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The propagat ion  of intense opt ica l  rad ia t ion  in a medium containing a solid a e ro so l  causes  a number  of 
t h e r m a l  effects  r e su l t ing  in a change in the ene rge t i c s  and s t ruc tu r e s  of the opt ical  beam.  Thus,  turbidizat ion 
of a med ium containing solid micro inc lus ions  (soot cong lomera te s  of the d imension ~ (2-5) 10 -4 cm) which 
i nc r ea se  with the i nc r ea s e  in the power flux of the act ive  radia t ion,  has been detected in [1]. The authors  of [1] 
a s s u m e  that  the main r e a s o n  for  the turbidizat ion is the des t ruc t ion  of the soot  cong lomera te s ,  however ,  the 
f rac t ionat ion p r o c e s s  i t se l f  was not invest igated in detail .  

The purpose  of this paper  is to study the dynamics  of a single ac t  of soot cong lomera te  des t ruc t ion  in a 
field of  intense l a s e r  rad ia t ion  and the invest igat ion of ce r t a in  c h a r a c t e r i s t i c s  of this p r o c e s s .  

Expe r imen t s  on the act ion of an intense l a se r  pulse  on individual a e ro so l  pa r t i c les  we re  pe r fo rmed  on 
the appara tus  whose block d i a g r a m  is shown in Fig. 1. N e o d y m i u m - g l a s s  l a se r  radia t ion  1 of the type GOS- 
1001, with up to 103 J ene rgy  opera t ing  in the f r ee  genera t ion mode with the pulse durat ion ~ (1-1.9) 10 -3 sec 
and the wavelength ~= 1.06 p m w a s  used as the act ive  source .  The powerful  rad ia t ion  was focused by the lens 2 
with the focal  length F = 150 c m  into the working volume of the chamber  8 in which soot  pa r t i c l e s  were  d i s -  
pe r s ed  by an a i r  flow. The par t i c les  obtained were  cong lomera tes  of i r r e g u l a r  shape with the mean effect ive 
d i ame te r  ~ 5" 10 -4 cm.  

A signal  f r o m  the Ft~U-28 3 was supplied to the osc i l loscope  C 8-2 6 in o r d e r  to de te rmine  the beginning 
of the action,  and to check the durat ion and shape of the rad ia t ion  pulse.  The flow of the soot  pa r t i c les  during 
the action was r e c o r d e d  a t  a 900 angle to the di rect ion of propagat ion  of the act ive radia t ion  by using a FEU-28, 
7 f r o m  which the s ignal  was supplied to the osc i l loscope .  To e l iminate  the influence of sca t t e red  rad ia t ion  of 
the act ive  l a s e r ,  a f i l ter  with a l m o s t  100% re f lec t ion  coeff icient  for X= 1.06 # m w a s  placed i n f r o n t o f  the photo- 
mul t ip l ie r .  The t ime  of the beginning of action on the a e r o s o l  and the beginning of r eco rd ing  its glow on the 
osc i l loscope  was synchronized by using the delay module 5. The o s c i l l o g r a m s  cha rac t e r i z ing  the par t i c le  glow 
p r o c e s s  in the channel  and the pulse shape were  photographed.  

The ene rgy  of the act ive  rad ia t ion  was checked during the m e a s u r e m e n t s  by using the IMO-2 4. 

Mounting of  a photographic appara tus  with a microphoto  a t t achment  in place  of the FEU 7 permi t t ed  
obtaining an in tegra ted  p ic ture  of  the des t ruc t ion  of the soot  pa r t i c l e s .  A typical  photograph of the p roces s  is 
p resen ted  in Fig. 2. The a r r o w  indicates the di rect ion of the acting radia t ion.  Photography yields a graphic  
r ep r e sen t a t i on  of the d i spers ion  d i ag ram  of the des t ruc t ion  products ,  an impor tan t  c h a r a c t e r i s t i c  in analyzing 
the t r a n s f e r  of  opt ical  rad ia t ion  in a e ro s o l  media  subjected to the effect  of intense light pulses .  The mean  
veloci ty  of pa r t i c le  motion is ~ 2 �9 102 c m '  s ec - t .  It is in te res t ing  to e s t ima te  the contr ibution of the light p r e s -  
su re  force  and the r eac t i ve  fo rce ,  which govern  during in terac t ion  between a powerful  l a s e r  pulse and an 
ae ro so l ,  to the par t i c le  motion. 

