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The dependence of the fundamental characteristics of an electrogasdynamic ex- 
pander on the velocity and mobility of the electrically charged two-phase flow 
particles is examined. Results are presented of an experimental investigation 
of the velocity of the condensed two-phase flow particles by using a laser 
Doppler anemometer. 

One of the areas for the perfection of cryogenic support system in order to raise their 
lifetime, reliability, and thermodynamic efficiency is to search for solutions based on new 
internal cooling methods, in principle. In this area is obtaining low temperatures during 
expansion of the two-phase cryogenic agent flow in an electrogasdynamic (EGD) expander [i]. 

The operating principle of the EGD expander is based on interaction between the stream 
of the working body containing charged particles and an electrical field retarding the mov- 
ing charges. Because of such interaction the uncharged part of the stream that communicates 
part of its kinetic energy to the charged component overcoming the retarding action of the 
field performs work against the external forces, is expanded and cooled. The condensed 
phase of the two-phase stream is used as the electrical charge carrier in the EGD expander. 
Charging the condensed particles can be realized by using a corona discharge, say. 

The change in the enthalpy of the stream passing through the EGD expander under adia- 
batic conditions equals the difference in the powers removed from the collector Nco I and 
supplied Nco r to sustain the corona discharge. 

The adiabatic efficiency (had), which can be written thus in general form in applica- 
tion to EGD expansion 

~ad : (N~176 N~176 (1) 

i s  o r d i n a r i l y  used as the  c r i t e r i o n  of  thermodynamic p e r f e c t i o n  of  expanders .  

Another  impor t an t  EGD expander  c h a r a c t e r i s t i c  i s  t he  va lue  of  the  u s e f u l l y  a c t i v a t a b l e  
p r e s s u r e  drop Ape I ( c o n v e r t e d  i n t o  expans ion  power) per  s t a g e .  

The q u a n t i t y  of  EGD expander  expans ion  s t a g e s  t h a t  can be a p p l i e d  in  s p e c i f i c  low-tem- 
p e r a t u r e  i n s t a l l a t i o n  schemes depends on Ape 1. 

Since the direct solution of the equations describing the EGD flow of the working body 
is impossible with assumptions satisfying the accuracy of engineering computations, we ob- 
tained expressions for Had and Ape I in [2, 3] in the form 

1 - - Z  + (Z - -  1)/(]/(1 - - Z  -k Y) /ZY  q- I (2)  
�9 d = 1 + Y ( Z ] / ~ - - Z +  Y ) / Z Y - k  1)/(! - -Z)  

The va lue s  of  the  d i m e n s i o n l e s s  complexes Z and Y a re  de te rmined  f o r  the  g r e a t e s t  p o s s i b l e  
volume charge  d e n s i t y  a t  t he  i npu t  to  the  zone of  EGD expander  energy  c o n v e r s i o n  

Z -- 2bE/m (3 )  
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Fig. i. Schematic diagram of the laser Doppler 
anemometer for investigation of the two-phase 
stream hydrodynamic characteristics. 

where 

y -- ~f~v ~ 

8~0 (E/n)2u 

The usefully activatable pressure drop per stage equals 

4Ncol 4A ( - -  B -t- I / B 2 +  CRed)Z 
hPad ~D2u ~D~P, ad 

(4) 

(s) 

A = (8e%nDbu)-~; ( 6 ) 

B = e%~D2u2; ( 7 ) 

16bED 
C - -  - -  (e%nD) 3 u ~. ( 8 ) 

n 

I t  f o l l o w s  f rom ( 2 ) - ( 8 )  t h a t  i n f o r m a t i o n  a b o u t  t h e  c h a r g e d  p a r t i c l e  v e l o c i t y  u in  an e l e c t r i -  
c a l  f i e l d  o f  i n t e n s i t y  E and t h e i r  c o e f f i c i e n t  o f  e l e c t r i c a l  m o b i l i t y  b i s  n e c e s s a r y  f o r  t h e  
c o m p u t a t i o n  o f  qad and bpe 1. To p e r f o r m  an e f f e c t  e x p a n s i o n  p r o c e s s  i t  i s  a l s o  n e c e s s a r y  t o  
know t h e  c o n d e n s e d  p h a s e  d i s t r i b u t i o n  in  t h e  w o r k i n g  body s t r e a m  in  t h e  s t r o n g  e l e c t r i c a l  
f i e l d .  

