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The inve~]tigations of mutt iphase flows, pursued vigorously  in recent  yea r s ,  s tem f rom the prac t ica l  
impor tance  of p roblems  such as supersonic  combustion,  e ros ion  of ma te r i a l s  exposed to flow, vaI~ous prob-  
l ems  of chemical  technology, ete~. These  flows are  also of g rea t  in te res t  f rom the viewpoint of building high- 
enthalpy gasdynamic faci l i t ies  [1], which would, in pr inciple ,  offer  modeling of the most  important  flight pa-  
r a m e t e r s  of hypersonic  vehic les .  The bas ic  gasdynamic problem in these a reas  is to a r range  the p roce s s  of 
mixing a group of solid (or liquid) pa r t i c l e s ,  acce le ra ted  by a light gas,  with the supersonic  quasiauxi l iary  
flow in which one can exci te  internal ,  pa r t i cu la r ly  vibrat ional ,  degrees  of freedom~ The solution of the com-  
plete problem can be divided into a number  of s tages .  The f i r s t  problem is to acce le ra te  solid pa r t i c les  to 
hypersonic  speeds.  When the mass  ra t ios  of the acce lera t ing  and acce le ra ted  components are  c lose,  the l ight-  
gas t e m pe r a tu r e  must  be low enough so that the vapors  fo rmed  in the acce lera t ion  (in the case  where the p a r -  
t ic les  may  vaporize)  should not ha rm the c a r r i e r  p rope r t i e s  of the light gas~ It is impor tant  to achieve max-  
imum veloci t ies  of the solid pa r t i c les  and uniform distr ibution across  the accelera t ing  nozzle.  Tile second 
task  is to examine the mixing p roce s s  with a view to minimizing per turbat ion  associated with percola t ion of 
the par t i c les ,  t he i r  dynamic m o t i o n  and possible vaporizat ion.  Nonuniformities can ar i se  in the :flow from 
severa l  causes: shock waves of var ious  s t rengths ,  turbulent  fluctuations,  ere.  To minimize per turbat ions  
one must ,  f i r s t ly ,  so choose the p a r a m e t e r s  of the interact ing gas components and the i r  encounter  angle, so 
that a shock wave does not a r i se  in one of the flows, which may  be, e.g. ,  a i r  (Fig. 1)~ Such a shock wave, 
however ,  may  be fo rmed  for  another  reason:  Because of penetrat ion and vaporizat ion of par t i c les  additional 
per turba t ions  a r i se ,  associa ted with the supply of m as s ,  momentum and energy.  Here the macroscop ic  pa-  
r a m e t e r s  va r y  in the mix tu re .  When one cannot achieve conditions for  quasiauxi l iary  flow (i.e., the flow 
veloci ty  of the gas into which the pa r t i c l e s  are  introduced equal to the tangential  component of the par t ic le  
veloci ty) ,  additional acce le ra t ion  of the pa r t i c l e s  occurs  in a cer ta in  l aye r ,  accompanied by dissipative i r r e -  
ve r s ib le  p r o c e s s e s .  There  may  also be rapid re laxat ion  of vibrat ional  energy  in the layer ;  in addition, the 
l aye r  may  be a source  of additional wavelike per turba t ions .  

