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Computat ions  of the ca rbon  dioxide gasdynamic  l a se r  power P a r e  p e r f o r m e d  in the g e o m e t r i c - o p t i c s  
approximat ion ,  as a ru le ,  by using the s t a t iona ry  genera t ion  condition in local  or in tegra l  f o r m  [1]. These  
computat ion methods were  com pa red  in [2] where  the flow was computed of the combust ion  products  of a 
s to ich iomet r i c  fuel combinat ion of ace ty lene  and n i t rogen-enr iched  a i r  through a nozzle and a F a b r y - P e r o t  
r e s o n a t o r  20 c m  long in the s t r e a m  direct ion.  It turns out that the magnitudes of the rad ia t ion  power obtained 
when using the in tegra l  f o r m  of the s t a t ionary  genera t ion condition a r e  somewhat  higher than when using the 
local  f o r m  (the d i f fe rence  did not exceed 25%). At  p r e sen t ,  the CO 2 gasdynamic  l a s e r  using c o m b u s t i o n p r o -  
ducts is used extens ively .  Since the working media  obtained as a r e s u l t  of combust ion  have a suff icient ly 
d ive r s e  compos i t ion  [1], a s i m i l a r  c o m p a r i s o n  in a b roade r  domain of composi t ions  is of in te res t  in connection 
with e s t ima te s  of the ene rgy  poss ib i l i t ies  of these  media .  This is done in this paper  for f ive dis t inct  media  
including a l m o s t  all  the l imit ing c a s e s ,  and in con t r a s t  to [2], the t r a n s m i s s i o n  coeff icient  of the output m i r r o r  
t and the r e s o n a t o r  length a long the s t r e a m  were  opt imized.  

1. The energy  W der ived f r o m  a F a b r y - P e r o t  r e s o n a t o r  in the f o r m  of rad ia t ion  pe r  unit mass  of the 
working medium was computed numer ica l ly  in the geome t r i c -op t i c s  approx ima t ion  with in terac t ion  between 
v ibra t iona l  kinet ics ,  radia t ion,  and gasdynamics  of the s t r e a m  taken into account .  The computat ion method 
using the local  s t a t iona ry  genera t ion  condition is descr ibed  in [3]. In con t r a s t  to [3], cons tancy of the rad ia t ion  
intensi ty I in the r e s o n a t o r  was a s s um ed  in the c a s e  of using the in tegra l  condition, where  the magnitude was 
se lected so as to comply  with the total  equali ty of the rad ia t ion  gain and loss  during re f lec t ion  f r o m  the m i r r o r s  : 
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Here  x ~ and x '  a r e  values  of the coordinate  along the s t r e a m  a t  the r e s o n a t o r  input and output, r e spec t i v e ly ,  L 
is the d is tance  between the r e s o n a t o r  m i r r o r s ,  r t and r 2 a r e  the m i r r o r  r e f l ec t ion  coeff ic ients ,  and k .  is the 
sa tu ra ted  gain coeff icient .  In this ca se  the specif ic  energy  output was computed by means  of the formula  

= P I G  = (x '  - -  x ~  �9 r l ) ,  

where  G is the m a s s  flow r a t e  and H is the height  of the r e s o n a t o r  m i r r o r .  (Here it is a s sumed  that  the r a d i -  
a t ion was der ived only f r o m  the m i r r o r  with the re f l ec t ion  coeff ic ient  rl .)  

