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The s ta tement  of the p rob l em  in the p resen t  a r t i c l e  is the s a m e  as  in our p reced ing  work  [1], name ly  
opt imizat ion by the method of configurat ions with r e s p e c t  to initial  condit ions,  composi t ion,  and nozzle  geom-  
e t ry .  The t rans i t ion  to d imens ion less  va r i ab l e s  shows that  the opt imizat ion p a r a m e t e r s  in the given p ro b l em 
a r e  P0, To, ~ i, ~', and d j, where  P0 and T O a r e  the initial  p r e s s u r e  and initial t e m p e r a t u r e ;  ~ i denotes the mole 
f rac t ions ;  k =p0 / (l is a c h a r a c t e r i s t i c  length); and flj denotes p a r a m e t e r s  de te rmin ing  the d imens ion less  
function A / A . ,  where  A and A .  a r e  the nozzle  c r o s s  sec t ions  at  an a r b i t r a r y  point and at the geome t r i ca l  
c r i t i ca l  point, r e spec t ive ly .  In [1] we adopted as  flj the values  of the de r iva t ives  at ce r t a in  fixed mesh-po in t s  
~j = x j / L ,  where  ~ is the d imens ion less  dis tance along the x axis ,  r e f e r r e d  to the nozzle  length L. Quadrat ic  
approximat ion  was applied to de te rmine  A / A .  between the mesh-po in t s .  We take l = L, so that for  p lane-  

2 tg 0y 
pa ra l l e l  flows ~j----~L = - - ~ . "  L, where  0j denotes  the s lope angles of the nozzle  contour at the points xj =:~jL; 

and h .  is the height at the c r i t i ca l  c r o s s  sect ion of the nozzle.  We consider  fixed values of the initial  p r e s s u r e  
P0, so that To, ~ i , a j ,  and L can be taken as  the opt imizat ion p a r a m e t e r s  [1]. Unlike [1], the p a r a m e t e r s  ~ j (j = 
1, 2) can a s s u m e  negat ive  values .  

The r e su l t s  of opt imizat ion with r e s p e c t  to the indicated p a r a m e t e r s  as a function of the initial  p r e s s u r e  
P0 a r e  given in Fig. 1 for  a CO 2 +N 2 +He mixture .  These  r e su l t s  show that  following the l a rge  expansion of the 
supersonic  flow in the geome t r i ca l  c r i t i ca l  zone of the nozzle  a ce r ta in  downs t r eam cons t r ic t ion  is obse rved  in 
the opt imal  r e g i m e ,  i .e . ,  a ~ a n d a  2 can a s s u m e  negat ive  values .  For  sma l l  initial  p r e s s u r e s  (p0 < P0) we have 

~l 
> 0 a n d a  2< 0, i .e . ,  flow cons t r ic t ion  must  occur  c lose r  to the nozzle  exit ,  and for  l a rge  initial p r e s s u r e s  

P0 > P0 ) we h a v e ~  1 < 0 and a 2 > 0, i .e . ,  c o n s t r i c t i o n  is obse rved  in the middle par t  of the supersonic  flow region 
of the nozzle.  For  p r e s s u r e s  P0 ~ P0 we find that  ~ t ~ 0 and a 2 ~ 0, i .e. ,  a f te r  the initial expansion and parabol ic  
t rans i t ion  (a 0 > 0) the flow c r o s s  sect ion r e m a i n s  p rac t i ca l ly  invar iant  up to the op t imum dis tance L. For  the 
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m i x t u r e  CO 2 +N 2 +He i t  t u r n s  out  that  P0 ~ 6 a tm .  We no te  tha t  the  s l o p e  a n g l e s  in c o n s t r i c t i o n  and s u b s e q u e n t  
e x p a n s i o n  of  the  f low a r e  m u c h  s m a l l e r  (by m o r e  than  one o r d e r  of  magn i tude )  than  the  i n i t i a l  f l a r e  ang le  of the  

n o z z l e ,  i . e . ,  l (~ /o !0 t<  1 / l O ,  l~2/oz01 < 1 / 1 0 .  