Thus,  both the acce le ra t ion  of par t i c les ,  and analysis  of the p r o c e s s e s  occurr ing  inside the zone where 
the par t i c les  mix  with the gas s t r eam,  are  impor tant  and independent tasks .  We shall examine them in suc- 
cess ion .  It is  known that  one can obtain ae roso l s  by using the phenomenon of condensation in a supersonic  
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gas  expanding f rom a nozzle ,  but he re  the m a s s  ra t io  between the solid (or liquid) and the gaseous  phases  is  
sma l l ,  and the  s ize  of the p a r t i c l e s  f o rmed  is  v e r y  sma l l  (~ = 1 #m),  in o r d e r  to achieve  deep enough pene t r a -  
t ion into the o ther  s t r e a m ,  p a r t i c u l a r l y  into a s t r e a m  with a v ibra t iona l ly  exci ted med ium.  The re fo re ,  for  
pa r t i c l e  acce l e ra t ion  i t  m a k e s  sense  to use  a light gas  (hydrogen o r  helium) and obtain pa r t i c l e s  by inject ing 
through an a t o m i z e r  into the s tagnat ion c h a m b e r  of the acce l e ra t ing  nozzle,  where  the p a r t i c l e s  se t t le ,  a r e  
then ent ra ined by the light gas ,  and a c c e l e r a t e d  through a supersonic  nozzle of spec ia l  shape.  This  pr inciple  
of a cce l e r a t i on  was suggested in [1] fo r  c rea t ing  p r o m i s i n g  h igh-entha lpy  gasdynamic  fac i l i t i es .  With r e f -  
e r ence  to the conditions examined  h e r e  the r e q u i r e m e n t s  a re :  P a r t i c l e s  of a given size m u s t  make  up the 
ma in  p a r t  of the to ta l  number  of p a r t i c l e s  f o r m e d  in the s tagnat ion c h a m b e r ,  and m u s t  be acce l e r a t ed  to v e -  
loc i t ies  equal to  the flow ve loc i ty  of the v ib ra t iona l ly  exci ted gas .  The pa r t i c l e s  should not evapora te  in the 
acce l e r a t i on  p r o c e s s  to f o r m  v a p o r s  which would degrade  the c a r r i e r  p r o p e r t i e s  of  the l ight gas .  These  r e -  
qu i r emen t s  a r e  con t rad ic to ry ,  in a ce r ta in  sense ,  s ince for  eff ic ient  acce le ra t ion  one mus t  i nc rea se  the p r e s -  
sure and t e m p e r a t u r e  of the l ight gas  in the s tagnat ion c h a m b e r ,  and s imul taneously ,  an i nc rea se  in t e m p e r a -  
tu re  will lead to evapora t ion  of the a c c e l e r a t e d  p a r t i c l e s .  The p rob l em of acce le ra t ing  solid pa r t i c l e s  with 
a light gas  is subs tant ia l ly  a two-d imens iona l  one and is  examined  below. 

The s y s t e m  of equat ions fo r  mix ing  of a p e r f e c t  gas  with a constant  speci f ic  heat  r a t io  n and fixed 
spher ica l  p a r t i c l e s  d is t r ibuted  in s ize is de sc r ibed  in the following form [2] (u = 0; 1 fo r  the p lana r  and 
a x i s y m m e t r i c  flows): 
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This  s y s t e m  of equations may  be reduced to d imens ion less  f o r m  as  follows: Al l the  l inear  d imens ions ,  a p a r t  
f rom pa r t i c l e  rad ius ,  a r e  r e f e r e n c e d  to the radius  of the nozzle  th roa t  sect ion (or the semiwidth of a p lanar  
nozzle) ,  r ,  -~ y , ;  the dens i t i es  a r e  r e f e r e n c e d  to p , ,  the ve loc i t ies  a r e  r e f e r enced  to a , ,  the p r e s s u r e  to 
p,a2.; the t e m p e r a t u r e s  a r e  r e f e r e n c e d  to a~ /R ,  the components  of acce l e ra t ion  of the i - th  pa r t i c l e  fxi and 

fYi a r e  r e f e r e n c e d  to a ~ / r . ,  and the heat flux to a pa r t i c l e  qi is r e f e r enced  to a ~ / r , .  The p a r a m e t e r s  of 

a l l  the p a r t i c l e s  a r e  given the sign A, and the p r o p e r t i e s  of  the  m a t e r i a l  a r e  designated with a subsc r ip t  
0. The pa r t i c l e  rad i i  a r e  r e f e r e n c e d  to a ,  = 1 #m.  The pa r t i c l e  momen tum and ene rgy  equat ions,  Eqs.  (6)- 
(8), a r e  wri t ten  in the fo rm of c h a r a c t e r i s t i c  r a t i o s  along a s t r eaml ine .  

