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MolecuLar-beam formation f rom a supersonic  raref ied  gas flow by using the method of [1] is accompanied 
by interaction between the free s t r eam and a conical intake (skimmer) [2]. According to modern conceptions 
[3], such interaction can be separa ted  conditionally into external  and internal. The external  sk immer  inter-  
action is understood to be the p r o c e s s  of scat ter ing the f r e e s t r e a m  par t ic les  by molecules ref lected f rom the 
outer surface  of the sk imm er  and the forming of a diffuse gas cloud or  a detached shock depending on the flow 
conditions. The internal sk immer  interaction is due to coll isions between the beam molecules themselves ,  
with the internal surface,  and with the res idual  gas behind the inlet section of the sk immer .  

In existing models of sk immer  interaction ([3-5], for e x a m p l e ) t h e m a i n r o l e  in the sk immer  flow mode 
going over  f rom the continuous to the free molecule flow is assigned to the external  interaction. In pract ice ,  
it is impossible to determine the role  of  the external  and internal interact ions separa te ly  in experimental  in- 
vest igat ions of sk im mer  interaction by the t radi t ional  method, i.e., by measur ing the pa rame te r s  In the mole-  
cular  beam during var iat ion of the f r e e s t r e a m  conditions and the sk immer  geometry .  

The purpose of this paper  is to investigate the influence of the external  s k i m m e r  in teract ion on the m o l e c -  
u la r  beam p a r a m e t e r s  by simulat ing the dissipating cloud ahead of the sk immer  by a plane shock. 

The investigations were pe r fo rmed  on the low-density gasdynamic apparatus of the Institute of Thermo-  
physics  of the Siberian Branch of the Academy of Sciences of the USSR, equipped with a molecu la r -beam sys tem 
[6]. The d iagram of the experiment  is presented in Fig. t ,  The conical sk immer  of a smal l  molecu la r -beam 
genera tor  is placed in a free ni trogen jet 1 at a fixed distance x f rom the exit of the acoustic nozzle 2. The 
nozzle d ,  and sk immer  d s d iamete r s  were 2.11 and 0.81 mm, respect ively.  A special  shock holder 6 was 
mounted ahead of the inlet edge of the sk immer  on the hollow cyl indrical  inser t  4 between the base 5 and the 
nose 3 of the sk immer  in o rde r  to form a shock. The shock holder was moved along the sk immer  axis during 
the exper iments ,  whereby a change in the p a r a m e t e r s  at the inlet edge due to the unperturbed flow conditions 
to a position behind the shock front 7 was assured.  Each experiment  mode was reproduced twice: F i r s t  the 
gas densi ty ahead of the sk immer  inlet edge was measured  by using e lec t ron-beam diagnost ics  [7] (the electron 
beam is shown in Fig. 1 by the line of double dashes 8), and then the veloci ty distribution function of the mole-  
cules in the beam by the t r ans i t - t ime  method [6]. 

Two ser ies  of measurements  were conducted at the n o z z l e - s k i m m e r  (or n o z z l e - e l e c t r o n  beam) spacings 
~/d,  = 55 and 75 for constant stagnation p r e s su re s  and t empera tu res  (p0 = 350 ram Hg and T O = 293"K). Results 
of measur ing  the normal ized  density in the s t r eam ahead of the sk immer  n / r ~  are presented in Fig. 2a as a 
function of the shock location relat ive to the e lec t ron-beam axis l =0. That location of the shock holder at 
which the density at the measuremen t  point n differed by 0.5% f rom its limit value in the absence of a shock 
noo, i.e., n/nr =1.005, was selected as the value of - 1  mm. The visible e lec t ron-beam diameter  in the m e a -  
su r emen t swas  ~ l m m .  The sk immer  was at a distance 4 mm downstream in o rder  to eliminate the contr i -  
bution of the luminescence occur r ing  during the e lec t ron-beam interaction with the sk immer  f rom the signal 
being recorded.  This introduced no noticeable changes in the shape of the shock, since the sk immer  exerts  
prac t ica l ly  nc influence on shaping the lat ter .  It is seen f rom Fig. 2a that the shock formed by the shock holder 
yields a maximum drop in the density of approximately six t imes,  as should be expected. The shock becomes 
more  extended with increasing distance f rom the nozzle. 

The dependence of the density on the molecu la r -beam axis on the coordinate l is represented in Fig. 2b. 
The sk immer  was moved 4 mm ups t ream in the molecu la r -beam measurements  so that the inlet edge of the 
sk immer  would be at the same distance f rom the nozzle as the axis of the electron beam. The molecu la r -beam 
density n b calculated as the ze ro- in i t i a l - t ime  velocity distribution hmction is also normal ized to one at l = 0. 
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It  can be seen  that  as the densi ty  r i s e s  ahead of the s k i m m e r  edge, the densi ty  being r eco rded  on the m o l e c -  
u l a r - b e a m  axis  d rops .  

