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The  m o s t  impor tan t  ene rgy  c h a r a c t e r i s t i c  of a gasdynamic  l a se r  is the power of the genera ted  r a d i a -  
tion. The  p r e s e n c e  of a h igh- speed  p r o g r a m  for  calcula t ing the flow of a re lax ing  gas  in a nozzle and r e s o -  
na tor  and the use of eff icient  methods of finding the e x t r e m a  of functions of many  v a r i a b l e s  have made  it  pos -  
s ible  to solve the p rob lem of opt imizing the ampl i f ica t ion  fac tor  and the spec i f ic  genera t ion  power [1-3]. 

The p r e s e n t  r e p o r t  is a d i r e c t  deve lopment  of the publicat ions [1, 2] ; in pa r t i cu l a r ,  h e r e  we cons ider  a 
l a r g e r  number  of va r i an t s  of the functional being opt imized and indicate some pecu l ia r i t i e s  of these  func-  
t ionals  which appear  a t  high init ial  p r e s s u r e s .  It should be  noted that  a number  of r e p o r t s  have r ecen t ly  been  
publ ished in which new m e a s u r e m e n t s  have been  made  of the exper imenta l ly  de te rmined  quanti t ies  which 
c h a r a c t e r i z e  the opera t ion  of a ca rbon  dioxide, gasdynamic  l a se r .  In [3, 4], on the b a s i s  of a c r i t i ca l  ana lys i s  
of a l a rge  number  of e x p e r i m e n t a l  data,  Volkov e t  al. offered the i r  own approx imat ions  of the t e m p e r a t u r e  de -  
pendences  of the r a t e  constants  for v ib ra t iona l  energy  exchange and the Eins te in  coeff ic ient  for the spontane-  
ous t rans i t ion ;  these  data  we re  used in the p r e sen t  r epo r t .  

1. We will  a s s u m e  that  the genera t ion  takes  place in a p l ane -pa r a l l e l  F a b r y - P e r o t  r e s o n a t o r  with the 
following d imens ions :  Z along the s t r e a m ,  d a c r o s s  the s t r e a m ,  and m over  the height  of the s t r e a m .  To  de -  
s c r i be  the k inet ics  of the v ib ra t iona l  ene rgy  exchange we used the scheme  adopted in [2], by  isolat ing th ree  
re lax ing  components  of the mix ture :  ni t rogen,  the a n t i s y m m e t r i c  type of CO2 v ibra t ions ,  and the s y m m e t r i c  
and de fo rma t ion  types  of CO2 v ib ra t ions ,  combined owing to F e r m i  resonance .  

To c lose  the s y s t e m  of equations for  gas  flow in the r e s o n a t o r  we used the condition of s teady g e n e r a -  
t ion in the fo rm of an  approx imat ion  of a constant  ampl i f ica t ion  factor ,  (1 - a - t )  exp(2dk , )  = 1, where  t is 
the coeff ic ient  of t r a n s m i s s i o n  of the m i r r o r  through which the e m i s s i o n  occur s ;  a is the loss  factor  for  two 
p a s s e s  of the b e a m  through the r e s o n a t o r ;  k .  is the value of the ampl i f ica t ion  factor  in the sa tu ra t ion  mode. 
In the zone of e s t ab l i shmen t  of the mode of s teady genera t ion  the value of the ampl i f ica t ion  fac tor  v a r i e s  f rom 
k 0 a t  the nozzle  exi t  to the value k ,  (if k o > k , ) .  By analogy with [5], the equation of va r ia t ion  of the sp ec t r a l  
in tensi ty  I can be  used to find the law of va r i a t ion  of the r e s p e c t i v e  quanti t ies  in this zone.~ On the other  
hand, the c h a r a c t e r i s t i c  t ime  of e s t ab l i shmen t  of a s teady  genera t ion  level  is f a r  less  than the t ime  of mot ion 
of the gas  in the r e s o n a t o r ,  and in this  zone the va lues  of e 2, e~  k, and I change a l m o s t  abrupt ly  a t  the en -  
t r ance  to the r e s o n a t o r  (here ,  as  in [2], e 2 and e s a r e  the v ibra t iona l  ene rg i e s  of the v 2 and v 3,tyl~,S of CO2 
v ibra t ions) .  I f  the va lues  of e2 and e s be fo re  and a f t e r  the jump a r e  designated as  e ~ e~ and e2, es ,  then the 
equations 

al low us to de t e rmine  the values  of e 2 and e s beyond the jump. H e r e  k(e2, e s) is the functional dependence 
of the ampl i f ica t ion  fac tor  on e 2 and e 3 ; the second equation r e p r e s e n t s  the law of conse rva t ion  of the total  
number  of quanta. We can show that  the power conver ted  into radia t ion at  the jump is calcula ted by the equa -  
t ion 