The r ight  s ides  of th is  s y s t e m  of equations,  which desc r ibe  the force  and t h e r m a l  interacticm of the p a r -  
t i c les  with the gas ,  and a r e  sui table for  a r b i t r a r y  values  of Knudsen number  ~cm i = / / 2 ~  i ( smal l  p a r t i c l e s  may  
find t h e m s e l v e s  in f r e e - m o l e c u l a r  flow conditions even at  the nozzle  throat) ,  we re  given in [2]. The e x p r e s -  
sions for  ~n  i << I (in the continuum flow reg ime)  take into account  the known s e m i e m p i r i c a l  information on 
the coeff ic ients  for  d rag  and heat t r a n s f e r  of a sphe re  as  a function of Mach and Reynolds number s ,  based  on 
the re la t ive  veloci ty  and pa r t i c l e  d i a m e t e r ,  and for  I~n i >> 1 they tend asympto t i ca l ly  to the r e s p e c t i v e  r a r e -  
fied gasdynamic  fo rmulas ,  containing momen tum and energy  accommoda t ion  coeff ic ients  for  the molecu les  at 
the pa r t i c l e  su r face .  

A n u m e r i c a l  solution of this  s y s t e m  of equations in the t r anson ic  pa r t  of the acce l e r a t i ng  nozzle  was 
obtained by the Godunov method using the p r o g r a m  of [3], improved  by allowing for  s tored  in terac t ion  coeff i -  
c ients  (in th is  p r o g r a m  the par t i c le  dynamics  equations a r e  wr i t ten  in pa r t i a l  de r iva t ives ) .  

In a n u m e r i c a l  invest igat ion of the flow of a mul t iphase  mix ture ,  in the superson ic  pa r t  of  the nozzle 
the continuity equation, Eq. (5), is r ep laced  by the a lgebra ic  ra t io  r = const  along the pa r t i c l e  t r a j e c t o r y ;  
then the following definition of a s t r e a m  function for  the pa r t i c l e s  is introduced: 

d r  = 2 y ~ ( ~ d y  - -  ~'d:~) 

The s y s t e m  of equations descr ib ing  the gas  flow was solved by the method suggested by Kraiko and 
Ivanov; the equations of pa r t i c l e  dynamics  and heat ba lance  in c h a r a c t e r i s t i c  fo rm,  Eqs.  (6)-(8), a r e  valid 
along the t r a j e c t o r i e s ,  and were  in tegra ted  with s e c o n d - o r d e r  accu racy .  A m o r e  detai led descr ip t ion  of the 
p e r f o r m a n c e  of th is  a lgor i thm has  been given in [4]. 

Below we give an example  of a solution, obtained with the following values  of the d imens ion less  p a r a m -  
e t e r s ,  typ ica l  of  the p a i r  - acce l e ra t ing  gas  hel ium and solid pa r t i c l e s  COx: x = 5/8, w = 0.647, 

, (/@ 

Since the m a s s  sp ec t rum  of the CO 2 pa r t i c l e s  depends apprec iab ly  on the s t ruc tu r a l  design of the  d i spe r s ing  
device and the method of introducing the pa r t i c l e s  into the hel ium flow, the solution was c a r r i e d  out for  a 
m o n o d i s p e r s e  suspens ion  with ~i --- ~ = 5 #me The nozzle  shape and some of the computed r e su l t s  a r e  given 
in Fig .  2. The t r anson ic  solution was obtained in the region 0 ~ x -< 7; the values  found for  the mixing pa -  
r a m e t e r s  in the plane x = 5, which l ies in the superson ic  flow region,  a r e  used as  ini t ial  conditions for  sub-  
sequent  in tegra t ion  of the s y s t e m  (1)-(8). ha the region 5 ~ x -< 7 we checked for  a g r e e m e n t  of  the r e su l t s  
obtained by the two p r o g r a m s .  