The  r o l e  of  the  o b s e r v e d  flow c o n s t r i c t i o n  is  b r o u g h t  to l igh t  by  i n s p e c t i o n  of the  d i s t r i b u t i o n  c u r v e s  fo r  
the  t r a n s l a t i o n a l  and  v i b r a t i o n a l  t e m p e r a t u r e s  in t h e  o p t i m a l  f low r e g i m e  fo r ,  s a y ,  P0=15 a t m  CFig. 2). We 
f i r s t  a t t e m p t  to e x p l a i n  the  n e c e s s i t y  o f  c o n s t r i c t i o n .  We c o n s i d e r  the  n o n o p t i m a l : c o n t o u r  2 of l eng th  L wi thout  
c o n s t r i c t i o n ,  w h e r e  the  r a t i o  A / A .  of  the  ex i t  t o t h e  c r i t i c a l : c r o s s  s e c t i o n  of the  n o z z l e  and the  v a l u e  of a 0 a r e  
the  s a m e  a s  h ) r  the  o p t i m a l  n o z z l e  1 .  T h e s e  n o z z l e s  d i f f e r  to a g r e a t  ex ten t  in the  c o n s t r i c t i o n  zone.  It t u r n s  
out  tha t  t he  v a l u e s  of the  v i b r a t i o n a l  t e m p e r a t u r e  fo r  the  v 3 - m o d e  of CO 2 and N 2 (T a and T4) a r e  f r o z e n  in a l o n g  
the  i n t e r v a l  up to the  t r a n s i t i o n  to c o n s t r i c t i o n .  T h e r e f o r e ,  the  s m a l l  v a r i a t i o n  of  t he  con tou r  a f t e r  T 3 and T 4 
have  c e a s e d  to v a r y  canno t  have  a s i g n i f i c a n t  e f fec t  on t h e i r  v a l u e s  in the  s u b s e q u e n t  p a r t  of the  n o z z l e ,  L e . ,  
the  v a l u e s  of  T a and T 4 in t h i s  p a r t  do not  depend  a s  s t r o n g l y  on the  s h a p e  of the  con tour  a s  does  the  v a l u e  of 
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the vibrat ional  t e m p e r a t u r e  of the v y-mode for  CO 2 (T2). The value of T 2 in the zone where  the nozzle  contour 
can be var ied  without appreciable  influence on the values of T 3 and T 4 continues to re lax ,  so that with flow con- 
s t r ic t ion  (i.e,, upon t rans i t ion  f r o m  nozzle  2 to nozzle  1) the t rans la t ional  t empera tu re  T increases  somewhat,  
the reby  increas ing  the re laxa t ion  r a t e  of the lower lasing level  and widening the dif ference between T 3 and T 2. 

the o ther  hand, if a contour with g rea t e r  than the optimal cons t r ic t ion  is taken, the upper lasing level  begins 
:~to re lax:  The absolute:  value of  the net invrease~att~='med:in the gain k in:going f r o m n o z z l e  2 to nozz le : l  i s  : 

small .  

~,: T h e  w e a k  dependence of t he  vpt imum gain k on ~he ~values :of ~:1 and a ~ indicates t h a t a  fur ther  increase  
~in the number  o f  defining p a r a m e t e r s ~  I f i~  3) w~lt yield, :onlya s m a ~  i n c r e a s e  in the opt imum k, so~:that the 

p a r a m e t e r s  ~0, ~l ,  and a2 are  sufficient  for  the s ta tement  of the optimization problems.  

In set t ing up the appropr ia te  exper iment  it is important  to have quantitat ive data on the behavior  of the 
pa r a me te r s  nea r  the opt imum values.  A good idea of that behavior  is afforded by re l i e f  maps of the opt imiza-  
tion sur face  with r e spec t  to two p a r a m e t e r s ,  for  example,  for  the composit ion of the gas the mole f rac t ions  

CO 2 and ~ N~ (the r ema inde r  being the mole f rac t ion of helium; Fig. 3); the initial f l a re -ang le  p a r ame te r  ~ 0 
and the quant i ty  a 1 (Fig. 4); or  the quantit ies a l and ~2 (Fig. 5), which cha rac t e r i ze  the prof i le  of the r e s t  of the 
nozzle  (io0=15 a tm in Figs.  3-5). In each case  all the remain ing  p a r a m e t e r s  besides  those plotted a re  ass igned 
t h e i r  opt imum values.  It is evident in Fig. 3 that the gain nea r  the opt imum is more  sensi t ive  to the CO 2 con-  
tent than to the N 2 content. 

The most  indicative re l i e f  map of the r equ i r ed  sur face  f r o m  the viewpoint of the stated problem is pro-  
vided by the var iables  (~0, a l ) a n d  (~,  ~2). I t i s  seen in Figs.  4 and 5 that the equal-gain levels "extend,, along 
the lines A / A ,  =const.  It can be shown that in the coordinates  (~0,~l) the locus of points at which the ra t io  
A / A ,  has a constant value is de te rmined  by the re la t ion  ~ 0 = ~ 0 - 4 ( ~ i - ~ l ) ,  while in thecoord ina te s  (~1' ~ )  it is 
de termined  by the re la t ion  ~1 = a I - 2 ( ~  (where n0, a l ,  and ~2 a re  the values of these va r i ab l e s  at the op- 
t imum point). The indicated r e su l t s  show that the sur face  r e l i e f  is smooth in the vicini ty of the optimum. 

The p resence  of cons t r ic t ions  in the supersonic  flow, of course ,  can genera te  (pr imar i ly  for  l a rge  values 
of h ,  and, accordingly,  la rge  slope angles of the nozzle  contour) s t rong shock waves and undesirable r e s t r u c -  
turing of the flow pat tern.  Such cons t r ic t ion  t he re fo re  r eq u i r e s  careful  analysis of the flow inhomogeneity. In 
essence  the investigated effect  is associa ted  with heating of the gas in the supersonic  flow region,  and the op- 
t imum values o f~  j p romote  the best  t empe ra tu r e  and p r e s s u r e  distr ibution of the supersonic  flow. In this 
sense,  the foregoing r e su l t s  a r e  ex t r eme ly  genera l  insofar  as the requ i red  t empera tu re  increase  of the gas can 
be effeeted by a l te rna t ive  methods (hot-gas injection, e l ec t r i c  heating, etc.) using a nozzle  without constr ict ion.  
The r equ i r ed  preheat ing can also be rea l i zed  by means of a sys t em of weak shock waves (oblique compress ion  
shocks)  by a p rocedure  s imi la r  to Blaekman 's  [2]. 
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