature at the pipe 
inlet, the pressure drop in the measurement section of the pipe, the flow rate of evaporated 
helium and the level of liquid in the container, and the power of the load delivered to the 
electric heater. Analysis of the errors showed that the maximum error was obtained in de- 
termining helium flow rate and amounted to 7.8%. 

The drag of the two-phase flow was determined as the difference between the pressure 
drop measured in the measurement section of the pipe and the calculated pressure loss due 
to acceleration of the flow: 

APtp = kPexpt-- APacc, (3) 

Since there are no literature data on actual volume vapor contents of two-phase helium, the 
pressure loss due to flow acceleration was calculated using the flow-rate vapor content, 
i.e., 

(4 ) 

The mass flow-rate vapor content of the flow was calculated from the heat-balance equation 
with the known parameters of the helium at the pipe inlet. The theoretical equation appears 
as follows when solved for the vapor content x for any section z of the pipe: 
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TABLE 1 (Continued) 

~.~ p.10-Lpa sec'~ kg/m2" N,w Xav, % APexpt' Pa 

63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 

75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
9I 
92 
93 
94 
95 
96 
97 
98 
99 

1,31 
1,3 
1,31 
1,32 
1,32 
1,31 
1,28 
1,3 
1,3 
1,31 
1,3I 
1,33 

1,4 
1,41 
1,4 
1,41 
1,38 
1,4 
1,39 
1,41 
1,41 
1,4 
1,4 
1,42 
1,39 
1,4 
1,4 
1,41 
1,41 
1,42 
1,4 
1,39 
1,4 
1,4 
1,41 
1,41 
1,4 

P=l ,3 .105 Pa 

71,5 17,2 
72 26,2 
80 24,6 
89 21 
91 20,5 
100 1,22 
I02 10,6 
100 12,6 
lOl 20,3 
101 23,85 
100 28,9 
99 38,5 

P=l ,4 .105 Pa 

130 29 
134 26,5 
140 4,75 
141 9,23 
140 10,75 
139 13,62 
140 16 
141 17,1 
142 16,9 
140 18,95 
140,5 22,1 
140 29,6 
141 31,7 
140 34,3 
142 43,5 
139 47,4 
140 50,7 
145 36,5 
148 20,8 
195 34 
196 32,8 
224 16,1 
224 27 
227 20 
263 36 

48,5 
99,5 
76,7 
61,3 
60,5 
3,0 

27 
31,9 
51,5 
60,6 
73,5 
97,9 

56,5 
41,6 

9,0 
17,5 
20, 1 
25, 85 
30 
32, 1 
32 
36 
42 
56 
60, I 
65,0 
82,5 
89,9 
96, 15 
73,6 
31 
36, 75 
36,6 
20, 1 
32 
25,75 
52,45 

258 
400 
420 
450 
470 
177,3 
423 
431,5 
498 
517,5 
556 
735 

725 
800 
414 
488 
413 
620 
739 
724 
680 
768 
848 
827 
812,5 
887 
1000 
1093 
1211 
1335 
87O 
1600 
1580 
1330 
1590 
2180 
2700 

Pz P~ N nzld, IVmx  X=Xo+-~r + ~ +  + (5) 
�9 r ., 427r  
P, P~ 

Analysis of the components of Eq. (5) showed that the maximum change in vapor content re- 
P~ 

sulting from the total heat release through isentropic expansion ~ ~ dip and the action of 
�9 r 
P1 

p~ 

friction " ~'vmxdP in the pipe is no more than 1%. The addition of heat to the flow from the 
,J 4 2 7 r  

e n v i r o n m e n t  q e n . a / G r  i s  a l s o  s l i g h t  ( q e n .  = 0 . 1 2  W/p 'm)  and  c h a n g e s  v a p o r  c o n t e n t  by  a b o u t  
2% a t  low f l o w  r a t e s  of  t h e  w o r k i n g  medium (pw < 80 k g / m 2 ' s e c ) .  T h u s ,  i n  c a l c u l a t i n g  f l o w -  
r a t e  v a p o r  c o n t e n t ,  we can  i g n o r e  t h e  e f f e c t  o f  t h e s e  t h r e e  c o m p o n e n t s  o f  Eq. (5)  
a n d ,  w i t h i n  t h e  l i m i t s  o f  t h e  e r r o r  i n  t h e  v a r i a t i o n  o f  t h e  b a s i c  f l o w  p a r a m e t e r s ,  a s s u m e  
Chat the flow of the medium is adiabatic. 

Table 1 shows the resulting test data on the resistance of the two-phase helium flow. 
Figure 2 shows experimental results in the form of ratios of pressure drops for single- and 
two-phase helium flows, with the same mass flow rate, versus the vapor content [8]. The 
same figure shows data for a mass velocity pw = 120 kg/m='sec at different pressures. Mass 
velocity was not seen to have had an effect on the resistance of the flow in the investi- 
gated velocity range. The dashed lines show theoretical curves for the homogeneous-flow 
model�9 It can be seen that the empirical data are stratified with respect to pressure, with 
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an increase in the latter being accompanied by a decrease in the relative resistance of the 
two-phase mixture. 