F igure  2 shows the d is t r ibut ion of mixing p a r a m e t e r s  along the nozzle  plane of s y m m e t r y .  I t  can be 
seen  tha t ,  for  a s igni t icant  gas s tagnat ion p r e s s u r e  P0 = 7 MPa and T O = 250"K, y .  = 10 -z m,  p a r t i c l e s  of  the 
ca rbon  dioxide gas  a r e  a c c e l e r a t e d  to a cons ide rab le  veloci ty  ~. With a s m a l l  semiopening angle for  the su -  
pe r son ic  pa r t  of  the  nozzle  (a+  = 5 ~ the l aye r  of  pure  gas  lying between the wall  F and the s e p a r a t r i x  S is 
quite thin,  and the dis t r ibut ion of p a r a m e t e r s  of the pa r t i c l e  gas  a c r o s s  the nozzle  is  a lmos t  uniform (the gas 
ope ra t e s  quite well).  

The d o t - d a s h  l ines  in Fig.  2 c o r r e s p o n d  to the flow p a r a m e t e r s  of  Wpure n helium without pa r t i c l e s .  I t  
can be seen  that  the back  act ion of  the pa r t i c l e s  on the gas  leads  to dece lera t ion  and heating, and to shift  of 
the line M = 1 towards  the acce l e r a t i ng  p a r t  of the nozzle .  
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Analysis  of o ther  calculat ions,  cor responding  to different  values of P0, To, a,  show that ,  f rom the view- 
point of  eff icient  acce le ra t ion  of pa r t i c l e s  by the light gas and of re tent ion of the " c a r r i e r  p rope r t i e s "  of the 
la t te r ,  it makes  sense  to inc rease  P0, reduce  T O and o~, and elongate the t ransonic  pa r t  of the nozzle  in 
which the most  intense in teract ion of phases  occur s .  The question of possible  l imi ts  for  var ia t ion of the gas 
t e m p e r a t u r e  T O which a r e  favorable  f rom the viewpoint of max imum par t ic le  acce le ra t ion  can be resolved,  
in the problem considered,  a f te r  one includes p r o c e s s e s  whereby the par t i c les  a r e  vaporized into the l ight- 
gas c a r r i e r .  

The second task  is the in teract ion of  two supersonic  gas s t r eams ,  and is solved in the two-dimensional  
inviscid flow formulat ion.  We cons ider  that  the pa r t i c les  pass  f r ee ly  through the shock wave in the light gas 
and through the tangential  discontinuity,  and we neglect  the influence of Par t ic les  on the p rocess  of in te rac -  
tion of the two s t r e a m s . *  

We shah  c a r r y  cut calculat ions,  assuming uniform p a r a m e t e r s  for  the incident s t r eam of light gas (we 
cons ider  helium, whose p a r a m e t e r s  a re  denoted by the subscr ip t  1) and hydrogen (subscr ipt  2). Then the 
solution investigated is s e l f - s i m i l a r  in the var iab le  0 = y i /x l  (see Fig.  1). 

In o r d e r  that  flow 2 should not be pe r tu rbed  during interact ion and that  the tangential  discontinuity f rom 
the point 0 should be d i rec ted  along the veloci ty  vec to r  of the ni trogen,  the p r e s s u r e  P3 in helium behind the 
shock wave should be equal to the p r e s s u r e  in the ni t rogen p~. 

With the given p a r a m e t e r s  of the ni t rogen flow and the number  M t in helium one must  choose a value 
Pi/P2 so that the condition P3 = P2 is obtained fo r  var ious  encounter  angles ~ between the two flows. We de-  
note by W 1 the veloci ty ra t io  of the pa r t i c les  and the hel ium on the axis of a two-dimensional  nozzle  

WI = u/ul, (9) 

and by W 2 the ra t io  of the longitudinal veloci ty  component of the pa r t i c l e s  to the ni trogen veloci ty in the vi-  
cinity of the point 0 

W�89 = u COS ~/u~. (10) 

F r o m  the equality of the par t i c le  veloci ty  ~ in Eqs .  (9) and (10) we obtain a re la t ion between the ve loc-  
i t ies of the gases  

u~W2 =u~W~cos a. 