Let  us e s t ima te  the veloci ty  of the motion of an individual soot pa r t i c le  in a l a se r  beam because  of the 
light p r e s s u r e  force .  The equation of pa r t i c l e  motion in a i r  can be wri t ten  in the f o r m  [2] 

Ft~ + F d ---- Mdv/dt,. (1) 

Tomsk.  Trans la ted  f rom Zhurnal  Pr ik ladnoi  Mekhaniki i Tekhnicheskoi  Fiziki ,  No. 1, pp. 30-34, 
J a n u a r y - F e b r u a r y ,  1979. Original  a r t i c l e  submit ted December  13, 1977. 
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where M = (4~)vr37 is the particle mass, v is its motion velocity, r, 7 are the effective radius and density of the 

particle material, respectively, Fd=-6~-r~v(l + (i/G)Re2/3) [3] is the drag, and ~ is the dynamic viscosity of the 

medium. The formula for F d works well for the Reynolds numbers Re ~ 300. For our case Re ~ I, therefore, 

the second member in the parentheses can be neglected. According to [4], the light pressure force is Fp-- 

(Trr2/c)WKp(p, m) where c is the speed of light, W is the incident radiation flux density, Kp is the light pressure 

cross section, p is the Mie parameter, re=n-i% is the complex refractive index of the particle n~aterial, n is 
the coefficient of refraction, and % is the absorption index. 

We do not take account of motion under the effect of gravitation. It is sufficient to state that the path 

traversed by the soot particles of radius ~5 �9 10 -4 cm under the effect of gravitation during the acLion of the 
effective pulse (tp = 1.9 �9 10 -3 sec) is I.I �9 10 -3 cm. 

Taking the above into account, (i) can be rewritten as follows: 

dv/dt 4- 9~lv/2r27 -= 3WKp]4cr  7. (2) 

For  the initial conditions t = 0, v = 0, the solution of (2) has the form 

W K  r [ (__ 9 ~ l t h ]  
v = ~ [2 - exp ~ 2r~VJ" 

A dependence of the velocity of soot part icle  motion on th~ time in the radiation field is presented in 
Fig. 3. Curve 1 c o r r e s p o n d s  to the v a l u e r = 2 . 1 0 - 4 ;  2 to 5 .10-4;  and 3 to 10 - 3 c m ;  W=1.62"105 W . c m  - 2 , 7  = 
1.82 g ' cm -3 [5]. The quantity Kp was obtained by extrapolating the dependence Kp(~d [6] for the conditions of 
the exper iment :  m=1.9-1 .02  �9 i [5 ] fo r  the acting radiat ion wavelength k = l . 0 6  pro. The values of Kpfound are  
1.03, 1.18, and 1.26, respect ively ,  for curves 1-3. 

After cessa t ion of the action of the radiat ion pulse, the velocity of part icle  motion is described by the 
formula 

U 1 : =  UO--L'V. r 

where v 1 =v at  the t ime of terminat ion of the laser  pulse, and Tr = 2r27/9~? is the relaxation time for the velocity 
of a par t ic le  of radius r .  

Besides the effect of the light p r e s su re  force ,  absorbing mieropar t ic les  of mater ia l  placed in a beam of 
intense laser  radiat ion will experience unilateral  evaporation.  The par t ic les  can acquire the velocity [7] 

v = ve ln(Mo/M(t ) )  , (3) 

in such evaporation,  where Vp is the velocity of escape of the mater ia l  vapor,  M0, M(t) a re  the initial and run-  
ning mass  of the par t ic le ,  respect ively .  It is neces sa ry  to know Vp when making est imates by means of (3). To 
determine the m a x i m u m  value of this quantity, an express ion of the form [8} 
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c a n  be u s e d ,  w h e r e  m is  the  m a s s  of  gas  a t o m  in whose  m e d i u m  the e v a p o r a t i o n  o c c u r s ,  j m  = W/e(1 +2.2kTo/e) ;  e 
i s  the c r y s t a l l a t t i c e  b inding  ene rgy ,  T O is the s u r f a c e  t e m p e r a t u r e ,  and k i s  the B o l t z m a n n  cons tan t .  F o r  a W not  
e x c e e d i n g  10 t~ W" c m  -2 in o r d e r  of  m a g n i t u d e ,  (for g r a p h i t e  7.7" 101~ W" cm-2) ,  the p r o c e s s  is  d e s c r i b e d  by the 
t h e r m a l  m e c h a n i s m  of d e s t r u c t i o n  and T o ~ e /k  [8]. In th i s  c a s e  the e x p r e s s i o n  for  Vp m a x  t a k e s  the f o r m  
Vp m a x  = (3 .2e/m) ~/2. A s s u m i n g  e ~  1 0  -12  e r g ,  we ob ta in  Vp m a x  ~ 8  " 105 c m "  s e c  -1. The c o r r e s p o n d i n g  v a l u e  
of  v a c c o r d i n g  to the  r e l a t i o n s h i p  (3) is  5.6 �9 104 c m "  s e c  -1, which  s i g n i f i c a n t l y  e x c e e d s  the e x p e r i m e n t a l  v a l u e  
o f  v ob t a ined  in th i s  p a p e r .  