Comparison of the test data with the calculated data for homogeneous flow showed that 
the empirical points deviate somewhat from the theoretical curve, first being above, then 
below the latter. Meanwhile, the deviation is greater, the lower the pressure of the mix- 
ture. The deviation is 35-45% in the Snvestigated pressure range. Such a complicated de- 
pendence of relative resistance APtp/Psp on mass vapor content can be explained by a change 
in the structure of the two-phase helium flow. Three sections with different slopes are 
evident on the empirical curve, these sections corresponding to different flow regimes. 
Visual observations established that the first section, for x < 0.4, corresponds to the 
bubble flow regime. This gradually changes to the emulsive regime. The second, transi- 
tional section of the curve, at vapor contents x = 0.4-0.7, corresponds to the annular flow 
regime. Here, all of the liquid moves in the form of a thin film over the walls of the 
pipe. Finally, the third section, for x > 0.7, corresponds to the disperse regime. Here, 
the liquid remaining in the form of fine droplets is distributed throughout the vapor flow. 

The abrupt increase in the drag of the two-phase flow on the first and third sections 
of the curve is attributable to a rapid increase in the number of tiny vapor bubbles in the 
liquid or the number of liquid droplets in the vapor flow and, hence, to an increase in the 
size of the phase boundary. The presence of these disperse particles, having a large phase 
contacting surface and undergoing relatively little surface deformation themselves, leads to 
an increase in drag. The different slopes of the curve sections is attributable to the dif- 
ferent compressibilities and deformabilities of the vapor bubbles and liquid droplets, their 
different drags and the differing curvatures of their paths. The weak dependence of drag on 
vapor content in the annular regime is due to the presence of a distinct phase boundary 
whose surface area changes little with vapor content. Here, the vapor occupies almost the 
entire cross section of the channel (0.75 < B < 0.95), while the liquid phase moves over the 
walls in the form of a film. The thickness of this film decreases with an increase in vapor 
content, which leads to some increase in the surface area of the phase boundary and drag. 

By analogy with the processes which occur in the motion of a high-pressure vapor-water 
mixture [9], the shift in flow structure for the regimes we observed is accompanied by hy- 
drodynamic crises. The first crisis occurs at vapor contents x = 0.38-0.42, while the second 
takes place at x = 0.7-0.75. With an increase in pressure, the crisis zone shifts somewhat 
toward lower vapor contents. 

Comparison of the test data on the resistance of a two-phase helium flow in the pressure 
range P = i-1.8"105 Pa (P/Pcr = 0.44-0.8) in vertical and horizontal channels with approxi- 
mate theoretical relations for models of separate and homogeneous flow of the phase (Fig. i) 
showed that the homogeneous-flow model more closely (to within • depending on the 
pressure) describes the experimental data on drag in the flow of two-phase helium in chan- 
nels. 

NOTATION 

d, diameter, m; G, mass flow rate, kg/sec; l, length, m; N, power of electric heater, 
W; P, pressure, Pa; AP, pressure drop, Pa; q, heat flux, W/p'm; r, latent heat of vaporiza- 
tion, J/kg; w, velocity, m/sec; pw, mass velocity, kg/m2"sec; x, mass flow-rate vapor con- 
tent; B, volume flow-rate vapor content; ~, absolute viscosity, Pa'sec; 0, density, kg/m 3. 
Indices: ', ", values of quantities for liquid or vapor, respectively, on the saturation 
line; in, out, values of quantities at the channel inlet or outlet; tp, two-phase; sp, 
single-phase; cr, critical; en., en~ironment;mx, mixture; acc, acceleration; expt, experimental. 

i. 

2. 
3. 

4. 
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EQUATION OF EQUILIBRIUM EMISSION AND RETARDATION PARAMETERS 

IN NUCLEAR-POWER-PLANT TURBINES WITH DISSOCIATING NITROGEN 

TETROXIDE 

E. A. Orudzhaliev UDC 621.039.534 

The equation of emission, retardation parameters, and expressions for quantities 
at the flow crisis are obtained for the case of dissociating nitrogen tetroxide. 

I. Equations of Gas Emission and Flow Rate 

The most interesting of the prospective heat carriers and working media in nuclear power 
plants is dissociating nitrogen tetroxide, i.e., the dissociating system 

N20~ ~ 2NQ ~ 2NO -b Q.  

In [I] expressions were obtained for the isentropic heat incidence in a nozzle network, 
at the working blades, and in the turbine, written respectively in the form 

2 2 p ~r / 
m'lt--:c_______j'o = _ _  ~]To [ 1 -  [ Pl (':v--l)/hr -1 R To[(Zlef)Vo__(ZOef)ro], (1) 

lzn' z=  2 ~'~ - / r  1 !. ~, Po ~ j ,t~ 

(LO)w,b=~-- kr _ 1  \ Pl / - -  ~ 2 "' 

R kr [ (P--~o) (kr-')/hr ] R To[(Z2ef)ro (Zaef)rol" (3) 
Ho -- - -  - -  ~To 1-- -- -- 

The q u a n t i t y  (k T -  1 ) / k  T a ppe a r s  in  Eqs. ( 1 ) - ( 3 ) .  In  [1 ] ,  t he  f o l l o w i n g  dependence  was e s -  
t a b l i s h e d  

Cv k r - -  1 (4) 
C0 ~ - -  - -  

R/,L~ kr 
For dissociating nitrogen tetroxide, Eq. (4) is written in the form 

kr--1 _ __R ~ (5) 

k T  ~N20,  Cp ef-" 
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