= .  ,.t (%-%)  ~co,p~ l" 6~ + 6% + ~ t 
P- t + r T .) (2% A- t)~ k (e~, e 3 (%)) de2' 

0 

where  | and | a r e  the c h a r a c t e r i s t i c  v ibra t iona l  t e m p e r a t u r e s  of the 001 and 010 levels  of the C02 m o l e -  

Tin [6] a va r i ab l e  coeff ic ient  of t r a n s m i s s i o n  of the m i r r o r  was ass igned  to obtain the solution in this zone. 
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cules ;  p, u, and T a r e  the gas  p r e s s u r e ,  veloci ty ,  and t e m p e r a t u r e ;  ~C02 is the m o l a r  f rac t ion  of ca rbon  
dioxide. In ca lcula t ing the ampl i f ica t ion  fac tor  k we e x p r e s s e d  e 3 through e z using the equation of c o n s e r v a -  

�9 t ion of the number  of quanta. In such an approx imat ion  the total  power P ex t r ac t ed  f rom the r e s o n a t o r  can 
be  ca lcula ted  in the fo rm of a sum of two t e r m s ,  

I 

where  P = ~ ~ Idl,  -t- 0 
Q 

P = P .  § Pi, 

r = i - -  a - -  t ,  while the in tegra t ion runs  over  the en t i r e  length of the resona to r .  

(1.1) 

The deg ree  of expansion of the s t r e a m  will  be  given by analogy with [1]. A t rans i t ion  to d imens ion less  
v a r i a b l e s  for  the p rob l em  under cons idera t ion  (let  the nozzle  length L be the c h a r a c t e r i s t i c  length) shows 
tha t  as  the p a r a m e t e r s  de te rmin ing  the c l a s s  of s i m i l a r  flows we can take the quanti t ies 

To, ~, ~,  ~ ,  (1.2) 

where  X = P0L; ~ j = 2 t a n  flj" L / h . ( j  = 0, 1, 2); T O and P0 a r e  the init ial  t e m p e r a t u r e  and p r e s s u r e ;  ~i a r e  
the m o l a r  f rac t ions ;  h .  is  the c r i t i ca l  c r o s s  sec t ion  of the nozzle;  flj a r e  the angles  a t  the separa t ion  nodes. 
In o rde r  to show the comple te  s y s t e m  of p a r a m e t e r s  for opt imizing the ampl i f ica t ion  fac tor ,  we tu rn  to its 
functional dependence 

( g" ) a H ( a , O ) = F ( ~ , e + , e 3 ,  ToTl, popt) (1.3, k = B  N ~ - - - T m N  m -~c " ' 

where  Nn, Nm, gn, and gm a r e  the populat ions and s ta t i s t i ca l  weights  of the upper and lower l a s e r  levels ,  
r e spec t ive ly ;  B is a constant ;  a is the r a t io  of the col l is ional  half-width AC to the Doppler  half-width AD 
(a  = (Ac/AD) ln2); H ( a ,  0) is the value of the Vo ig t  function a t  the center  of the line; T 1 and pl a r e  d imen -  
s ion less  t e m p e r a t u r e  and p r e s s u r e  (T 1 = T / T 0 ,  pl = P/P0). Since the d imens ion less  quanti t ies e2, ea, T l, and 
pl a r e  fully de t e rmined  by  the p a r a m e t e r s  (1.2), i t  is seen  f r o m  (1.3) that  the quantity P0 is an independent 
opt imiza t ion  p a r a m e t e r .  I f  we fix the p a r a m e t e r s  (1.2) while we inc rea se  the quantity P0, then we a r e  in a 
reg ion  where  col l i s ional  broadening  A c p redomina te s  over  Doppler  broadening.  As an analys is  of the de -  
pendence (1.3) shows, with such an i nc rea se  in the p r e s s u r e  P0 the value of the ampl i f ica t ion  factor  i n c r e a s e s  
monotonical ly ,  approaching  some  l imit ing value k~,  i .e . ,  lira k = l~, e x i s t s . t  Th is  a l lows us to s ta te  that if  

