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The  a r t i c l e  p r e s e n t s  the r e s u l t s  of m e a s u r e m e n t  of the spec t r a l  extinct ion coefficient  of the 
des t ruc t ion  p roduc t s  of hea tp roof  m a t e r i a l  in a s t r e a m  of a i r  p l a sma .  

In connection with the p rac t i ca l  i n t e re s t  in the p r o b l e m  of appa ra tu se s  en te r ing  the a tmosphe re  of 
p lane t s ,  ques t ions  connected with the in te rac t ion  between hot emi t t ing  gas and d is in tegra t ing  m a t e r i a l s  be-  
come highly topical .  One of the chief t a sks  connected with this p rob l em is the study of the opt ical  p rope r t i e s  
of the mul t icomponent  boundary l aye r ;  the e f fec t iveness  of reducing the heat  flux f r o m  the c o m p r e s s e d  l aye r  
behind the shock  wave to the appara tus  depends on these  p rope r t i e s .  The invest igat ion of the composi t ion,  
t e m p e r a t u r e ,  and o ther  radia t ion c h a r a c t e r i s t i c s  of the vapor s  of the boundary l aye r  is t h e r e f o r e  of p rac t i ca l  
impor tance .  The p r e s e n t  w o r k  examines  these  quest ions.  

F o r  model ing ae rodynamic  heat ing by the shock l aye r ,  a gasdynamic  device [1, 2] was used. The 
device with h igh- f requency  e l ec t rode l e s s  heat ing of the gas sa t i s f ied  the bas ic  r e q u i r e m e n t s  that  such a 
source  m u s t  m e e t ,  v iz . ,  that  a chemica l ly  pure  h i g h - t e m p e r a t u r e  gas s t r e a m  is obtained. The resu l t s  of the 
p r e s e n t  w o r k  w a r e  obtained in the op t imum gasdynamic  r e g i m e  of the d i scharge .  The region of the d i scharge  
is f i l led  with hot gas ,  the d i scha rge  is ea sed  away f r o m  the wal l ,  and the p r o c e s s  is  s table  and continues for  an 
unl imited t ime.  The p r inc ipa l  p a r a m e t e r s  of the flow a r e :  the heated gas is a i r ,  flow veloc i ty  V ~ 30 m ,  
sec  -1, je t  d i a m e t e r  D ~ 0.04 m ,  P = 1 kg" cm -2. 

To solve the p r o b l e m  of in te rac t ion  between hot gas and the m a t e r i a l ,  it is indispensable  to know the 
p a r a m e t e r s  of the incoming h i g h - t e m p e r a t u r e  flow. All the m e a s u r e m e n t s  in the p l a s m a  were  c a r r i e d  out in 
a c ro s s  sec t ion  of the j e t  at  a d is tance of ~0.01 m f r o m  the edge of the pipe. 

The s ta t ionary  method was  used fo r  m e a s u r i n g  the heat  flux to the intact  c a l o r i m e t r i c  s enso r  and the 
flux dis t r ibut ion along the axis  and the radius  of the jet .  Using s e n s o r s  with d i f ferent  r e f l ec tance  of the s u r -  
face enabled us to divide the total  heat  flux q ~ 0.4 kW" cm -2 into a convective (~ 0.3 kW. em -2) and a r a d i a -  
t ional  component  (~ 0.1 kW- cm-2). The given configurat ion is c h a r a c t e r i z e d  by a cons iderable  rad iant  co mp o -  
nent of the total  heat  flux. This  has to do with the la rge  emi t t ing  volume,  where  in the core  of the d i scharge  
there  a r e  regions  with T ~ 10-12 �9 103~ F r o m  the emi s s ion  spec t r a  of the a i r  p l a s m a ,  the t e m p e r a t u r e  and 
the spec t r a l  absorpt ion  coeff icient  were  de te rmined .  Georg  and Yakushin [3] concluded on the bas is  of the 
coincidence of the m e a s u r e d  v ib ra t iona l ,  ro ta t iona l ,  and e lec t ron  t e m p e r a t u r e s  N 2 (2+) and N+(1-) and the e x -  
ci tat ion t e m p e r a t u r e  of N and G a toms  that  in the working c ro s s  sect ion of the p l a sma  je t  there  is t h e r m a l  
equi l ibr ium with a t e m p e r a t u r e  of T = 8500~ and e lec t ron  concentra t ion N e ~ 3 " 1015 cm -3. 

