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The t e m p e r a t u r e  drop during f r ee  expansion of a gas f r o m  a nozzle into a vacuum can resu l t  in the o r ig -  
ination of supe r sa tu ra t i on  and condensation.  Under these  conditions, the spoilage of the equi l ibr ium between 
the t r ans la t iona l  and internal  deg rees  of  f r eedom of the molecu les ,  including the rotat ional ,  is poss ib le  [1]. Re-  
po r t s  about m e a s u r e m e n t s  of  the ro ta t ional  t e m p e r a t u r e  in condensing gas flows, c a r r i ed  out by using an e l ec -  
t ron  beam for  d iagnost ics  [2], as well as Raman sca t t e r ing  [3], have appeared  in the l i t e ra tu re .  The authors of 
the paper s  mentioned did not detect  any d is turbances  of the Boltzmann dis tr ibut ion in record ing  the population 
of the low rota t ional  levels .  The d is turbance  of the Boltzmann dis t r ibut ion was invest igated in [4] in a broad 
range  of pod, (P0 is the stagnation p r e s s u r e  and d ,  is the d i ame te r  of the nozzle c r i t i ca l  section),  and the hy- 
pothes is  that an anomalous ly  high value of the upper  level  population for large Pod, is caused by the effect  of 
condensat ion has  been e x p r e s s e d .  

The purpose  of this pape r  is to invest igate  the kinet ics  of the population of the ground state  rota t ional  
levels  of ni t rogen molecu les  during combined rota t ional  re laxat ion  and condensation in an expanding s t r e a m  of 
ni t rogen and a mix ture  of ni t rogen with carbon dioxide. The m e a s u r e m e n t s  were  p e r f o r m e d  on the axis of a 
f ree  jet  where  the re  is no influence f r o m  the surrounding gas and the flow is the s ame  as during expansion into 
a vacuum.  The investigation is p e r f o r m e d  on the gasdynamic  low-densi ty  appara tus  of the Insti tute of T h e r m o -  
phys ics ,  Siberian Branch,  Academy of Sciences of the USSR [5] - the VS-4 stand. 

w Nozzles  with d ,  =2.11 and 0.54 m m  in the fo rm of a hole in a thin wall with nozzle edge thickness  
much less  thma the d i a m e t e r  were  used,  which afforded a basis  for  neglect ing the influence of the boundary 
l aye r .  Technical ly  pure  ni t rogen and carbon dioxide were  the working gases .  ~ h e n  working with the mix tu res ,  
they were  p r epa red  in the nozzle  p r e c h a m b e r .  The stagnation t e m p e r a t u r e  in the p r e c h a m b e r  T O was checked 
by a thermocouple  and was close to r o o m  t e m p e r a t u r e ,  T0=292~ in all the expe r imen t s .  The nitrogen density 
and the populations of the ro ta t ional  level  of its ground state  Xl~g § were  measu red  by e l e c t r o n - b e a m  diagnos-  
t ic  methods [4, 6]. The e lec t ron  beam pene t ra ted  the jet  at some dis tance x f rom the nozzle  exit .  Radiation 
f r o m  the "point ,  of in te rsec t ion  of the beam with the je t  axis was t r ansmi t t ed  to two monochroma to r s  on opposi te  
s ides of the vacuum chamber  by using a lens.  One monoch roma to r  (the SPM-2) was to ex t r ac t  the OO band of 
the f i r s t  negat ive s y s t e m  of ni t rogen and to m e a s u r e  the densi ty,  while the second (the DFS-12) was to r eco rd  
the ro ta t ional  s p e c t r u m  of the s ame  band. The dimensions  of the "point" during record ing  of the s p e c t r u m  were  
de te rmined  by the d i am e t e r  of the e lec t ron  beam (~2 ram) and the height of the sli t  ( f rom 0.5 to 5 mm).  The 
m o n o c h r o m a t o r  sl i t  was pe rpend icu la r  to the e lec t ron  beam during the density m e a s u r e m e n t s  and the sect ion 
of the beam ex t rac ted  with r e s pec t  to the height was 1 m m  in this case .  