*The inve r se  effect  of pa r t i c l e s  on the gas p a r a m e t e r s  in the mixing zone can be taken into account l a te r  using 
the method proposed  above, in which the acce le ra t ion  of the par t i c les  by the light gas is de termined.  
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We must  s t r e s s  once more  that ,  according to our hypothesis ,  the par t ic les  do not affect  the flow config- 
urat ion.  The introduction of  the quantities Wt, W 2 and thei r  rat io N = Wi/W 2 = u2/u t cos ~ makes it simple 
and convenient to pa rame te r i ze  the problem. F o r  a given ni t rogen velocity u 2 an increase  in the p a r a m e t e r  
N leads to a dec rease  in the quantity u t. 

Fo r  each specific variat ion of the two "colliding" flows the problem reduces  to solving a two-pa rame te r  
sys tem of t ranscendenta l  a lgebraic  equations by the method of i teration [5]. 

F igure  3 shows the relat ion ~i = 1.667, ~ = 1.4, M 2 = 7, W 2 = 0.4, a = 10 ~ for constant values of the 
density ra t io  W 1 = f(Mt) for  the given p a r a m e t e r s  Pt/P2. The broken line shows the relat ion W t = f(M l) for 
the actual  helium nozzle calculated in the f i rs t  par t  of the presen t  paper .  

We now cons ider  the third  problem.  We shall  analyze the p roces se s  in the mixing zone, assumin~ that 
the p r e s s u r e  can va ry  in the range (1-0.001) * 105 Pa,  the spher ica l  par t ic le  d iameter  in the range (1- 
102 * 10 -6, and the mass  rat io of solid and gaseous phases per  Unit volume in the range f rom 1 to 100%. In 
the interaction of the par t ic les  and the gas one can find both continuum flow conditions and t rans i t ional  con- 
ditions, including conditions c lose to f ree molecular .  We shall  consider  the continuum regime.  In the ab-  
sence of quasiauxi l iary  conditions the gas velocity is supersonic  re la t ive  to the par t i c les .  Around each of the 
par t ic les  there  a r i s e s  a shock wave, and these  in terac t  with one another .  In principle these waves may over -  
lap and can even c rea te  a common shock front ahead of  the entire group of par t ic les .  The question a r i s e s  as 
to whether  the group wave is actual ly  generated under such conditions, and conditions under which it is not 
genera ted .  F igure  1 shows a photograph of the flow over  a group of flying pellets ,  obtained by Kras i l ' shchikov 
and Gulyaev in a ball ist ic range.  This photograph is a kind of model of what may actual ly occur  in the s i tua-  
tion that we a re  investigating. The flow picture  is quite complex. Figure  4 shows a model ofthe interact ion in 
the case  of two par t ic les ,  located in a plane no rma l  to the relat ive velocity vector ,  at different dis tances 
apar t .  It is c lea r  that a common bow wave is formed in the case when there  is overlapping of the t ransonic 
zones of the shock l ayers .  We take this information as a basis for fur ther  analysis .  Let the par t ic les  have a 
d iameter  d, let the mean distance between them be l, and let l* be the charac te r i s t i c  s ize of the transonic 
region.  Then, depending on the ra t io  between the scales  ~* ~ l */d and X = l / d  we can judge as to the p r e s -  
ence o r  absence  of a group wave. The ratio l* /d  is increased  with dec rease  of the relat ive Maeh number 
M of the par t ic le  motion, i.e., with its acce lera t ion  (Fig. 4), but at  the same time there  is a decrease  in the 
shock-front  intensity.  The function (l/d)* = f(M) is determined f rom uumer ica l  calculat ions of [6]. F igure  4 
shows this dependence in the case  where the rat io of the specific heats is ~ = 1.4. Allowing for the th ree -  
dimensional  distr ibution of par t ic les  the cor responding  scale  ~* will differ  f rom the case  of the two-d imen-  
sional and symmet r i c  configuration of Fig.  4, and it will be considerably  more  difficult to determine a c r i -  
ter ion for format ion of a common wave in this case .  We there fore  consider  the actual rat ios  between k* and 