The f o r m  of  the molecule  ve loc i ty  dis t r ibut ion functions,  no rma l i zed  to one at the max imum,  is shown in 
Fig. 3 (x/d. = 75) as a function of the t r an s i t  t ime  t f o r  s e v e r a l  values  of  the m o l e c u l a r - b e a m  density.  It 
follows f r o m  the r e su l t s  p resen ted  that  the f o r m  of the no rma l i zed  molecule  veloci ty  d is t r ibut ion function being 
r eco rded  in the molecu la r  beam,  and, t he re fo re ,  also the no rma l i zed  moment s  of this function (the t rans la t iona l  
t e m p e r a t u r e  and velocity) does not v a r y  under  the conditions of  f r e e s t r e a m  sca t t e r ing  by the gas  cloud (shock) 
ahead of the s k i m m e r ,  while the m o l e c u l a r - b e a m  densi ty  drops  by m o r e  than an o r d e r  of magnitude.  In our  
opinion, the e s t ab l i shmen t  of  this fact  is the main re su l t  obtained in expe r imen t s  with a shook holder .  

The following deductions can be made on the bas i s  of the expe r imen ta l  dependences obtained: 1) The 
main contr ibution to the s ignal  at the de tec to r  of a mo lecu l a r  beam is f r o m  the f r e e s t r e a m  par t i c l e s  which do 
not undergo col l is ions in the gas cloud ahead of the s k i m m e r ;  2) for  the veloci ty  under  study, the dependence 
of the to ta l  s ca t t e r ing  c r o s s  sect ion on the re la t ive  molecule  veloci ty  is inessent ia l  within the l imi ts  of m e a -  
su r emen t  e r r o r .  
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In o r d e r  to explain the r e su l t s  obtained, let us make some e s t i m a t e s .  The contr ibution to the signal  at 
the m o l e c u l a r - b e a m  de tec to r  f r o m  the f r e e s t r e a m  pa r t i c l e s  nf and the gas cloud pa r t i c l e s  n c can be d e t e r -  
mined by means  of fo rmulas  p resen ted  in [8]. The r e su l t s  of  such an e s t ima te  are  p resen ted  in Fig. 2a (curves 
1 and 2 are  for x /d ,  = 55 and 75, r e spec t ive ly ) .  The ra t io  nc/nf grows rapid ly  with the inc rease  in the densi ty  
of the sca t t e r ing  gas;  however ,  the sca t t e r ing  gas cannot introduce an es sen t i a l  contr ibution to the signal  being 
r eco rded  in the whole range  of va lues  of  l where  the molecule  ve loc i ty  dis t r ibut ion function is r eco rded  s u c c e s s -  
fully. 

Let  us e s t ima te  the mean  num ber  of col l is ions by one f r e e s t r e a m  molecule  (a pa r t i c le  of spec ies  A) with 
the gas cloud molecu les  (par t ic les  of spec ies  B). Under  the assumpt ion  that  the sca t t e r ing  gas molecu les  have 
acqui red  the t e m p e r a t u r e  behind the shock (TB-~t 2) and the f r e e s t r e a m  molecules  have the l imit  veloci ty ,  this  
number  can be de te rmined  by the fo rm u l a  [9] 

l 

2 Iv2 t' (nb (Z)/n~) dl, gAB (I) = ~d~n~ V i + vB. a 

where  d m = 3.62 �9 10 -8 cm is the molecule  d i a m e t e r  [9],VB --'-- l/-8-~Jr~m; kis the Bol tzmann constant ,  and m is 
the m a s s  of  a molecule .  The r e s u l t s  of computing ZAB are  p re sen ted  in Fig. 2a (curves 3 and 4 are  for  x /d .  = 
55 and 75, r e spec t ive ly ) .  As should have been expected,  the number  of  col l is ions ZAB grows sha rp ly  on the 
sec t ion  with the s teep r i s e  in the densi ty  n/n~; however ,  ZAB does not exceed 1.0-1.5 in that region where  the 
m o l e c u l a r - b e a m  p a r a m e t e r s  were  r eco rded .  

The e s t i m a t e s  made show that the number  of second etc .  col l is ions capable of re tu rn ing  the sca t t e r ed  
molecu les  back into the beam is sma l l .  The re fo re ,  any col l is ion of f r e e s t r e a m  molecu les  with the s ca t t e r i ng  
gas will resu l t ,  in p rac t i ce ,  in knocking molecu les  of  the spec ies  A out of the l imits  of the solid angle ~d within 
which pa r t i c l e s  moving r ec t i l i nea r l y  can fall  f rom the s k i m m e r  to the de tec tor  (in this p a p e r  f~d-~3 "10 "4 s t ) .  