As invest igat ions show [4], the population of the rota t ional  levels  in a low-densi ty  jet  can depend sub-  
s tant ia l ly  on the background or iginat ing during je t  in teract ion with the surrounding gas.  To diminish the in- 
fluence of the background,  the p r e s s u r e  in the vacuum chamber  was maintained as sma l l  as poss ible  for the 
se lec ted  gas d i scharge .  To check the influence of the background, the population of the levels  were  measu red  
for  d i f ferent  sur rounding gas p r e s s u r e s .  The m e a s u r e m e n t s  showed that all the resu l t s  p resen ted  below are 
f ree  of the influence of the background and co r respond  to escape  into a vacuum. 

The following are  the methodological  uncer ta in t ies  occu r r ing  in m e a s u r e m e n t s  in flows with c lus te r s  by 
using an e lec t ron  beam.  F i r s t ,  molecule  ionization by e lec t ron  impact  can acce le ra t e  condensation on ions ex-  
act ly as in a Wilson ehember ;  second, the actual  influence of the c lus t e r s  on the radia t ion of the f i r s t  negative 
s y s t e m  of bands is not c lea r .  The acce le ra t ion  of condensation because  of ions should be propor t iona l  to the i r  
densi ty  and, the re fo re ,  to the e lec t ron  beam cur ren t .  Measu remen t s  trader conditions when the influence of 
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condensation was expected  to be m ax i m a l  in these  e x p e r i m e n t s  {P0 = 8000 m m  ttg) for  different  beam cur ren t s  
did not d i sc lose  any influence of the magnitude of the cu r r en t  on both the densi ty  m e a s u r e m e n t s  and the popula-  
t ion dis t r ibut ion (Fig. 1, where N k is the population of the k- th  ro ta t ional  level  and i is the beam cur ren t ,  mA). 

The radia t ion intensi ty  of  the OO band to be r eco rded  in a flow with c lus t e r s  because  of exci ta t ion by 
e l ec t rons  can be sub jec ted  to the dependence 

I ~ Y(~vnX, 
N 

where  a N is the exci ta t ion sect ion of  the s ta te  X~g  ~ by e lec t ron  impact ,  and n N is the number  of c lu s t e r s  p e r  
unit volume consis t ing of N molecu les .  This  exp re s s ion  is valid upon compl iance  with the following conditions: 
When the e x c i t a t i o n - r a d i a t i o n  p r o c e s s e s  are  not pe r tu rbed  by kinet ic  gas col l is ions and deact ivat ion of the 
levels  occu r s  only by spontaneous radiat ion,  the radia t ion of the molecu les  in the c lus te r s  occurs  with the s ame  
wavelength as in m o n o m e r s .  The f i r s t  condition is sa t i s f ied  for  m o n o m e r s  with dens i t ies  ~10 ~r p a r t i c l e s / c m  s. 
As r e g a r d s  the second condition, the re  is no definite informat ion about this question, and no changes  were  de-  
tec ted  in the s p e c t r a  which could have been r e f e r r e d  to the radia t ion exci ted in the condensed phase  in these  
expe r imen t s .  According to [7], the ionization sect ion of Ar,  CO2, and N 2 by e lec t ron  impact  is p ropor t iona l  to 
the number  of molecu les  in the c lus t e r s  for  N<50 and s t a r t s  to grow as NZ/~ for N > 50. Since the f i r s t  nega-  
t ive s y s t e m  of bands co r re sponds  to t rans i t ion  between ion levels ,  it can be a s sumed  that the same  dependence 
on the number  of molecu les  in the c lus t e r  is conse rved  even for  exci tat ion of the s ta te  N~B2F.u *. Then for  
N <50 the re la t ionship  

I N  o~Nnx 
N 

should be sa t i s f ied ,  where  g is the m o n o m e r  exci ta t ion sect ion.  Since the gas densi ty  is n = -V-Nnx. m e a s u r e -  
N 

merits of n should not d i sc lose  the p r e s e n c e  of c lu s t e r s  p r i o r  to N < 50. In the p r e s e n c e  of c lus t e r s  with N > 50, 
the s ignal  being r eco rded  should be l ess  than f rom m o n o m e r s  at the s ame  densi ty.  