in the range of p r e s s u r e  and par t ic le  concentrat ion of in teres t  to us. If we consider  that the par t ic les  are  
identical in size,  we can der ive  the resu l t  that  ~ ~ (2MT/PT)-t/3, where M, PT are  the common mass  and 
density of the solid phase per  unit volume. Thus,  the quantity X does not depend on the par t ic le  s ize.  For  
PT ~ 1 g / c m  3 in Table 1 we show values of ~ for  var ious  values of p r e s s u r e  and mass  rat io of the solid gas 
phases .  

It follows f rom the data of Fig.  4 that X~lax ~ 5; the re fore ,  the p a r a m e t e r  k >> X* because of the large 
density of the solid phase,  in p rac t ica l ly  al l  cases ,  and where the re  is no r e v e r s e  influence of par t ic les  on 
the gas,  one would not expect a g roup  shock wave to occur .  However, in actual  fact,  wave per turbat ions can 
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occur  due to the evapora t ing  p a r t i c l e s  a l t e r ing  the m a c r o s c o p i c  p a r a m e t e r s  of the medium into which they 
pene t ra t e .  F o r  th is  r ea  son it is  ve ry  impor t an t  to ana lyze  the phenomena in the zone where  the pa r t i c l e s  mix  
with a v ibra t iona l ly  exci ted gas .  

In e x p e r i m e n t s ,  as  a ru le ,  the to ta l  m a s s  flow is control led  (i.e.,  the ra t io  between the solid and gaseous  
components) ;  it is p r ac t i ca l l y  imposs ib le  to a s s ign  the r equ i red  p a r t i c l e - s i z e  dis tr ibut ion beforehand.  T h e r e -  
f o r e ,  the heavy pa r t i c l e s  begin to p lay  a key  ro le  in the  to ta l  m a s s  of solid phase  supplied to the flow, even if 
t h e i r  r e l a t ive  concentra t ion  is  low. 

F igure  5 shows one pos s ib l e  p a r t i c l e - s i z e  dis t r ibut ion (normal ized  to unity), typ ica l  for  clouds and 
rocke t  engine nozz les  with meta l l i zed  fuel [7] (Curve 1) 

The momen t s  o f  this  d is t r ibut ion (mean,  and m e a n - c u b e  rad i i  and d ispers ion)  that  in te res t  us have the 
f o r m  

The d is t r ibut ion  p r e s e n t e d  c o r r e s p o n d s  to (a) = 5 Izm, D = 12.5 #m 2 (r = 2, B -- 0.4). F igu re  5 a lso  shows 
the re la t ive  pa r t i c l e  densi ty  d is t r ibut ion by s ize  (1/p)d~/d~ = ~sf(~)/(~3) (curve  2). It  can be seen,  in p a r t i c -  
u la r ,  that  although the num ber  of heavy p a r t i c l e s  (e.g. ,  (~) > 4 lzm, (~) -< 20/zm) is smal l ,  t he i r  contr ibution 
to the m a s s  c h a r a c t e r i s t i c  of the pa r t i c l e  cloud is apprec iab le  (to i l lus t ra te  th is  we can c o m p a r e  the shaded 
a r e a  under  these  c u r v e s ,  bounded by the pa r t i c l e  s i z e s  (a~ �9 q~).  This  fact  b e c o m e s  espec ia l ly  impor tan t  for  
d is t r ibut ions  of the n o r m a l - l o g a r i t h m i c  type,  which have a Wheavy t a i l , "  and, as  was shown in [8], a r e  typica l  
of pe l le t  m a t e r i a l .  T h e r e f o r e ,  i t  is v e r y  impor tan t  to achieve  the mos t  economica l  n ~ s s  spec t rum of injected 
pa r t i c l e s  of the requ i red  s ize .  Othe rwise  it m a y  turn  out that  the mix tu re  (e.g.,  CO 2 + N 2) will  not contain 
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enough carbon  dioxide vapor ,  s ince the heavy pa r t i c l e s  pa s s  through the s t r e a m  of v ibra t iona l ly  exoited gas  
with p r ac t i c a l l y  no evapora t ion ,  and to a c c e l e r a t e  them r e q u i r e s  an addit ional  amount  of light gas .  

