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The  r e su l t s  a r e  p re sen ted  for  a study of the flow s t ruc tu re  in the superson ic  flow of a i r  
around a cyl indr ica l  body with an open and a blocked inner  channel under  the conditions 
of al t i tudes of 54-67 kin. The s tudies  were  conducted on a low-dens i ty  wind tunnel us ing 
the e lec t ron  beam method of m e a s u r e m e n t s .  

In the study of the e l ec t r i ca l  p r o p e r t i e s  of the upper  l a y e r s  of the a t m o s p h e r e  pickups consis t ing of a 
condenser  made in the fo rm of a hollow body of ro ta t ion  a r e  used  to m e a s u r e  the concentra t ion  of ions [1, 
2]. 

As the pickup is moved  in the a t m o s p h e r e  the ions enter ing the inner cavi ty  of the pickup along with 
the a i r  a r e  f i l te red  by an e lec t r i c  field. To de t e rmine  the ion concentra t ion  one m u s t  know the flow ra te  
of the a i r  pass ing  through the pickup. In the upper  l a y e r s  of the a t m o s p h e r e  where  flow around the pickup 
is e ssen t i a l ly  v i scous  the de te rmina t ion  of the flow r a t e  of gas through the pickup p r e s e n t s  cons iderable  
difficulty.  The  flow ra te  is d e c r e a s e d  because  of forcing back  by a thin boundary l aye r  in the in te r io r  of 
the pickup channel.  In  the case  of supersonic  flow of a i r  around the pickup the p ic ture  is compl ica ted  by 
the p r e s e n c e  of a bow shock wave ,  poss ib ly  detached. C o r r e c t  de te rmina t ion  of the flow r a t e  r e q u i r e s  the 
conducting of deta i led ca l ibra t ions  of the pickup under conditions c lose  to those under  which the pickup is 
used.  

g 3 

Fig. 1. D iag ram  of working sect ion.  
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The purpose  of the p r e s e n t  work  cons i s t s  in an 
exper imen ta l  e s t ima te  of the ra t io  between the t rue  
flow r a t e  through the pickup and the flow ra te  ca l cu -  
la ted f rom the flight ve loc i ty  and the a r e a  of the en -  
t r ance  c r o s s  sec t ion  for  a specif ic  pickup and a s p e c i -  
fic mode of flight. 

Method and Techniques  of E x p e r i m e n t s .  The 
s t ruc tu re  of the v i scous  flow of a supersonic  s t r e a m  
around a specif ic  body is c h a r a c t e r i z e d  by the Mach 
and Reynolds number s .  A spec ia l  lengthy se lec t ion  
of wind tunnel nozz les  is r equ i r ed  for  the model l ing 
of the va r i a t ion  in Mach number  and alt i tude of actual  
flight under  ground conditions. 

A single conical  nozzle  with a mouth d i a m e t e r  
of 150 m m ,  s e m t a p e r t u r e  angle of 10 ~ and g e o m e t r i -  
cal  Maeh number  of 2 was  used  in our  expe r imen t s .  
Var ia t ion  in the flow r a t e  through the nozzle  made  it 
poss ib le  to v a r y  the Reynolds number  for the pickup 
with sma l l  deviat ions in the Mach number  f rom the 
va lues  which occur  under  actual  flight condit ions.  
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TABLE 1. Flow P a r a m e t e r s  and Modes of Nozzle 0 ~eration 

I Mode 1 2 3 4 

Po, ~m Hg 
To, 
T=, ~K 
M~ 
p~.lO 4. kg/m a 
H. km 
Re~ 
Kn| 

o, 169 
302 
181 

1,83 
6,35 
54,7 
128o 
o,o18 

o. lO8 o,o71 
299 300 
193 187 

1,66 ! ,73 
4.32 2,73 
58.1 62,1 
790 520 

o,o24 o,o38 

e,o37 
3Ol 
21o 

1,13 
1,41 
67,2 
180 

o,o4 

A diagram of the experimental  sect ion is given in Fig. 1. The supersonic  nozzle 1 is mounted within 
the vacuum chamber  of the wind tunnel in such a way that an e lec t ron  beam pass ing f rom the e lec t ron gun 
2 to the col lec tor  6 c ro s sed  the s t r eam from the nozzle in a perpendicular  d i rect ion through the axis.  The 
pickup for which the flow is being studied is mounted movably in the s t r eam beyond the nozzle.  The con-  
s t ruct ion of the nozzle consis ts  of the hollow cylinder  5 which is 60 m m  in d iameter  and 250 mm long with 
a central  body 3 which is 15 mrn in d iameter .  A plug 4, which c loses  the inner channel of the pickup when 
n e c e s s a r y ,  is mounted movably on the pickup holder.  The region of space in front of the pickup being 
studied was scanned by displacement  of the pickup relat ive to the e lec t ron beam. 

The radiat ion excited by the e lec t ron  beam in the gas is focussed by the lens 8 through the vacuum 
chamber illuminator 7 onto the entrance slit of the monochromator 9 which is equipped with a photomulti- 
plier. The density and rotational temperature of the air can be determined from a spectral analysis of the 
radiation. A similar method is described in [3, 4]. To record the intensity of illumination, which reflects 
N~+e air densoity, the monochromator was tuned to the edge of the (0, 0) band of the first negative system of 
2 at 3914 A. The R-wing of this band was used to determine the rotational temperature. The localization 

of the measurements is determined by the diameter of the electron beam (~2 mm) and the height of the ob- 
serving zone (not more than 12 mm). 

The pressure and temperature in the nozzle forechamber were taken as the stagnation parameters of 
the stream. The pressure was measured by a U-shaped manometer and the temperature by a thermo- 

couple. 