g2. The r e su l t s  of m e a s u r i n g  the densi ty  and ro ta t iona l  ene rgy  as a function of the complex pod, (d, = 
0.54 mm;  P0 is the s tagnat ion p r e s s u r e  in m m  Hg) at a d is tance  of x / d , = 6 6 . 1  is r e p r e s e n t e d  in Fig. 2a, where 
curves  1 and 2 a re  the ni t rogen densi ty  n normal i zed  re la t ive  to the s tagnat ion densi ty  n o in pure  ni t rogen and 
in a mix tu re  with a 10% m o l a r  f rac t ion  of carbon dioxide; curve  3 is the ene rgy  of the ro ta t ional  deg rees  of 

f r e e d o m  ER -- ~ k (k -kl)GN~/~Nk; and curve  4 is the t r ans la t iona l  t e m p e r a t u r e  T t according to an e s t ima te  
1 / O  

of the ex t rapola t ion  of the " t e m p e r a t u r e  of the population" to the zero  value of k [8]. In the expres s ion  for the 
energy ,  ~ is the c h a r a c t e r i s t i c  t e m p e r a t u r e ,  and N k is the population of the k- th  ro ta t ional  level .  Data on the 
population of the levels  under  these  s ame  conditions are  p re sen ted  in Fig. 2b in the f o r m  of the "population 
t e m p e r a t u r e "  T k. These  quanti t ies  were  calcula ted by means  of the fo rmula  Nk=No(2k+l) exp [ - k ( k  ~-I)~/T k] 
by subst i tut ing the m e a s u r e d  values  of N k and N 0. The number s  in Fig. 2b denote the n u m b e r  of the level .  

Up to pod, 29-102 for  pure  ni t rogen,  an inc rease  in this complex is accompanied by a diminution in the 
ene rgy  of the ro ta t ional  degrees  of f r e edom  and by the approach to equi l ibr ium between the ro ta t ional  and 
t r ans la t iona l  deg rees  of  f r eedom.  Up to the mentioned pod, ,  the t r ans la t iona l  t e m p e r a t u r e  gradual ly  diminished,  
tending to the i sen t ropic  value (it equals  4.1"K for  the given x / d , ,  T0=292~ The re la t ive  densi ty  (curve 1) 
v a r i e s  weakly in this range of Pod, .  For  Pod, > 9 �9 102 a s ignif icant  drop in the re la t ive  densi ty  and a r i s e  in the 
t r ans l a t iona l  t e m p e r a t u r e  a re  obse rved ;  the growth of the ene rgy  Ell s t a r t s  somewhat  e a r l i e r .  
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The mentioned changes in the p a r a m e t e r s  detected for  the lower pod, are more  substant ia l  in the mix-  
tu re  of ni t rogen with carbon dioxide (curve 2 of the re la t ive  densi ty in the mixture) .  

As is seen f r o m  Fig. 2b, there  is no Bol tzmann dis t r ibut ion in the whole range  of pod, values  invest i -  
gated. An inc rease  in Pod, (and, the re fo re ,  an inc rease  in the col l is ion frequency) contr ibutes  to a diminution 
in the npopulation t e m p e r a t u r e s "  and the i r  approach to the isentropic  t e m p e r a t u r e .  However ,  s ta r t ing  with 
cer ta in  values  of Pod,,  this  tendency is spoiled and a r i s e  in the "population t e m p e r a t u r e s "  is observed .  Here  
t h e v a l u e o f  pod, at which this growth s t a r t s  will be s m a l l e r ,  the g r e a t e r  the number  of the rota t ional  level .  
For  sma l l  pod, ,  the "population t e m p e r a t u r e s "  of the levels  in the flow of pure  ni t rogen and of the ni t rogen in 
the mix tu re  agree .  The "population t e m p e r a t u r e s "  in the mixture  grow more  substant ia l ly  with the inc rease  
in pod, than for the pure  ni t rogen.  