p0--) oo 

the p a r a m e t e r s  P0 and ~ a r e  included a t  the s a m e  t ime  among  the p a r a m e t e r s  being opt imized,  then the value 
of P0 will  i n c r e a s e  without l imi t  in the p r o c e s s  of  the s ea rch .  We can  avoid th is  by  cons ider ing  fixed values  
of the p r e s s u r e  P0 (or of the c h a r a c t e r i s t i c  length) .  As is known, in the v ic in i ty  of a = ~ the Voigt  function 
H ( a ,  0) c a n b e  expanded in the s e r i e s  H ( a ,  0) = (1/~f~ra)(1 - 1 / 2 a  2 + 3 / 4 a  4 + . . . ) .  Thus,  with a given a c -  
c u r a c y  e the c r i t e r i o n  for  fulf i l lment  of the condition (1 - k / k ~  < e is 

(1.4) 
t t2a 2 - -  314a 4 < e. 

In an ana lys i s  of the flow of a r e l a x i n g  gas  in a r e s o n a t o r  we add the quant i t ies  l l, t ,  and k .  to the de -  
t e rmin ing  p a r a m e t e r s  (1.2), where  l 1 = l / L  is the d imens ion les s  length of the r e sona to r .  For  given t and 
the value of k .  is  fully de t e rmined  by the s t r e a m  width d, so that  the comple te  se t  of p a r a m e t e r s  for opt i -  
miz ing  the spec i f ic  power has  the f o r m  

, To, ~, ~,  ~j, l ' ,  t, d. (1.5) 

Let  us r e p r e s e n t  the absolute  e m i s s i o n  power  P, de te rmined  f rom (1.1), in the fo rm P = h ,P0~(H,  P0), 
where  H is the s e t  of  p a r a m e t e r s  (1.5) ; # is  some  function of these  a rgument s .  We can show that  with such 
a r e p r e s e n t a t i o n  of the power P the function @ is bounded, lim @( 1I, P0) = ~ (H),  which follows f r o m t h e  

])o-~oo 

ex i s tence  of a l imi t  for  the ampl i f ica t ion  factor .  

Le t  us cons ide r  the opt imizat ion  of va r ious  kinds of speci f ic  power Pz in the fo rm Pz = ( l / z )  ( P / h . )  = 
P0 #( H, P0)/z ,  where  z is  some  c h a r a c t e r i s t i c  of the sys t em.  I t  is obvious that  the quantity z mus t  be  a 
function only of N and P0 and does  not depend on the c r i t i c a l  c r o s s  sec t ion  h , .  Assuming  that  it is poss ib le  
to r e p r e s e n t  z in the f o r m  of a product  of  e l (P0)  and ~2( I I ) ,  we can  wr i t e  

t T h e  expe r imen t a l l y  m e a s u r a b l e  quant i t ies  en ter ing  into the e x p r e s s i o n  for  the ampl i f ica t ion  factor  a r e  such 
that  under ac tua l  conditions the va lues  of  koo do not exceed  0.1-0.13 cm -4 by  es t ima te .  Consider ing the l i m i t a -  
t ion  k _ k~ ,  we can  s ta te  that  i t  is  imposs ib le  to obtain an ampl i f ica t ion  fac tor  higher  than 0.13 cm "l in a 
gasdynamic  CCh l a se r .  
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Fig. i 

r (~) r (~) 
(1.6) 

Let  us cons ider  a c losed  reg ion  of a s s i g n m e n t  of the opt imiza t ion  p a r a m e t e r s ,  

0 ~ p m i n  ~ P o ~ P m a x ~ ~ 1 7 6  q~(I~)~0 ,  k ~  i,  2 . . . . .  re, (1.7) 

where  q k ( ~ )  is some  function of ~ .  We designate  the subregion  of (1.7) where  the condition ]1 - @/@/@~1 < 
is sa t i s f i ed  as  W E and the r e s t  a s  W 0. 