A c c o r d i n g  to [1], the t e m p e r a t u r e  of  the  s o o t y  p a r t i c l e s  e x p o s e d  to an  o p t i c a l  r a d i a t i o n  p u l s e  wi l l  f l uc -  
tua te  a r o u n d  the  bo i l i ng  p o i n t  o f  the m a t e r i a l  (T ~ 3800~ in the c a s e  be ing  r e a l i z e d .  A t  the  s a m e  t i m e ,  corn"  
bus t ion  o f  the  p a r t i c l e s  a l r e a d y  o c c u r s  for  T ~  900~ and the d e s t r u c t i o n  p r o c e s s  s t a r t s  in the f r a g m e n t a t i o n  
mode .  The s e c o n d a r y  p a r t i c l e s  (the d e s t r u c t i o n  p r o d u c t s  ~ 1 0  -4 cm) have d i f f e r e n t  v e l o c i t i e s  f r o m  the v e l o c i t y  
of  the v a p o r  e s c a p e  s i n c e  the v i s c o u s  m e d i u m  d r a g  a c t s  on them.  The e s t i m a t e s  p r e s e n t e d  in [8] y ie ld  the 
va lue  of  the  v e l o c i t y  of  such  p a r t i c l e s  ~ 103 c m "  s e c  -1. Tak ing  th i s  into a c c o u n t  we find the  r e a c t i v e  v e l o c i t y  
o f  p a r t i c l e s  e x p e r i e n c i n g  a p a r t i a l  d r o p  in the  m a s s  f r o m  (3), which is ~ 70 c m '  s e c  -1, and is  in  good a g r e e -  
m e n t  with the e x p e r i m e n t a l  r e s u l t s .  T h e r e f o r e ,  the  mo t ion  v e l o c i t i e s  of  s o o t y  m i c r o p a r t i c l e s  due to r e a c t i v e  
f o r c e s  and the  l igh t  p r e s s u r e  f o r c e  a g r e e  in o r d e r  of  m a g n i t u d e ,  and a r e  a d d e d  in th is  c a s e .  

F o r  c o a r s e  p a r t i c l e s  ~ (15-20) �9 10 -4 c m  the a b s e n c e  of  c o m p l e t e  d e s t r u c t i o n  d u r i n g  the p u l s e  i s  c h a r a c -  
t e r i s t i c  for  p o w e r  f lux  d e n s i t i e s  of  the e f f e c t i v e  r a d i a t i o n  o f  1.6 �9 105 W" c m  -2. The p a r t i c l e  is  p u l v e r i z e d  into 
p o l y d i s p e r s e d  p r o d u c t s  wi th  a d i m e n s i o n  f r o m  the s u b m i c r o n  to (5-10) "10 -4 c m .  D e s t r u c t i o n  p r o d u c t s  of the 
d i m e n s i o n  ~ 5" 10 -4 c m  t r a v e r s e  a path  in the m e d i u m  not  l e s s  than 1.5 c m  whi le  a p a r t i c l e  in a v i s c o u s  m e d i u m  
wi l l  t r a v e r s e  a d i s t a n c e  not  e x c e e d i n g  0.5 c m  a t  m e d i u m  m o t i o n  v e l o c i t i e s  N2 �9 102 c m "  s e c  - I  dur ing  a p u l s e  
with the pa th  t r a v e r s e d  du r ing  the r e l a x a t i o n  t i m e  taken  into accoun t .  This  i n d i c a t e s  tha t  c o a r s e  p a r t i c l e s  
~ ( 1 5 - 2 0 )  �9 1 0 - 4 c m m o v e  a t  the v e l o c i t i e s  ~103 c m -  s e c  -1, which can  be  a c h i e v e d  b e c a u s e  of  the  m o r e  i n t e n s e  
d e s t r u c t i o n  and the  a b s e n c e  of  d e c e l e r a t i n g  e j e c t i o n s  f r o m  the shaded  s ide  [9]. I t  m u s t  be  noted tha t  the c o m -  
b u s t i o n  o f  the  p r o d u c t s  c e a s e s  a f t e r  t e r m i n a t i o n  o f  the p u l s e  and to t a l  d e s t r u c t i o n  of the  c o r a s e  c o n g l o m e r a t e  
does  not  o c c u r .  This  c i r c u m s t a n c e  c o n t r i b u t e s  to t m : b i d i z a t i o n  of  the p r o p a g a t i o n  t r a c k  o v e r  the e x t e n t  of the 
whole  p u l s e  o f  e f f e c t i v e  r a d i a t i o n ,  a s  w e l l  a s  a c e r t a i n  t i m e  a f t e r  t e r m i n a t i o n  o f  the  p u l s e .  