An inc rease  in the "population t e m p e r a t u r e s , "  the ene rgy  of the rotat ional  degrees  of f reedom,  the 
t r ans la t iona l  t e m p e r a t u r e ,  and also the drop in densi ty obse rved  for  cer ta in  values  of pod, can be explained 
by the effect  of condensation.  A s upe r s a t u r a t ed  s tate  holds in the m e a s u r e m e n t  zone for the whole range of 
s tagnat ion p r e s s u r e s  invest igated.  However ,  for  high veloci t ies  of expansion into a vacuum (as in a f ree  jet) 
condensat ion may  not even appear .  Hence,  we p r e sen t  additional p roof  that the mentioned change in the p a r a m -  
e t e r s  is caused by condensat ion in these  expe r imen t s .  According to [9], the veloci ty  of the gas flow inc reases  
abrupt ly  in a pure  ni t rogen flow with the inc rease  in p o d  > 780 m m  Hg (d,  = 0.386 m m ,  T o = 285~ because  
of l ibera t ion of the heat  of condensation.  A m a x i m u m  of d imer s ,  t r i m e r s ,  and t e t r a m e r s  is Observed for  s o m e -  
what high Pod, ,  wh~_ch indicates the development  of  the na ture  of  condensation. A convers ion  by means  of the 
co r re la t ion  fo rmulas  [9] to the conditions of  this expe r imen t  yields the value p0d,~900 cor responding  to the 
beginning of the growth in the veloci ty  with r e s p e c t  to Pod, .  It should be exphasized that the re la t ive  c lus te r  
concen t ra t ion  :for pod , ,  l e ss  by an o r d e r  of magnitude than the posit ion of the d imer  max imum,  is sufficiently 
l a rge  [9]; this is d isc losed  by the behavior  of the populations of the upper  levels  in the mixture .  Hence,  the 
population of the levels  is de te rmined  in the wbole range  of Pod, studied by the joint p r o g r e s s  of rotat ional  r e -  
laxation and condensation.  

The drop in dens i ty  in the condensing gas flow is, as is known, re la ted  to the inc rease  in the flow velocity;  
m o r e o v e r ,  the densi ty  can drop because  of an inc rease  in the opening of the s t r eaml ine  [10]. Both these  fac -  
t o r s  a re  m o r e  e s sen t i a l  for the mix tu re  of N 2 and CO2, s ince the heat  of condensation of CO 2 is cons iderably  
g r e a t e r  than for  N 2 and supe r sa tu ra t i on  in CO 2 sets  in c lo se r  to the nozzle  exit  than for  I~ 2. A g r e a t e r  reduc-  
tion in the re la t ive  densi ty  in the mix ture  s t r e a m  with the inc rease  in Pod, agrees  with all this .  A diminution 
in the s ignal  being r eco rded  is poss ib le  upon the fo rmat ion  of l a rge  ni t rogen c lus te r s  (N > 50), i .e. ,  an apparent  
diminution in the densi ty .  According  to approx imate  e s t i m a t e s  in [11], this should be expected in these  expe r i -  
ments  with pure  ni t rogen for  pod, ~ 2000. The effect  is apparent ly  weak, s ince the densi ty in pure  ni t rogen is 
p r ac t i c a l l y  constant  in this range  of Pod, (see curve  1 in Fig. 2a). For  P0d,~2500 a min imum is observed  in 
the mix tu re  flow (curve 2), which can be caused by condensation in a two-d imens iona l  flow. 

w I l lus t ra t ions  of the di f ferent  nature  of the p r o g r e s s  of rota t ional  re laxat ion in pure ni t rogen and in 
an 1~ 2 !-CO 2 mix ture  are data on the populations of rota t ional  levels  at the dis tance x / d ,  =10 [Fig. 3: curve 1) 
pod, =4035 in pure  ni trogen;  curve 2) Pod, =4574 in a mix tu re  with a 13% CO 2 addition]. According to the con- 
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densat inn conditions,  these  modes  a re  close to the modes  of Fig. 2a in the Pod. =1350-1900 range,  i .e.,  with 
expl ic i t  c r i t e r i a  for  condensation in both a mixture  and in pure  ni t rogen.  An e s t ima t e  of the t rans la t iona l  t e m -  
p e r a t u r e  f r o m  the m e a s u r e d  "population t e m p e r a t u r e s "  of  the low levels  for  the data in Fig. 3 yields  the values  
32.3 and 65.5~K, r e spec t ive ly ,  for  n i t rogen and the mix ture .  Under  given conditions in the p r e c h a m b e r  this 
means  that  only CO9 condensed in the mix tu re  up to the m e a s u r e m e n t  point, s ince the ni t rogen p r e s s u r e  at this 
point is below the vapor  sa tura t ion  p r e s s u r e .  The re fo re ,  ro ta t ional  re laxat ion  o c c u r r e d  in the ni t rogen flow 
only in the p r e s e n c e  of N 2 c lu s t e r s  and in the p r e s e n c e  of CO 2 c lus t e r s  in the mix ture .  In this l a t t e r  case ,  the 
f rac t ion  of  condensate  is subs tant ia l ly  g r e a t e r ;  m o r e o v e r ,  the t h e r m a l  effect  of the condensation,  jus t  as the 
p r e s e n c e  of the c lu s t e r s ,  s t a r t s  to influence the ro ta t ional  re laxa t ion  cons iderab ly  e a r l i e r  with r e spec t  to p0/d , .  