In this case ,  a change in densi ty  on the m o l e c u l a r - b e a m  axis should be desc r ibed  by an exponential  
s ca t t e r i ng  law: 

nb(l)/nb.,, = exp [--qns(l)l], (1) 

where  q is the total  beam absorpt ion sect ion,  n s is the densi ty  of the sca t t e r ing  gas,  and l is the spacing at 
which sca t t e r ing  occur s .  Since the densi ty  ns depends on l ,  fo rmula  (1) is conver ted into the f o r m  

n b (1)lnb,,o = exp --  qn~ f ((n (1)In:c) - -  1) dl (2) 
0 

under  the assumpt ion  that  the densi ty  of the sca t t e r ing  pa r t i c l e s  can be de te rmined  f r o m  the r e su l t s  of m e a -  
sur ing the densi ty  ahead of the s k i m m e r  inlet  section~ n s (l) = n ( l ) -  n~.  Us hag the value of the total  absorpt ion 
sect ion obtained in [10] and the p a r a m e t e r s  n~  and n(/)/n~ f r o m  the p r e s e n t  expe r imen t s ,  the change in m o l e c -  
u l a r - b e a m  densi ty  as  a r e su l t  of sca t t e r ing  by the gas cloud ahead of the s k i m m e r  can be es t imated  by means  
of (2). 

The r e su l t s  of  such e s t i m a t e s  a re  superposed  by solid lines in Fig. 2b (curves 5 and 6 are for x / d .  = 55 
and 75, r e spec t ive ly ) .  Good a g r e e m e n t  between the computat ions and the expe r imen ta l  r e su l t s  conf i rms  the 
val idi ty  of the assumpt ions  made and affords the poss ib i l i ty  of  es t imat ing  the drop in densi ty  in a mo lecu la r  
b e a m  because  of a gas  cloud ahead of a s k i m m e r  by using (2). 

I t  has  t h e r e f o r e  been es tab l i shed  that  conditions ex is t  under  which the ex te rna l  s k i m m e r  in teract ion does 
not d i s to r t  the no rma l i zed  f r e e s t r e a m  molecule  ve loc i ty  dis t r ibut ion function. Among such conditions a re  a 
sma l l  de tec tor  solid angle and a mean number  of f r e e s t r e a m  molecule  col l is ions with the sca t t e r ing  gas 
Z A B -  1. The r e su l t s  obtained show that  the re  is no need for  high demands  on the quality of  leading edge and 
outer  su r face  fabr ica t ion  for  the s k i m m e r  in dis t r ibut ion function m e a s u r e m e n t s .  The dis tor t ions  in the d i s -  
t r ibut ion  e a r l i e r  in m o l e c u l a r - b e a m  format ion  [3] by using a s k i m m e r  are  due pr inc ipa l ly  to p r o c e s s e s  
occu r r ing  downs t r eam of the s k i m m e r  inlet sect ion,  i .e.,  to the internal  s k i m m e r  interact ion.  
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S I M P L E  WAVE E Q U A T I O N S  OF 

OF A GAS - D U S T  M I X T U R E  

V. V. Z h o l o b o v  and  L .  G. 

O N E - D I M E N S I O N A L  M O T I O N  

Z h o l o b o v a  UDC 532.529 

~1. The equations of one-dimensional nonstationary motion of a ga s -dus t  mixture [1] can be written in 
the following form: 

o 0 
Ot vl -- ~ ul = O, (1.1) 

o o o o _,_ o 
vl ~-v2 ~- (u 2 ~ ~- ul ~ P = -- Vlf12 , - uD ~ vs - vs us ---- 0,  

a o 
v: W us + (us - u : ) ~  us = vo.vdls, 

o o 
•I "~-  P "~ ~P " ~  •1 : (~ - -  l )  Vlfl2 (U 1 - -  US) - -  ~1 ( r l  - -  T2), 

8 0 
ol W r2  + (us - u D - ~  r~ = ~svl ( r l  - T2), 

vxd~ = do: - -  u~dt,  

where ui, vi, and T i are the velocities, specific volumes, and temperatures  of the phases (the subscript 1 re -  
fers  to the parameters  of the gas); p is the pressure ;  fl2 is the volumetric force due to the interaction between 
the gas and the particles as a resul t  of frictional forces;  and 7 is the ratio of the specific heat capacities of the 
gas. The coefficients ~ i have the form 

where p~ is the true density of the second phase, d is the diameter of the part icles;  X l is the thermal  conduc- 
tivity; and Nu is the Nusselt number. The te rms reflecting the force interaction and thermal  interaction be- 
tween the phases are expressed in concrete form as follows [2]: 
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