T h e r e f o r e ,  b e c a u s e  of  the  e x p e r i m e n t s  c onduc t e d ,  p a r t i c l e  t r a c k s  w e r e  r e c o r d e d  in the c h a m b e r  du r ing  
the  a c t i o n  of  p o w e r f u l  l a s e r  r a d i a t i o n ,  f r o m  an a n a l y s i s  of  which the deduc t i on  can  be m a d e  tha t  p a r t i c l e s  a r e  
a c c e l e r a t e d  in the  c h a m b e r  and p u l v e r i z e d .  V a l u e s  of  the  double  ang le  o f  d i s p e r s i o n  of  the d i s s o c i a t i o n  p r o -  
duc t s  a r e  ~ 9 0  ~ f r o m  the d i r e c t i o n  o f  p r o p a g a t i o n  of the r a d i a t i o n  ( see  F ig .  2). I t  can be conc luded  on the b a s i s  
of  p r o c e s s i n g  the o s e i l l o g r a m s  tha t  the  p a r t i c l e  g low s t a r t s  with a l ag  on the o r d e r  of  4" 10 -6 s ec  r e l a t i v e  to 
the  beg inn ing  of  the  ac t ion .  The f i r s t  2 -3  b e a m s  hea t  the p a r t i c l e ,  i t  s t a r t s  to g low,  then the g low i n t e n s i t y  
d r o p s  1.5 t i m e s .  The  ha l f -w id th  of  the f i r s t  b e a m  of  the g low is  ~ 15" 10 -6 s ec .  L a t e r ,  a 50% m o d u l a t i o n  of  the  
l i gh t  i n t e n s i t y  i s  o b s e r v e d .  This  can  be  e x p l a i n e d  by the s h i e l d i n g  of  the  m a i n  nuc leus  of  the  c o n g l o m e r a t e  by 
the  d e s t r u c t i o n  p r o d u c t s  [9]. The g low i n t e n s i t y  g r o w s ,  r e a c h e s  a m a x i m u m ,  and d r o p s  to z e r o  in the  t i m e  
~ 350" 10 -6 s ec .  The g low is  l a t e r  a b s e n t  a l though  e n e r g y  pumping  c o n t i n u e s ,  which i n d i c a t e s  the  p r e d o m i -  
nance  o f  p a r t i c l e s  with s m a l l  d i m e n s i o n s  which  have  a low c o e f f i c i e n t  of  a b s o r p t i o n  [10], up to the end of  the  

p u l s e  ac t ion .  

C o m p a r i n g  the p a r t i c l e  t r a c k s  and the g low o s c i t l o g r a m s  for  d i f f e r e n t  p o w e r  d e n s i t y  l eve l s  in the c h a n -  
ne l  p e r m i t s  m a k i n g  the  d e d u c t i o n  t ha t  the  l i f e t i m e  of  the  whole  c o n g l o m e r a t e  d i m i n i s h e s  a s  the p o w e r  d e n s i t y  
of  the  i n c i d e n t  r a d i a t i o n  i n c r e a s e s .  Thus fo r  the  p o w e r  d e n s i t i e s  1.3" 105, 1.13" 105, 0.7" 105 W" c m  -2 the  t r a c k  
l eng ths  0.1,  0 .15,  0.4 c m  a r e  r e s p e c t i v e l y  ob ta ined .  The glow t i m e s  c o r r e s p o n d i n g  to the p a r t i c l e  l i f e t i m e s  a r e  

0.6 �9 10 -3, 1.0 �9 10 -3 and 1.2 �9 10 -3 s e e .  