The t e m p e r a t u r e  d is t r ibut ion along the radius  indicates  that  nea r  the axis  there  ex is t s  a region of con-  
stant  t e m p e r a t u r e  whose s ize  is d ~ 0.02 m. The absorp t ion  coefficient  of the p l a sma  was calculated for  an 
opt ical ly thin l aye r  for  the in te rva l  0.3-0.9 ~m on the bas i s  of the m e a s u r e d  radia t ion intensi ty and t e m p e r a -  
ture .  The spec t r a l  absorp t ion  coeff icient  of p l a sma  changes within the l imi t s  10-2-10 TM rel .  units; the princi~ 
pal contr ibution to absorp t ion  is provided by the mo lecu l a r  s y s t e m s  Na +, NO, N2 and the a toms  N and O 
{Fig. 1, curve  2). The expe r imen ta l  va lues  of the spec t r a l  absorp t ion  coefficient  we re  compared  with the ca l -  
culated values  obtained for  an opt ical ly  thin l aye r  of a i r  p l a sma  in equi l ibr ium;  the re  is good a g r e e m e n t  [3]. 
Thus the t h e r m a l  ef fec t  of a p l a s m a  je t  co r r e sponds  to convect ive and radia t ive  heat ing  model ing the sp ec t r a l  
composi t ion  of the e m i s s i o n  of a shock l aye r .  

Models  of hea tproof  m a t e r i a l  0.08 m long had the shape of a plate 0.03 m thick with a cyl indr ica l  top 
with 0.015 m radius .  The models  w e r e  mounted on a t r a v e r s i n g  gea r  which was moved  into the working s e c -  
t ion of the jet .  The model  was  p ro jec ted  on a spec t rog raph  sl i t  in such a way that  the emi s s ion  of the 
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Fig. 1. Dis t r ibut ion  of the spec t r a l  extinct ion coeff i -  
cient  of the des t ruc t ion  products  (1) and of the a b s o r p -  
t ion coeff ic ient  of p l a s m a  (2), KTk , r e l .  uni ts  of wave-  
length k, ~m. 

d i s in tegra t ing  model  s u r f a c e ,  of the boundary l a y e r ,  and of the p l a sma  was s imul taneous ly  r eco rded  [2]; 
while the radia t ion  intensi ty  of the p l a s m a  was being m e a s u r e d ,  the model  was  removed .  The spec t r a  of 
the vapo r  e m i s s i o n  and the p l a s m a  w e r e  photographed by a d i f f rac t ion spec t rog raph  DFS-13 with a d i s p e r -  
sion of 2 A" m m  -1 in the range  0.2-0.9 ~*m. The spec t r a  showed fa i r ly  dis t inct  boundar ies  of the model  s u r -  
f a c e - v a p o r - p l a s m a  and ve ry  intensive e m i s s i o n  of the vapor  exceeding the e m i s s i o n  of the p la sma .  

The boundary l aye r  was  divided into s e v e r a l  c r o s s  sec t ions  f r o m  the su r face  of the model  to the p l a s m a ,  
pe rpend icu la r ly  to the line of obse rva t ion  whose or ienta t ion  is pa ra l l e l  to the gene ra t r ix  of the cyl indrical  top 
of the model  in i ts  plane of s y m m e t r y ,  in s teps  of 5" 10 -4 m.  In each c r o s s  sect ion photometer ing  was c a r -  

r i e d  out a c r o s s  the s p e c t r a l  line. Th i s  made it poss ib le  to plot  the t e m p e r a t u r e  dis t r ibut ion a c r o s s  the 
boundary layer .  Ana lys i s  of the obtained s pec t r a  enabled us to se l ec t  the rad ica l  CN as the p y r o m e t r i c  
molecule .  By the intensi ty  d is t r ibut ion in the ro ta t ional  and v ibra t iona l  s t r u c t u r e s  of the CN bands,  the c o r -  
responding  rota t ional  and v ibra t iona l  t e m p e r a t u r e s  we re  m e a s u r e d .  The coincidence of these  t e m p e r a t u r e s  
within the l i m i t s  of a ccu racy  of the e x p e r i m e n t  made  it poss ib le  to a s c r i be  to the boundary l aye r  the gas t e m -  
p e t e  obtained prof i le .  The t e m p e r a t u r e  of the su r face  of the d is in tegra t ing  m a t e r i a l  was  d e t e r -  
mined by the b r igh tness  method and with the aid of a s tandard  p y r o m e t e r  EOP-66.  In both cases  the m e a -  
su red  t e m p e r a t u r e  was  T w ~ 2800~ The obtained t e m p e r a t u r e  prof i le  was used for  de te rmin ing  the c o m -  
posi t ion of the mul t icomponent  mix tu re  f r o m  the m e a s u r e d  absolute  intensi ty of the e m i s s i o n  of the l ines.  
P y r o m e t r i c  l ines  we re  se lec ted  which w e r e  f r ee  of i n t e r f e rence  by adjacent  l ines and reabsorp t ion .  