Di f fe ren t  va r i an t s  of the functional Pz be ing opt imized  and d i f fe ren t  va lues  of the op t imum vec tor  II 
c o r r e s p o n d  to d i f ferent  r ep r e s en t a t i ons  z for  each  fixed p r e s s u r e  Pc. The  g e o m e t r i c a l  locus o f  the op t imum 
points  f o r m s  cu rves  in the mul t id imens iona l  space  ( H, P0). Qual i ta t ively  d i f ferent  examples  of such cu rves  
in the r eg ion  (1.7) a r e  shown in Fig. 1 (curves  1-3). Le t  z be  such that  when P0 = P0 the opt imum vec to r  
l i e s  in the reg ion  W E. Then  when P0 > Pc the function @(~, P0) hard ly  depends on the p r e s s u r e  P0 (with an 
a c c u r a c y  of o rde r  s and the op t imum values  of H the reby  depend weakly on the p r e s s u r e  (curve  S in Fig. 
1), as  s een  f r o m  (1.6), while the op t imum value of Pz in the region Ws v a r i e s  by the law P0/~l(P0) in this 
case .  Curves  1 and 2 in Fig. 1 c o r r e s p o n d  to r ep r e sen t a t i ons  z for which the s t rong dependence of @( H, P0) 
on the p r e s s u r e  P0 r e m a i n s  en t i r e ly  inside the range  (1.7) under considerat ion.  

Fo r  c l e a r n e s s  in p resen t ing  the r e s u l t s  obtained we will  use  the quant i t ies  S t and S instead of the 
p a r a m e t e r s  at  and a2,  where  S 1 and S a r e  the degree  of expansion of the superson ic  s t r e a m  a t  the point 
( 4 / 9 ) L  and a t  the nozzle  exi t  [1]. Th is  is  poss ib le  because  the t rans i t ion  f rom a0,  St, and S to the quanti t ies  
a j  is  one - to -one ,  and the se t  of p a r a m e t e r s  for  opt imizing H will  have the f o r m  

To, ~, ~i, ~o, $I, S, l l, t, d. 

Le t  z = ~ z  k. As z k we will  consider  the c h a r a c t e r i s t i c s  G ,  = G / h . ,  V .  = V / h , ,  g0, and a~ = 

2 tanfl0/h* = a o P o / l ,  where  G is  the gas  flow r a t e ;  V is the volume of the sy s t em;  H 0 is the enthalpy of 
unit m a s s  of gas  a t  the nozzle  en t rance .  Fo r  a pe r f ec t  gas,  as  is  known, the flow r a t e  is G = h ,dp0/~ /RT0.  

y (2/y + t )  ~-~ , where  R is the gas  constant ;  ~/ is  the adiabat ic  index. Neglecting the va r i a t ion  of ~/, for a 

re lax ing  gas we can  take G .  ~ p0d/R~fRT0. As the vo lume of the s y s t e m  we will  consider  the quantity V = 
m d ( L  + l ) = h . L ( 1  + ll)Sd, so that  V . =  L(1 + l l )Sd.  The enthalpy H 0 is a function of the m o l a r  f rac t ions  
~i and the t e m p e r a t u r e  T0(H 0 = I Io(T0, ~i) = H0(H). In Table  1 we p r e sen t  the f o r m s  of P0/~I(P0) and ~2(H) 
for  d i f fe ren t  r e p r e s e n t a t i o n s  z (without a l lowance for  the mul t ip l ie r  connected with ~/). 

We note that  if  z contains the volume V ,  a s  a cofactor  then the degree  of s t r e a m  expansion S is in the 
denc~:c~nator in the r e p r e s e n t a t i o n  Pz. In th is  case  the s e a r c h  for the op t imum can lead to such sma l l  values  
of S tha t  the p r e s s u r e  a t  the nozzle  exi t  wil l  be  r e l a t ive ly  high and the c r i t e r i on  (1.4) will  be  sa t i s f ied  and 
thus wil l  be  a suff icient  condition for  finding a solution in the region W~. 