Such i n f o r m a t i o n  can  be o b t a i n e d  mos t  r e l i a b l y  on t h e  b a s i s  o f  d i r e c t  m e a s u r e m e n t s  o f  
t h e  c o n d e n s e d  p a r t i c l e  v e l o c i t i e s  i n  t h e  t w o - p h a s e  s t r e a m  by u s i n g  a l a s e r  D o p p l e r  anemomete r  
(LDA) [ 4 ] .  

D i a g n o s t i c s  o f  l o w - t e m p e r a t u r e  s t r e a m s  i s  c o m p l i c a t e d  by t h e  f a c t  t h a t  t h e  c h a n n e l  o v e r  
which  t h e  w o r k i n g  body f l o w s  s h o u l d  be  such  t h a t  t h e  h e a t  i n f l u x  would be m i n i m a l  t o  t h e  
m e a s u r e m e n t  zone .  

Tak ing  t h i s  r e q u i r e m e n t  i n t o  a c c o u n t  as  w e l l  as  r e q u i r e m e n t s  o f  o p t i c a l  t r a n s p a r e n c y  
and r e l i a b l e  EGD i n s u l a t i o n ,  t h e  c h a n n e l  was e x e c u t e d  f rom o r g a n i c  g l a s s .  I t s  i n n e r  d i ame-  
t e r  and l e n g t h  were  4 and 25 mm, r e s p e c t i v e l y .  

Two-phase  s t r e a m s  ( v a p o r - s o l i d  p a r t i c l e s ,  v a p o r - l i q u i d )  o f  c a r b o n  d i o x i d e  were  u s e d  as  
work ing  b o d i e s .  The v e l o c i t y  r a n g e  o f  t h e  v a p o r  p h a s e  was V = ( 1 0 - 5 0 )  m / s e c ,  t h e  c o n d e n s e d  
p a r t i c l e  m a s s - c o n c e n t r a t i o n  was x = (0 -18 )%,  and t h e  p r e s s u r e  was p = ( 0 . 1 5 - 0 . 5 5 )  MPa. 

R a d i a t i o n  f rom t h e  l a s e r  1 ( F i g .  1) in  t h e  d i f f e r e n t i a l  LDA scheme u s e d  f o r  CO 2 s t r e a m  
d i a g n o s t i c s  was d i r e c t e d  t o  t h e  u l t r a s o n i c  m o d u l a t o r  2 o p e r a t i n g  in  t h e  Raman-Nata  d i f f r a c -  
t i o n  mode. A f t e r  t h e  m o d u l a t o r ,  a p a i r  f o r m i n g  t h e  i n i t i a l  s o u n d i n g  beams i s  s e l e c t e d  o u t  o f  
t h e  beams d i f f r a c t e d  by t h e  t r a v e l i n g  u l t r a s o n i c  wave,  whose r a d i a t i o n  f r e q u e n c i e s  d i f f e r  by 
fM- The i n i t i a l  p r o b i n g  beams a r e  f o c u s e d  and d i r e c t e d  by t h e  l e n s  3 a t  t h e  t w o - p h a s e  s t r e a m  
p o i n t  b e i n g  i n v e s t i g a t e d  4. L i g h t  s c a t t e r e d  by t h e  c o n d e n s e d  w o r e k i n g  body p a r t i c l e s  i s  c o l -  
l e c t e d  by t h e  r e c e i v e r  c o n s i s t i n g  o f  an o b j e c t i v e  5,  an i r i s  c ,  a p h o t o m u l t i p l i e r  7, and a 
s e t  o f  s t a n d a r d  r a d i o  m e a s u r i n g  d e v i c e s  8 t h a t  i n c l u d e s  a $4-25 p a n o r a m i c  s p e c t r u m  a n a l y z e r ,  
a h i g h - f r e q u e n c y  G4-102 s i g n a l  g e n e r a t o r ,  and an e l e c t r o n i c a l l y - c o u n t i n g  f r e q u e n c y  m e t e r  
ChZ-34. Such a s e l e c t i o n  of  t h e  a p p a r a t u s  f o r  p r o c e s s i n g  t h e  D o p p l e r  s i g n a l  was g o v e r n e d  
by t h e  low " s i g n a l - n o i s e "  r a t i o  a t  t h e  i n p u t  o f  t h e  m e a s u r i n g  s y s t e m ,  e l i m i n a t i n g  t h e  a p p l i -  
c a t i o n  o f  s p e c i a l  e l e c t r o n i c  p r o c e s s o r s  o f  t h e  c o u n t i n g  o r  f o l l o w i n g  t y p e s .  
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Fig. 2. Profiles of the velocities u, m/sec of con- 
densed particles for channels D = 8 mm (Vm.va D = 15 m/ 
sec) (a) and D = 4 mm (Vm.va p = 49 m/sec) (b)~ 