The e l ec t ron  concentra t ion  was  de t e rmined  f r o m  the broadening of the a tom lines due to Stark '  s qua-  
d ra t i c  ef fec t  [4]. Ana lys i s  of the concent ra t ion  dis t r ibut ion of the des t ruc t ion  products  sheds tight on the s t r u c -  
tu re  of the concent ra t ional  boundary l aye r .  The des t ruc t ion  products  concentra te  in a l ayer  nea r  the wall  that 
is r e la t ive ly  un i fo rm in t e m p e r a t u r e ,  and next to this l aye r  is the mixing zone which changes into a gas l aye r  
with components  of the incoming flow. The t e m p e r a t u r e  and concentra t ion  prof i les  indicate that the boundary 
l aye r  is shif ted,  which is c h a r a c t e r i s t i c  in c a s e s  of s t rong  injection. The re  is p rac t i ca l ly  no heat  t r a n s f e r  
by convection.  The mul t i component  h i g h - t e m p e r a t u r e  boundary l aye r  containing des t ruc t ion  products  in the 
gas phase  and finely d i s p e r s e  pa r t i c l e s  is a s c a t t e r i n g  and absorb ing  med ium,  and it is t he re fo re  natura l  to 
c h a r a c t e r i z e  it  by a phys ica l  p a r a m e t e r ,  v iz . ,  the extinct ion coeff icient  Kk which depends on the t e m p e r a -  
t u re ,  p r e s s u r e ,  composi t ion ,  and wavelength.  

F o r  a mix tu re  with constant  composi t ion ,  t e m p e r a t u r e ,  and p r e s s u r e ,  being in a s ta te  of equ i l ib r ium,  
the extinct ion coeff icient  i s  de t e rmined  f r o m  the t r a n s f o r m e d  equation of t r a n s f e r  by the fo rmula  K~ = (1//) x 
In (1 - Ih /Bh) ,  where  Ih, Bk a r e ,  r e s pec t i ve l y ,  the m e a s u r e d  intensi ty and radiat ion intensi ty of a b lack  body; 
l is the length of the emi t t ing  layer .  The extinct ion coeff icient  was de te rmined  in the boundary  l a y e r ,  at a 
d is tance  ~1 �9 10 -3 m f r o m  the model  wal l ,  where  the following conditions obtain: T ~ 3700~ P = 1 kg.  cm -2, 
l ~ 0.05 m.  

To de t e rmine  the ext inct ion coeff ic ient ,  the spec t r a l  intensi ty of the vapo r  e m i s s i o n  in the r ange  0.3-0.9 
~*m was m e a s u r e d .  The intensi ty of the e m i s s i o n  and consequently a lso  the extinct ion were  ave raged  ove r  a 
s p e c t r a l  in te rva l  of 12 ~ .  I t  fol lows f r o m  a c o m p a r i s o n  of the nature  of the e m i s s i o n  of the vapor  and of the 
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p l a sma  of the incoming flow that  the e m i s s i o n  s p e c t r u m  of the vapor  has  a m o r e  complex  s t ruc tu re  with d i s -  
t inct  s e l ec t iveness  and cons iderable  intensi ty of the e m i s s i o n  exceeding the emi s s ion  of the a i r  p l a sma .  The 
m o s t  intensive e m i t t e r s  in the boundary l aye r  a r e  e l emen t s  const i tut ing a subs tant ia l  p a r t  of the initial  m a -  
te r ia l .  However ,  the p r inc ipa l  components ,  v iz . ,  ca rbon  and oxygen,  a re  in a bound s ta te  and the re fo re  a r e  
not among  the impor tan t  e m i t t e r s .  