As is seen  f r o m  Fig. 3, the condensat ion p r o c e s s  in the mix tu re  resu l ted  in acce le ra t ion  of the rota t ional  
re laxat ion.  A Boltzmarm dis t r ibut ion is built up at the f i r s t  eight levels ,  while the population of the 12th to 
15th levels  does not Change even in absolute value.  

The data  for  mode ra t e  pod. (see Fig. 2b), where  the populat ions for  the pure  ni t rogen and the mix ture  
Levels do not d i f fer  for  the s ame  re la t ive  concentrat ion of  carbon dioxide in the mix ture ,  show that the d i f fe r -  
ences  obse rved  in the populations of the levels  a re  caused by the influence of condensation in the mix ture  and 
not by the change in r a t e  of  the ro ta t ional  re laxa t ion  upon adding carbon dioxide. 

A compar i son  between the r e su l t s  of m e a s u r i n g  the populations of the levels  for  a different  degree  of 
concentra t ion s impl i f ies  the analys is  of the influence of condensation on the population kinet ics  during the ex-  
pansion.  The r e su l t s  of  m e a s u r e m e n t s  f r o m  x / d , = 1 0  to x /d ,  --40 are  r e p r e s e n t e d  in Fig. 4 for  d .  =2.11 and 
p0=650 m m  Hg in pure  ni t rogen and in Fig. 5 for  the s a m e  nozzle  and range  o f x / d ,  in a mix ture  o f N  z and 9% 
CO2 [p0(N~) =2035 m m  Hg]. The conditions in pure  ni t rogen are  c lose ,  in the degree  of condensation, to the 
mode  with pod, = 1000, and in mix tu re s ,  to the mode with Pod, = 3700 (in nitrogen) in Fig.  2a, i .e. ,  the conden-  
sa t ion is b e t t e r  developed in the mix tu re  case .  In the f i r s t  case ,  the gas  went into the sa tu ra t ion  curve  for  
n i t rogen at  the dis tance x / d .  ~ 3.5 during expansion,  while in the second case  the n i t rogen was st i l l  in the un-  
s a t u r a t e d  s t a te  at  x / d ,  = 10 because  of the heat  evolution during the CO 2 condensation,  but downs t r eam i ts  
condensat ion in the mix tu re  occu r s  m o r e  rap id ly  than for  pure  N 2 a f t e r  in te r sec t ion  with the n i t rogen s a t u r a -  
t ion line because  of the p r e s e n c e  of condensat ion nuclei which a r e  pa r t i c l e s  of  the CO~ condensate .  
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In pure nitrogen (see Fig. 4), the population of the upper and middle levels diminishes with the increase 
in distance f rom the nozzle exit, while the population of the lowest level grows. Then the populations are frozen 
sequentially with fur ther  expansion and normal ized with respec t  to the density, are independent of x / d , .  The 
higher the values of the rotat ional  quantum number,  the c loser  to the nozzle exit is f reezing observed.  There 
are  sti l l  no nitrogen c lus ters  at the point x /d ,  =10 in the mixture flow (see Fig. 5). The population distr ibution 
at the f i rs t  eight levels is a Boltzmann distribution with tempera ture  51.6~ and is spoiled at higher Ievels. 
The next measuremen t  point x/d,  = 22 is already on the phase- t rans i t ion  curve for nitrogen; the relat ive pop- 
ulations of the levels have changed toward a diminution at the high and middle levels and an increase at the 
lowest levels,  i.e., exactly as in the pure nitrogen s t r eam (see Fig. 4). The population distribution has become 
more  monotonic, and the section with the Botlzmann distribution has disappeared.  For  x/d,  > 22 the relat ive 
population of the middle levels in the mixture drops,  that of the lowest levels grows in conformity with the 
rotat ional  relaxation tendencies,  while the relat ive population of the upper levels,  s tar t ing with the eighth, r i ses ,  
it a lmost  doubling at severa l  la ter  levels for x /d ,  =40. This fact, also detected in the experiments  with pure 
nitrogen not presented here ,  contradicts  the normal  behavior of rotational relaxation during expansion and can 
be related to singulari t ies  in the p rogres s  of rotat ional  relaxation in the presence  of c lus ters .  