2. The pr inc ipa l  r e s u l t s  of the solution of the opt imizat ion p rob lem a r e  given in Figs.  2-6 and in T ab l e s  
2 and 3. In Fig. 2 the op t imum values  of the p a r a m e t e r s  To, ~CO2, ~N2, ~, ~0, $1, S, t ,  and the m a x i -  
m u m  value of Pz a r e  given for z = HOG., i .e . ,  the s e a r c h  p rob l em was solved with the a i m  of obtaining the 
h ighes t  eff ic iency (the f rac t ion  of t h e r m a l  ene rgy  conver ted  into rad ia t ion  per  unit m a s s  of gas). The  init ial  
p r e s s u r e  P0 is  laid out along the absc i s sa .  The m o l a r  f rac t ions  and the value of Pz a r e  given in pe rcen t  and 
the quantity ~ in a t m .  cm.  The  solid l Ines co r r e spond  to the r e su l t s  of a s e a r c h  with the ene rgy-exchange  
r a t e  constants  used in [1, 2] while the dashed l ines a r e  the s ame  for  [3]. As is seen,  an  ana lys i s  of  d i f ferent  
t e m p e r a t u r e  approx imat ions  of the ene rgy-exchange  r a t e  constants  leads to some d i f fe rences  in the resu l t s .  
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TABLE 1 

* ~Oo/r ~h(ff) 

G, 
G, V, 
Ito~ . 
ItoC, V,~; 

1 

Po 
t 
1 

d/V'h-~o 

HoSd2Ci + l')~o! tr-~r~o 

As the ca lcula t ions  show, the ra t io  of the power  P to the r e sona to r  width d grows monotonical ly  with 
an  i nc r ea se  in d, approaching  some  l imi t ing  value.  Th i s  is connected with the fact  that  an i nc rea se  in the 
width d leads  to a d e c r e a s e  in the coeff ic ient  k , ,  so  that  the fulff l lmeut of the condition of se l f -exc i ta t ion  
b e c o m e s  m o r e  favorab le  and, evidently,  the value of the intensi ty  Iun per  unit t r a n s v e r s e  s ize  of the med ium 
(I = dIun) grows  monotonical ly .  If  z ~ d then the value of the s t r e a m  width m u s t  be  fixed in a s e a r c h  for  the 
opt imum.  We will  take d = 1 m-" Calculat ions show that  the dependence of Iun on d is v e r y  weak when d > 1 
m.  

E s t i m a t e s  of the c t m r a c t e r i s t i c  length l* = T*u of re laxa t ion  of the populations of the l a s e r  levels  in 
the p r e s e n c e  of r ad ia t ive  t r ans i t ions  (T* is the c h a r a c t e r i s t i c  re laxa t ion  t ime) show that  [* does not exceed  
20-30 cm,  and a t  d i s t ances  I ~ 1 m m  the in tens i ty  is  c lose  to ze ro  in the p r e sence  of generatioru Tha t  length 
w h e r e  the value of the in tensi ty  I is  exac t ly  reduced  to z e r o  wil l  na tura l ly  be  op t imum for the functional un- 
de r  cons idera t ion .  Such a length, genera l ly  speaking,  is a l so  de t e rmined  by  the c h a r a c t e r i s t i c  re laxa t ion  
length 10 in the absence  of r ad ia t ive  t rans i t ions .  E s t i m a t e s  show that  l 0 is s e v e r a l  tens of t imes  g r e a t e r  
than  l* .  In solving the p r o b l e m  of sea rch ing  for the r e s o n a t o r  length we imposed  the r e s t r i c t i o n  l < 1 m,  
which p e r m i t s  a reduct ion  in ca lcula t ion t ime  without a s ignif icant  change in the r e su l t s  of the optimizatioru 

The r e s u l t s  of the s e a r c h  for the m a x i m u m  of PHoG , show that  the op t imum values  of ~ (in the en t i re  
r ange  of va r i a t ion  of P0) l ie in the reg ion  W0, so that  the function ~( II, P0) has a s t rong  dependence on P0 
and the c r i t e r i o n  (1.4) is  not sa t is f ied.  We a l so  note that  under the op t imum conditions (in al l  the ca se s  under 
considerat ion)  the value of the e m i s s i o n  power P ,  a t  the jump is f a r  l e s s  than the total  power P ( P , / P  << 1). 