An impor tan t  quest ion is the mixing of the products  of  the solid phase  among the molecu les  of the v i -  
b ra t iona l ly  exci ted med ium.  The basic  mechan i sm leading to mixing is l amina r  or  turbulent  diffusion. 

Because  of the sma l l  pa r t i c l e  s ize  the genera t ion  of tu rbulence  in the conditions cons idered  is poss ib le  
only in the aux i l i a ry  wakes at large d is tances  f r o m  the p a r t i c l e s .  If  conditions for  quas iaux i l i a ry  flow do not 
hold, the acce l e ra t ion  of pa r t i c l e s  mus t  lead to heating of the flow. Then, if the aux i l i a ry  wakes behind the 
p a r t i c l e s  do not i n t e r sec t ,  in a t i m e  c h a r a c t e r i s t i c  of the p rob l em (e.g., the v ibra t iona l  re laxa t ion  t~me), the 
flow heating will  be  local  and cold gas  will flow between the p a r t i c l e s .  It  is evident that  then one cannot ob- 
tain a un i form medium in a l a rge  enc losure .  F igu re  6 shows cu rves  of the c h a r a c t e r i s t i c  t i m e  for  t D for  
l a m i n a r  diffusion, at the end of which t he r e  is mixing of the components ,  depending on the p ressu re~  the p a r -  
t i c le  s i ze ,  and the p a r t i c l e - m a s s  pe rcen tage  concent ra t ion  ~ re la t ive  to the flowing gas;  the number s  I - I i I  
show the c h a r a c t e r i s t i c  t i m e s  for  exci t ing the upper  v ib ra t iona l  l eve l s  of the HF molecu les  [9], IV-V show 
the v ibra t iona l  re laxa t ion  in an N 2 + CO 2 [00"1 + v(1)] mix tu re  [10] and deact ivat ion of HF,  and a lso  the c h a r a c -  
t e r i s t i c  t i m e  for  v ib ra t iona l  deact iva t ion  of the N 2 molecu les  [10]. The data in Fig+ 6 a r e  evidence that  the 
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mixing time, i.e., the time to prepare the medium for relatively loarse particles of d ~ 10-100 #m, which can 
penetrate to sufficient depth into the flow, is large. This situation may be improved by turbulent diffusion, 
which leads, however, to less uniform mixing. 

In two-phase mixing complex heat and mass t ransfer  processes occur between the particles and the 
gas, accompanied by evaporation under the conditions of the vibrationally excited medium, flow of particles 
over a wide range of Knudsen numbers ranging from continuum to free molecular, processes of homogeneous 
and heterogeneous vibrational relaxation, etc.. Here one requires to achieve maximum uniformity in the dis- 
tribntion of products of the vapor phase amongst molecules of the basic flow, with minimum perturbation of 
the flow, Above we considered only some aspects, associated with macroprocesses occurring in the in terac-  
tion of multiphase supersonic flow. However, to obtain a uniform medium tn large volumes with optimal 
characterist ics we must solve a number of WinternalW problems, associated with deep pentration of various 
types of particles, their lifetime on the scale of the basic flow time period associated with vibrational relax- 
ation processes,  determination of the concentration profile for the vapor of the additive in the flow, etc. The 
investigation of these questions is also important for the solution of other gasdynamic problems, particularly 
those mentioned in [11]. 

The authors thank A. M. Prokhorov, who directed their  attention to the importance of the problems 
treated in this paper, and also V. I. Alferov and V. M. Marchenko for helpful discussions. 
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