w It is seen f rom the resul ts  of the experiments  elucidated in the preceding sections that the popula- 
tion kinetics of rotat ional  levels in a flow of condensing gas differs substantially f rom that under no-condensa-  
tion conditions. The high rate of rotat ional  relaxation in a condensing gas, resul t ing in a Boltzmann dis t r ibu-  
tion build-up at the low levels (see Fig. 3 and 5) as well as in additional population of the upper levels (see 
Fig. 5), is the c lea res t  manifestat ion of this difference. 

The fo rmer  of the mentioned condensation effects is cased mainly by liberation of the heat of condensa- 
tion, which resul ts  in a r i se  in the t ransla t ional  t empera ture  and, therefore ,  an increase in the coll ision p rob-  
abilities of the rotat ional  t ransi t ions .  Qualitatively, this is charac te r ized  by an increase in the Massey p a r a m -  
eter .  Results of computations of the ro ta t ing- t rans i t ion-col l i s ion  probabili t ies for HC1 [12] and H2 [13] might 
be a quantitative charac te r i s t i c .  Unfortunately, in the l i tera ture  there are no rota t ional- t rans i t ion-col l i s ion 
probabil i t ies  for N 2 collisions with N 2 or  CO2, which are needed here for a quantitative est imate of the influence 
of the t empera tu re  on the population kinetics of the levels. 

The lat ter  effect can be associa ted with part icipation of the c lus ters  in rotational energy t ransfer .  There 
are still  no investigations of rotat ional  energy t r ans fe r  during the collision of monomers  with c lus ters ;  hence, 
the role of the c lus ters  in the population kinetics of the levels can only be est imated qualitatively. Let us 
examine how the distr ibution of the population of monomer  levels will va ry  during their  interaction with c lus ters .  
The flow of condensing molecules  is 

% - ( / i  -- q r - - r  ' 

whore qi is the flow of molecules  incident on the cluster ;  qr is the flow of reflected molecules,  which is that 
par t  of qi not captured by the c lus ters ;  and qe is the flow of molecules evaporating from the c lus ters .  

The flow of incident molecules at each point of the jet under considerat ion has a population distribution 
for the levels which is governed by the whole p reh is to ry  of the expansion. The difference between the popula- 
tion distr ibutions of the ref lected and incident molecule levels is determined by the capture of monomers  by 
c lus ters  and by collisions with rotational energy t r ans fe r  between the monomers  mad the c lus ters .  If it is 
assumed that the probabil i ty of capture by c lus ters  diminishes as the rotational quantum number increases ,  
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then the main distinctions in the population distributions of the levels in the reflected flow from the incident 
flow will be observed at the low levels. By analogy with the collisions of monomers with monomers ,  it can be 
expected that the collision probabilities of the rotational transitions between monomers and clusters will be 
smaller ,  the higher the rotational quantum number. Exactly as under the influence of the capture process,  
this should result  in negligible changes in the upper level populations. However, collisional t ransfer  should 
not result  in significant changes in populations of the low levels either. This latter is caused by similar  
values of the "population temperatures"  of the low levels and of the cluster temperatures .  

The flux qe consists of molecules which have been captured by clusters  and have evaporated after a 
certain time. This time is considerably greater  than the equilibrium build-up time in the rotational degrees 
of freedom in a fluid (~10 -12 see); hence, it can be expected that the population distribution of the levels of 
evaporating molecules is a Boltzmann distribution with the cluster temperature.  