In the range 0.6-0.7 ~m the cu rve  of s p e c t r a l  intensi ty  of the vapo r  emi s s ion  r i ses ;  this is poss ib ly  con- 
nected with the p r e s s u r e  of incandescent  subl imat ing pa r t i c l e s  s m a l l e r  than 20 ~m in s ize (the e x t r e m e  r e s o l u -  
t ion of the object ive)  in the l aye r  next to the wal l ,  in the vicini ty of the c r i t i ca l  line. Expe r imen t s  with r e -  
cording of pa r t i c l e s  we re  c a r r i e d  out with the aid of f i lming  and with spher ica l  models  which di f fered  in the i r  
geomet ry  f r o m  the models  for  s p e c t r a l  m e a s u r e m e n t s .  It  was d i scove red  that  pa r t i c l e s  l a r g e r  than 20 ~m 
a re  blown f r o m  the su r face  of the model  into the boundary l aye r  in regions  of the junction of geomet r i c  shapes  
where  the veloci ty  gradient  is la rge .  

F igure  1 shows the s pec t r a l  dis t r ibut ion of the extinct ion coeff icient  of vapor  (curve 1). The accu racy  
of m e a s u r i n g  Kk ~ 3070. The f igure  a lso  p r e s e n t s  the dis t r ibut ion of the absorp t ion  coeff icient  of undis tor ted 
a i r  p l a sma  at  T = 8500~ Both coeff ic ients  a re  denoted K~ and a re  given in re la t ive  units.  

The inc rease  in the extinction coeff icient  in the u l t rav io le t  region is connected with the inc rease  in opt i -  
cal density of the des t ruc t ion  products  cons is t ing  of compounds of CN, having a la rge  absorp t ion  c ross  sect ion 
(~ ~ 10 -17 cm 2) and cons iderable  concentrat ion.  A cer ta in  contr ibution to the extinct ion coeff icient  is provided 
by the t r ans i t ions  f r o m  the p r inc ipa l  leve ls  of the Mg and Al a toms .  In this s p e c t r a l  region,  l ines with high 
exci ta t ion ene rgy  may affect  the em i s s i on  intensi ty ,  and consequently a lso  K~,. I t  can be seen  f r o m  the graph 
that  the components  of a i r  contr ibute l i t t le to the extinction coeff icient  of the vapors .  The inc rease  of the 
extinct ion coeff icient  in the continuous s p e c t r u m  with dec rea s ing  wavelength is poss ib ly  connected with ef fec ts  
of s ca t t e r ing  on the finely d i s pe r s e  pa r t i c l e s  s m a l l e r  than 20 ~m. A ce r ta in  e r r o r  in the extinct ion coefficient  
in this region is int roduced by the edge effect,  wh ich  d i s to r t s  the homogenei ty  of the l aye r  along the beam of 
obse rva t ion ,  because  in this s pec t r a l  in te rva l  in p a r t i c u l a r ,  l ines with cons iderable  exci ta t ion potential  a re  
being exci ted.  A compar i son  of the extinct ion coefficient  of the vapo r s  (Fig. 1, curve 1) with the absorpt ion  
by the p l a sma  (curve 2) leads  to the conclusion that  in the en t i re  spec t r a l  in terval  the l aye r  of des t ruc t ion  
products  is 2-4  o r d e r s  of magnitude opt ical ly  th icker  than the l aye r  of a i r  p l a s m a ,  r e g a r d l e s s  of its s m a l l e r  
g e o m e t r i c  th ickness ;  this is connected with the higher  values  of concentra t ions  and absorp t ion  c ross  sect ions  
of the e m i t t e r s .  T h e r e f o r e ,  when the total  flux to the body is calcula ted,  the e m i s s i o n  by the des t ruc t ion  
products  of the boundary l aye r  has  to be taken into account.  
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N O T A T I O N  

t e m p e r a t u r e ;  
pre  s su re ;  
flow veloci ty;  
je t  d i a m e t e r ;  
total  heat  flux; 
e l ec t ron  concentra t ion;  
wavelength;  
absorp t ion  coeff icient ;  
spec t r a l  intensi ty of radia t ion;  
spec t r a l  intensi ty of b l ack-body  radiation; 
length of the emi t t ing  l aye r ;  
absorp t ion  c ross  sect ion;  
s ize of the c o n s t a n t - t e m p e r a t u r e  region;  
t e m p e r a t u r e  of the d i s in tegra t ing  sur face .  
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