The r e s u l t s  of a de te rmina t ion  of the m a x i m u m  for  z = H o G . V ,  a r e  p resen ted  in Fig. 3. The s e a r c h  
for the m a x i m u m  of this functional al lows us to d e t e r m i n e  those conditions under which the re  is  the m a x i m u m  
f rac t ion  of t h e r m a l  ene rgy  conver ted  into rad ia t ion  for  each  unit volume of the sys t em.  The  op t imum values  
of  the p a r a m e t e r s  a r e  given in r e l a t i ve  units in Fig. 3. The  va lues  of the co r respond ing  quanti t ies  a t  a p r e s -  
su re  P0 = 25 a t m  a r e  taken  as  unity, while Tab le  2 al lows one to r e c o n s t r u c t  the absolute  values  of the 
p a r a m e t e r s .  The  solution of the p rob lem for  such functionals a l so  al lows us to de t e rmine  the opt imum s izes  
d,~l l, and S. The  r e s u l t s  p r e sen t ed  show r a t h e r  convincingly that  as  the p r e s s u r e  P0 i n c r e a s e s ,  the sequence 
of va lues  of the components  of the vec to r  ~ app roach  some  l imi t ing  va lues ,  and the s e a r c h  for the opt imum is 
c a r r i e d  out in the r eg ion  We. Analogous r e s u l t s  of a s e a r c h  for the m a x i m u m  of the functional Pz for  z = 
H o G , V , ~  a r e  p re sen ted  in Fig. 4. 

The  s i ze s  L and 1 and the r a t i o  t a n f i 0 / h ,  co r re spond ing  to the p r e s s u r e  P0 a r e  de te rmined  f rom the 
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Fig. 6 

equat ions L = k/P0, l = l 1 L, and tan r i o ~ h ,  = ~0/2L,  i .e . ,  with an i nc r ea se  in the p r e s s u r e  P0 in the region 
We the  lengths of the nozzle  and the r e s o n a t o r  d e c r e a s e  while the ra t io  tan r i o ~ h ,  i n c r e a s e s .  The ac tual  
p r o p e r t i e s  of the gas and demands  of an  opt ical  na ture  impose  l imi t s  on the phys ica l  p a r a m e t e r s  of the s y s -  
t em,  so that  fi0 ---flmax, h .  _ hmi n,  and l _> lmin .  The  m a x i m u m  expansion angle f imax c a n b e  chosen both 
f r o m  the r e q u i r e m e n t  of a s s u r i n g  the "one -d imens iona l i t y "  of the gas  s t r e a m  and f r o m  cons idera t ions  of the 
absence  of the deve lopment  of  shocks  in the supe r son ic  s t r e a m .  The  v i s c o s i t y  of the gas  in tu rn  h inders  the 
use  of e x t r e m e l y  s m a l l  va lues  of h . .  The r e s o n a t o r  length l can be  l imi ted  by the m a x i m u m  at ta inable  d i -  
v e r g e n c e  of the output radia t ion.  T h e s e  l imi t s  d e t e r m i n e  the upper  boundary  for the p r e s s u r e  P0 below which 
we can  use the r e s u l t s  of the solution of the p rob lem in the reg ion  We: P0 < min  (Pl, 192), where  Pi = l l X / l m i n  

and P2 = 2 k t a n r i m a x / ~ 0 h m i n .  For  P0 > m a x  (Pl, P2) one evident ly  m u s t  cons ider  l = / r a i n ,  h ,  = hmi  n, and 

&= rimax. 