The f luc tua t ing  n a t u r e  o f  the  p a r t i c l e  mo t ion  is o b s e r v e d  for  the v a l u e  0 .7-  105 W" e m  -2 of  the  p o w e r  
d e n s i t y ;  th i s  i n d i c a t e s  tha t  a r e c o i l  p u l s e  o c c u r s  a t  the  t i m e  of  p u l v e r i z a t i o n  which f o r c e s  the m a i n  p a r t i c l e  to 
c h a n g e  the d i r e c t i o n  of  i t s  mot ion .  The  p e r i o d  of  the e j e c t i o n s  o f  the d e s t r u c t i o n  p r o d u c t s  is  ~ 0.8 " 10 -8 s ec  

for  the  m e n t i o n e d  v a l u e  o f  the power .  

The p a r t i c l e  v e l o c i t y  in  the  channe l  can  be  e s t i m a t e d  by m e a n s  of  the  t r a c k  length and the  g low d u r a t i o n  
for  d i f f e r e n t  d e n s i t i e s  of the  e f f ec t i ve  r a d i a t i o n ,  u n d e r  the  a s s u m p t i o n  of  u n i f o r m  mot ion .  Thus ,  fo r  r ~ 2 . 5 "  
10 -4 c m  we have  v N 1.5 �9 102 c m "  s e c  -1 fo r  W = 1.3 " 105 W" e m  -2 and v ~ 3 " 102 c m "  s e c  -1 for  W = 0.7" 105 W" c m  -2, 
f r o m  which the  d e d u c t i o n  can  be m a d e  tha t  for  high l e v e l s  of  e n e r g y  p u m p e d  into the channe l ,  the  m a i n  p a r t  of  
the  p a r t i c l e s  (r  ~ 2.5 �9 10 -4 cm) i s  d e c e l e r a t e d  d u r i n g  d e s t r u c t i o n .  The i n t e g r a t e d  c u r v e  of  the  d e s t r u c t i o n  p r e -  

s e n t e d  in  F i g .  2 i n d i c a t e s  th is  c i r c u m s t a n c e .  
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COMPUTATIONS OF THE GAIN COEFFICIENTS OF MULTICOMPONENT 

WORKING MEDIA IN COMBUSTION-PRODUCT CO 2 GDL 

A. P .  G e n i c h ,  N. V .  E v t y u k h i n ,  
S.  V .  K u l i k o v ,  G.  B. M a n e l i s ,  
a n d  M. E .  S o l o v ' y e v a  

UDC 533.6.011.8 +621.375.826 

That the r ea l  laser  working medium is a mult icomponent medium [1] must  be taken into account  in p r o -  
ducing powerful CO 2 gasdynamic lasers  (GDLs) operat ing on combustion products .  Numerical  computat ions,  
in addition to the exper imenta l  investigations,  play an impor tant  ro le  in this a rea .  Such computations permi t  a 
bet ter  conception of the mechanism of population invers ion format ion in the flow and insofar  as is possible the 
r ep lacement  of a tedious experiment .  

The optical gain coefficieats  of complex working media whose composi t ions are  adequate to the compos i -  
tions of propel lant  combust ion products f rom the elements  C, H, O and N are  considered in this paper .  The 
analysis  and c lass i f icat ion of the resul ts  a r e  per formed on the basis of  an examination of the element  compos i -  
tion of the working medium since the a tomic composit ion,  the t e m p e r a t u r e  To, and the p r e s s u r e  P0 of the gas in 
the r e s e r v o i r  uniquely determine all  its thermodynamic  cha rac t e r i s t i c s :  the equil ibrium components of the 
composi t ion,  the internal  energy,  etc. The mathemat ica l  model and the method of computation have been 
descr ibed ea r l i e r  in [2]. In order  to a s se s s  how c o r r e c t  the model used is, whether the kinetic constants 
needed to c o m p a r e  the computation resu l t s  with the exper imenta l  data in a broad range of working medium 
composi t ions,  stagnation pa rame te r s ,  and nozzle charac te r i s t i c s .  In this connection, an at tempt is made in the 
f i rs t  two par t s  of the paper to se lect  a set  of vibrat ional  re laxat ion ra te  constants that would pe rmi t  matching 
the computational  and available exper imental  resu l t s  in the best  way. 

1. Flow of a mixture of the gases CO2, N2, and H20 through a nozzle was examined. The formulat ion of 
the problem and the computation method a re  presented in [2]. Since the computations were per formed for T o < 
2000~ then in all  cases  the chemical  p rocesses  were not taken into account.  In cont ras t  to [2], an implicit  
difference scheme with an a lmos t  s econd-o rde r  approximation (s = 0.44) [3] was used,  which permit ted shor ten-  
ing the computation time. 
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