The fundamental LDA parameters are the following: 

Laser radiation wavelength ~ = 0.6328.10 -e m; 
Angle of probing beam reduction e = 4.95~ 
Modulation frequency fM = 7.5 MHz; 
Section of the measuring volume 2.33.10 -~ mm 2. 

Among the features of LDA utilization for stream diagnostics in the EGD channel should 
be, firstly, the absence of accurate initial data on the dimensions and shape of the light- 
scattering centers, secondly, substantial fluctuations in the condensed particle concentra- 
tion as the operating mode of the installation under investigation changed, and thirdly, the 
fact that sounding the CO 2 stream was realized through a thick (~30 mm) cylindrical wall of 
the working part of the channel fabricated from organic glass. 

The measuring system permits a distribution of the condensed particle velocities to 
be obtained over the EGD channel diameter and length (Fig. 2). As is seen from the figure, 
the velocity profile over the channel diameter is close to the distribution characteristic 
for a developed turbulent flow. 

Processing the condensed particle velocities obtained experimentally showed that slip 
of the working body phase is 8-10% with an error not exceeding 1.5%. The magnitude of par- 
ticle slip relative to the vapor at high stream velocities and the form of the velocity pro- 
file permit making a qualitative deduction about the mean size of the condensate particle in 
a two-phase carbon dioxide stream not exceeding 1 pm. 

Measurements of the condensed phase velocities with and without an electrical field 
superposed permitted estimation of the electrical mobility of the CO 2 particles. In an 
electrical field of E = 3.5 Mv/m intensity for a mean stream velocity of v = 49 m/sec and 
a pressure p = 0.21 MPa, the electrical mobility had the value b = 3.7.10 -7 m2/V.sec). 

Limit values of the adiabatic efficiency qad [2] and the pressure drop Ape I activated 
in an EGD expander [3] were estimated on the basis of data from experimental investigations. 
In particular, for two-phase CO 2 stream qad can reach 65-75% and the pressure drop Ape I up 
to 0.i MPa. 

Therefore, by using laser Doppler diagnostics the low value of condensed particle slip 
relative to the vapor (up to 10%) in an EGD expander could successfully be confirmed experi- 
mentally in the regimes investigated. Measurements of the internal working body parameters 
in an EGD expander channel by using a LDA permitted reliable determination of the charged 
particle mobility and computation of the magnitude of the pressure drop and adiabatic effi- 
ciency of the EGD expansion process on this basis. The legitimacy of the assumptions used 
in [2, 3] to derive ~ad and Ape I is verified by direct measurement of the two-phase stream 
phase velocities and the condensed particle distribution in the EGD expander channel. 

The results obtained in measuring the condensed particle velocities and their distribu- 
tions in a two-phase stream are an important first step in the investigations. Their main 
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problem is utilization of laser diagnostics to develop such EGD expander processes for 
which the maximal specific power would be extracted from the expanding working body for high 
values of had- This multiple-factor problem associated with optimizing the two-phase stream 
parameters and profiling the EGD expander channel, can be solved successfully by using mea- 
surements of the internal EGD expander characteristics. 

NOTATION 

Ns, power of an isentropic expansion process; m, coefficient characterizing the influ- 
ence of the stream velocity on the volt-ampere characteristics of a corona discharge; n, 
coefficient taking account of inhomogeneity of the electrical field; nef.e, coefficient 
characterizing the efficiency of the working body charge in a corona discharge field; v, 
stream velocity; $#,. friction resistance coefficient; p, stream density; D, EGD expander 
channel diameter; ~i, collector electrical resistance; e, dielectric permittivity of the 
medium; e o = 8.85"i0 -12 F/m. 
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