The mechanism of the additional population is as follows. Molecules having low values of the rotational 
quantum number are captured from the flux of incident molecules by clusters,  are then evaporated with a pop- 
ul~tion distribution governed by the cluster temperature,  and are then added to the total number of monomers.  
The continuous progress  of the capture-evapora t ion  processes  results in the accumulation of molecules at 
those levels which the rotational relaxation of monomers by monomers does not succeed in empyting. The 
relative population of the levelNk/Z~k(2K+ 1) in a flow with clusters  indeed grows part ial ly because of the 
departure of molecules in large clusters .  The dependence of the capture factor of molecules by clusters on 
the rotational excitation is mentioned in [14]. The capture and evaporation process considered contributed to 
the build-up of a Boltzmann distribution at low levels, i.e., is an additional mechanism accelerating the process 
of rotational relaxation Of the low levels in a condensing gas flow. 

Estimates for the conditions of the experiment presented in Fig. 5 show that the mean number of binary 
collisions of each molecule on the path from x/d.  =22 to x/d~ =40, i.e., on that section where the additional 
population of the upper levels is observed, equals approximately 100. This means that for a several  percent 
fraction of condensate (expected under the considered conditions) each molecule took part  multiply in the con- 
densat ion-evaporat ion process .  If it is assumed that the cluster temperature is 45~ then an estimate of the 
increase in relative population because of evaporation in the mentioned range of x/d,  will yield a result  com- 
mensurate with the experimentally measured increase in Nk/21Nk(2K *1), which verif ies the actuality of the 
proposed mechanism for additional population of the upper levels. 

It follows from the results of this paper that the formation and presence of clusters  in the flow compli- 
cates the rotational relaxation mechanism and specifies the appearance of relaxation acceleration effects at 
the low levels and an additional population of the upper levels. The reverse  influence of rotational relaxation 
on condensation, in addition to connecting an additional r e se rvo i r  for a heat of condensation sink in the form of 
rotational degrees of freedom, is apparently that the rate of rotational relaxation in monomers and clusters 
influences the heat of condensation sink. 

The authors are grateful to A. I. Burshtein, Yu. S. Kusner, and P. A. Skovorodko for useful discussions 
of the results of the research .  
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This paper  is a continuation of the computations of the excitat ion probabil i t ies  of the rotat ional  degrees  of 
f reedom of diatomic molecules  during coll isions ca r r i ed  out in [1]. In connection with the enormous computa- 
t ional difficulties occur r ing  in quantum-mechanicaI  computations [2 ] , aquas ic lass ica l  approach [3] is used 
which allows obtaining analytical  dependence of the probabil i ty  on both the number  of the rotat ional  level  char -  
ac te r iz ing  the t rans i t ion  and on the energy  of the colliding par t i c les .  This last  c i rcumstance  is a factor  of no 
little importance in the application of the probabil i t ies  obtained in the descr ip t ion of the level kinetics of ro -  
tat ional  re laxat ion under different  conditions, for  instance, under the efflux of gas mixtures  f rom a slot of 
nozzle into a vacuum. 

Analytic express ions  are  obtained in this paper  for  the rotat ional  t ransi t ion probabil i t ies  at which the 
quantum numbers  of one ( R - T  t ransi t ions)  or  both (R-R  transi t ions)  molecules  change by 1 or  2. A multipli-  
cative integral  is used in the solution of the sys tem of equations for the probabil i ty amplitudes of the appropr i -  
ate p roc e s se s .  In cont ras t  to [1, 3], the change in energy in an inelastic collision is taken into account in the 
c lass ica l  equation of motion, and the averaging of the probabiIi t ies  with respec t  to the total energy  is ca r r i ed  
out more  co r rec t ly .  An exper imenta l  potential  and a potential in the Morse  form are used in computing the 
probabi l i t ies .  The need for such computations is due, in par t icu la r ,  to the substantial  influence of at t ract ion on 
the magnitude of the probabil i ty for  low energ ies  of the cooliding molecules .  

Let  us reca l l  that according to the method descr ibed  ea r l i e r ,  the molecule t r a j ec to ry  is considered 
c lass ica l  with the use of the spher ica l ly  symmet r i c  par t  of the in termolecular  potential,  while the rotat ional  
motion is considered quantum mechanical ly .  The anisotropic par t  of the potential  hence governs the form of 
the per turbat ion  operat ion.  
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