The parameters of the stream impinging on the pickup were measured in the following way. First 
the rotational temperature of the nitrogen of the air was measured with the pickup placed far from the noz- 
zle. Then the Mach number and density were calculated from the stagnation parameters on the assumption 
that the measured temperature and the air temperature are equal and the expansion in the core of the 
stream is isentropic. The modelled flight altitude was determined from the density using the standard 
atmosphere of [5]. 
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Fig. 2. Axial density prof i les  in front of pickup in modell ing of 
different  al t i tudes.  Curves  1, 2, 3, and 4 cor respond  to the modes  
of Table i (x, ram). 

Fig.  3. Compar i son  of axial density prof i les  and shape of shock 
wave for pickup with open (curve 1) and closed (curve 2) inner 
channel.  Mode 1. (x, ram). 
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0~o Fig.  4. Dependence of G R / G  Z 
on the model led  flight al t i tude 
(H, kin). 

The axial  densi ty  p ro f i l e s  w e r e  r eco rded  with the pickup approaching  the nozzle  until the e l ec t ron  
beam touched the edge of the pickup. Densi ty  p rof i l es  pa ra l l e l  to the axis  at  d i f ferent  d i s tances  f rom it 
w e r e  taken with the shif t ing of the point of obse rva t ion  along the e lec t ron  beam.  

Expe r imen ta l  Resu l t s .  The gas -dynamic  t e s t s  of the pickup were  conducted in four modes  of nozzle  
oPerat ion.  The flow p a r a m e t e r s  a r e  given in Table  1. The Reoo and Kn~  number s  we re  de te rmined  f rom 
the d i a m e t e r  of the pickup. T h e i r  range  of va r i a t ion  indicates  that  the mode of s t r e a m l i n e  flow l ies  in the 
t rans i t iona l  reg ion  f rom continuous flow to f r e e - m o l e c u l a r  flow. The s t rong  influence of v i scous  e f fec ts  
should be ant icipated.  

The r e su l t s  of m e a s u r e m e n t s  of the axial  densi ty p rof i l es  a r e  p r e s e n t e d i n  Fig. 2. The p r e s e n c e  of 
a shock wave in f ront  of the pickup is obs e rved  in all  the modes .  The th ickness  of the shock front  is c o m -  
pa rab le  with the pickup d iamete r .  "Blur r ing"  of  the shock front  is obse rved  with an i nc rea se  in alt i tude.  

The di f ference  in the flow s t ruc tu re  for  flow around an open and a c losed pickup is  i l lus t ra ted  in Fig. 
3. An inc rea se  occu r s  in the sepa ra t ion  of the bow shock f ront  when the p a s s - t h r o u g h  sec t ion  of the p i ck -  

up is  shut off. 

The magnitude of the sepa ra t ion  of the bow shock wave f rom the body is  an indicator  of the hydraul ic  
r e s i s t a n c e  of the pickup for  the impinging gas .  The r e su l t s  of an e s t ima te  of the ra t io  of the actual  flow 
ra te  GR through the pickup to the flow r a t e  GZ of the c u r r e n t  running in the tube a r e  p r e s e n t e d  in Fig.  4. 

In  the calculat ion of G R / G Z  it  was  a s s u m e d  that  the re  is a propor t iona l  re la t ion  between the s e p a r a -  
t ion of the wave and the d i f ference  between the ca lcu la ted  and actual  flow of  a i r  through the pickup (A ~ G Z 
- G R ) .  The point with the m a x i m u m  densi ty gradient  was  taken as  the posi t ion of the shock wave.  Thus ,  
G R / G Z  = 1 - - A / A t ,  where  A and A 1 a r e  the magni tudes  of the sepa ra t ion  of the shock wave f rom the open 
pickup and f r o m  the s a m e  pickup with a c losed  inner  channel.  

I t  should be ment ioned that  the e s t i m a t e  of G R / G Z  by this method has  an approx imate  nature  and can 
be used  only as an i l lus t ra t ion  of the deviat ion of the t rue  flow r a t e  of  a i r  through the pickup f rom the r a t e  

ca lcula ted  f rom the c u r r e n t  impinging on the tube. 

In conclusion it m u s t  be noted that  the model l ing and imi ta t ion of the flow around ion concentra t ion 
pickups used  to study the e l ec t r i ca l  p r o p e r t i e s  of the upper  l a y e r s  of the a t m o s p h e r e  can be conducted on 

a low-densi ty  wind tunnel. 

The shock wave genera ted  in the flight of pickups of this configurat ion in the alt i tude range  of 54-67 
km is  an i so la ted  consequence of the l a rge  hydraul ic  v i scous  l o s se s  in the in te r io r  of the channel. 

The actual  flow r a t e  through the pickup di f fers  f rom the flow r a t e  ca lcula ted  f rom the pickup d i a m e t e r  

and the veloci ty  of the impinging s t r e a m  by 3-10 t i m e s  at  a l t i tudes of 54-67 km.  

NOTATION 

P 
T 
M, Re,  Kn 
H 

P 
G 
X 

A 

is the p r e s s u r e ;  
is the t e m p e r a t u r e ;  
a r e  the Mach,  Reynolds ,  and Knudsen number s ,  r e spec t ive ly ;  

is  the al t i tude;  
is the densi ty;  
is the m a s s  flow r a t e ;  
is the d is tance  f rom edge of pickup; 
is the sepa ra t ion  of shock wave.  
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S u b s c r i p t s  

0, oo denote the parameters  of the stagnant and undisturbed flow; 
Z denotes the calculated value; 
R denotes the actual value; 
1 denotes the value with closed pickup channel. 
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