2. Computat ions were  p e r f o r m e d  for  a 1600~ s tagnat ion t e m p e r a t u r e  and 20 -a tm  stagnat ion p r e s s u r e .  
The flow of the media  through a p lanar  min imal - l eng th  prof i led nozzle  (with an angular  point) with a 2 o 10-4-m 
th roa t  height  and d eg ree  of broadening 30 was computed by the method in [4, 5]. The input to the r e s o n a t o r  was 
taken a t  the point  where  the unsatura ted  gain coeff ic ient  r e aches  the m a x i m u m  along the s t r e a m .  In order  to 
take account  of the rad ia t ion  lo s ses  in the r e s o n a t o r  cavi ty  indi rec t ly ,  the absorp t ion  coeff ic ient  of each m i r r o r  
is a s sumed  suff ic ient ly  high and equal to 0.06, and L = 2 m.  The composi t ions  of the working media  under con-  
s ide ra t ion  w e r e  subs tant ia l ly  dis t inct .  The p a s s a g e  f r o m  the composi t ion  1, %: N 2 69.0; CO 2 27.6; H20 2.3; 
02 1.1 (here  and hencefor th  everyth ing is in vol.  %) to the composi t ions  2 (N 2 64.5; CO 2 12.9; H20 2.2; 02 20.4), 
3 (N 2 65.4; CO 2 9.3; H20 3.8; CO21.2 ;H 2 0.3), 4 (N 2 69.7; CO 2 9.3; H20 20.9; 02 0.1) and 5 (N 2 84.8; CO 2 10.7; 
H20 2.4; CO 2.0; H 2 0.1) was cha r ac t e r i z ed  by a diminution in the CO 2 concentra t ion  and a co r respond ing  
i n c r e a s e  in the O2, CO, H20 , N 2 concent ra t ions  in the media .  The magnitudes of the specif ic  energy  output 
obtained in the computa t ions ,  the opt imal  t r a n s m i s s i o n  coeff ic ient  topt and the coordinates  along the s t r e a m  at  
the r e sona to r  output X~p t a r e  p resen ted  in Table 1. The computat ions us ing the local  s t a t ionary  generat ion 
condition were  t e rmina ted  a t  a point of the s t r e a m  a t  which se lec t ion  of a magnitude of I a s su r i ng  the value of 
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TABLE 1 

= Use of local condition 
0 

a. X ~ cm XoP t 9s ~ 'opt ' L~ " kJ/kg ' 
I c m  

1 3,0 
2 3,0 
3 i,6 
4 i,6 
5 4,7 

Use of integral condition 
. . . .  

lcJ/k~ topt Xopt' cm 

6,5 
11,4 
9,1 
4,6 

i7,0 

0,24 
0.29 
0:24 
039 
0,34 

7,8 
15,0 
15,0 
t0,2 
23,6 

8,0 
t2,6 

9,8 
4,9 

i9,0 

0,34 
0,39 
0.29 

0,34 

8___0,5 
15-+2,5 
20--+2,5 
iO-+i,5 
35-+2,5 

k,  given by this condition is a l ready impossible,  and the quantity x ' ~ ,  was found in this manner.  The quantity 
uw . - -  r x' varied during application of the integral  condition since it turned out that maximum values of W we e not 

achieved for a resona tor  at whose output k.  = 0. In this case  they were obtained even less for composit ions 3 
and 4 than when using the local condition, and...__~ey equaled 8.3 and 4.0 kJ/kg for the optimal values of t equal to 
0.19 and 0.14, respect ive ly .  The quantities W were usually higher when obtained using the integral  condition, 
but the computed values a re  even better for optimal x'  (see Table 1). 

The difference in the magnitudes of the specific energy output calculated by using the local and integral  
forms of the s ta t ionary  generation conditions for mult icomponent working media of d iverse  composit ions with 
optimal values of t and x' is just  6-18% and diminishes with the drop in CO 2 concentrat ion.  Hence, any of these 
fo rms  canbe used to  es t imate  the energy possibi l i t ies  of the working media  of CO 2 gasdynamic l a se r s .  The optimal 
r e sona to r  lengths obtained in both cases  had not only an identical qualitative but also quantitative dependence on the 
composition; however,  they di f feredby more  thanthe magnitude of the specific energy output (up to 30%). The 
values of top t here  had a somewhat  dist inct  qualitative dependence on the composit ion.  
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