Some r e s u l t s  of a solut ion of the s e a r c h  p r o b l e m  with he l ium and w a t e r  vapor  a r e  given in Tab l e s  2 and 
3. The  number  I in Tab le  2 co r r e sponds  to finding the m a x i m u m  of Pz for  the ene rgy-exchange  constants  of 
[1, 2], while the n um ber  II  c o r r e s p o n d s  to the s a m e  for [3]. With water  vapor  the ene rgy-exchange  p robab i l i -  
t i e s  w e r e  taken  in acco rdance  with [3] in a l l  cases .  In the divis ion by  the vo lume V .  (see  Tab le  3) the opt imum 
va lues  of the ini t ial  t e m p e r a t u r e  a r e  T O < 1400~ while the op t imum wa te r  vapo r  content is not l e s s  than 4%. 
We note that  the p robabi l i t i e s  of ene rgy  exchange under the ac t ion  of wa te r  vapo r  a r e  de te rmined  only for low 
t e m p e r a t u r e s  T < 1000 ~ K, and a t  such r e l a t i ve ly  low init ial  t e m p e r a t u r e s  the r e su l t s  obtained have a higher  

re l iab i l i ty .  

In the solut ion of the s e a r c h  p rob lem i t  was  a s s u m e d  that  the loss  fac tor  in the r e sona to r  is c~ = 0.02. 
Under ac tua l  condit ions,  na tura l ly ,  the l o s s e s  m a y  be  cons iderable .  In this  connection it was decided to p e r -  
f o r m  the opt imiza t ion  for higher  va lues  of ~ up to 0.1. The  calcula t ions  showed that  the opt imum values  of 
the  p a r a m e t e r s  (except  for  the s t r e a m  width d and the coeff ic ient  of t r a n s m i s s i o n  t of the m i r r o r s )  change 
sl ight ly for  d i f ferent  a .  In Fig. 5 we give (in r e l a t i ve  units) the op t imum values  of Pz,  d, and t for d i f ferent  
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representat ions z: 1) z = G , ;  2) z = HOG.; 3) z = H o G . V , ~ ;  4) z = HoG,V,;  5) z = G .V ,~* .  The values 
of the respect ive quantities at a = 0.02 are  taken as unity. 

Topographic lines of equal values of the functional for z = G.V, in the coordinates ~CO 2 - ~N~ are 
presented in Fig. 6. The value of Pz at the optimum point is taken as unity. Such pictures give a concept of 
the functional in the vicinity of the optimum point. 
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C A L C U L A T I O N S  OF E N E R G Y  C H A R A C T E R I S T I C S  

OF M U L T I C O M P O N E N T  W O R K I N G  MEDIA IN CO2 

G A S D Y N A M i C  L A S E R S  B A S E D  ON C O M B U S T I O N  

P R O D U C T S  

A. P .  G e n i c h ,  S. V.  K u l i k o v ,  
a n d  G. B .  M a n e l i s  

UDC 533.6.011.8+621.3'/5.826 

The working media of CO2 gasdynamic lasers  (GDL) operating on the combustion products of fuels con- 
mining the elementary composition C, H, O, N are ,  as a rule, multicomponent media. At stagnation tempera-  
tures To < 2000~ there  are  mainly CO, 02, and H2 present  in them along with the main components CO2, N2~ 
and H20. Before entering the nozzle the multicomponent media are  in a state of total thermodynamic equili- 
brium. This makes it possible to use the thermodynamic approach developed ear l ie r  [1], based on. the fact 
that a complex medium is character ized by the elemental composition and the stagnation temperature and 
pressure  (To, P0), for the analysis of their laser  properties.  Calculations of the amplification factors of such 
media and the corresponding analysis are  presented in [2, 3]. The useful radiant energy ~ which can be ob- 
tained from a unit mass of the working medium is investigated in the present  report .  

Reports on calculations of the radiant energy and power in GDL can be divided arbi t rar i ly  into three 
groups. Estimating reports ,  which do not consider the generation process at all, belong to the f irs t  group. 
Thes~ are  simple calculations either of the maximum energy attainable for extraction [4] or of an estimate of 
the generation power [5, 6]. The second group of reports  includes more real is t ic  calculations ['/-12] ; p roces-  
ses of generation and vibrational kinetics in the resonator are  now considered in them, but their  influence on 
the gasdynamic parameters  of the s tream are  neglected. The s t ream in the resonator is assumed to be iso- 
thermal  and to have a constant velocity. 

Since the assumption of constancy of the gasdynamic parameters  in the resonator is not always justi-  
fied, the further improvement of the calculations is connected with allowance for the mutual influence of the 
vibrational kinetics, emission, and gasdynamics of the stream. This is the third group of reports  [13-15]. In 
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