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An experimental  study has been made of the effect of the decomposition products  of a mater ia l ,  blown 
into the boundary layer,  on the electron concentration in a h igh- temperature  s t r eam of air. Investigations 
of the electron density are  important  for an understanding of the mechanism of the interaction between a 
h igh- tempera ture  s t ream of air  and a mater ia l  and find application in applied problems [1]. 

1. An experimental  dependence for the distribution of the electron density over the thickness of the 
boundary layer  was obtained on the basis of measurement  of the halfwidth of the spectral  lines of neutral 
magnesium. A method proposed in [2] was used to determine the electron concentration. The small ex-  
citation potential of the spectral  lines of magnesium makes it possible to measure  the electron concent ra-  
tion in regions with a ra ther  low temperature .  The absence of magnesium in the oncoming flow permi ts  
obtaining undistorted profi les of the lines direct ly f rom the boundary layer.  A study was made of the con- 
tours  of the magnesium ser ies  Mg 1 4703 /k and Mg i 4351 A, corresponding to the t ransi t ions 5'D2--~3'P 1 
and 6 ' D 2 - - 3 ' P  1. Approximate calculations, ca r r i ed  out using the data of [3], show that the broadening of 
the above lines is due mainly to the quadratic Stark effect. The contribution of other mechanisms to the 
broadening does not exceed 10% and is not taken into account in what follows. 

A jet unit was used to set  up a flow of h igh- tempera ture  air ;  as a gas heater  (at a p r e s su re  of 1 arm) 
the unit used an inductive high-frequency discharge [4]. As a result ,  in the working pa r t  of the flow there  
was set  up a s teady-sta te  p lasma jet, whose flow velocity (in an upward direction) was 30 m/ sec .  The di- 
ameter  of the jet was equal to 37 ram, while the tempera ture  of the p lasma attained 8500~ and var ied in a 
radial direction by not more  than 150-200~ The electron concentration was 3 • 1015 cm -3, and the thick- 
ness  of the radiating layer  was ~ 200 ram. The heat flux, measured  with a ca lor imeter  f rom a polished 
aluminum surface with a m i r r o r  finish, was 0.3 kW/cm 2. The water ca lor imeter  was of cylindrical  form 
with a flat end. The measurements  were made to the end surface using a standard method. 

Figure  1 shows a schematic  diagram of the jet- type h igh- tempera ture  unit 1 and the optical sys tem 
in two projections,  used to observe the boundary layer 2 at the decomposing model 3. The model was a 
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Fig.  2 

f iat  p la te  with a width of 3 cm and a length of 3.5 cm, having a cy l ind r i ca l  
head pa r t .  The r ad ius  of the head p a r t  was 1.5 ore. The chosen flat  fo rm 
of a model with a cylindrical head part made it possible to obtain a one- 
dimensional boundary layer in the cross section under investigation; this 
avoids laborious computations using the Abel inversion method. The model 
was mounted in a special water-cooled holder 4 and was introduced into 
the working part of the flow using a two-component positioner for a time 
equal to 0.i see. 

Fig. 3 
The optical system, with a magnification equal tounity, eonsisted of a 

standard objective 5, and a DFS-13 diffraction spectrograph 6, in whose re- 
ceiving section there was mountedthetapewinder 7 from a Rodina moving-picture camera. The radiation, 
leaving a spectroscope with a resolution of 2 A/ram in the first order of magnitude, was recorded on KN-4 
film. The optical system was adjusted to the axis of symmetry of the model. On the slit 8 of the spectro- 
graph, a projection of which is shown in Fig. I, there were projected the images of the decomposing sur- 
face of the model, the boundary layer, and the oncoming flow. The linear entrainment of material and the 
forms of the sample and the boundary layer at the time of the experiment were monitored by a KSK-I 
moving-picture camera, using colored glasses KS-14 and NS-8, and an infrared moving-picture film with 
a maximal sensitivity in the range of 0.75 ~. The frequency of the photography was I frame/see, which 
made it possible to record the process in time. The exposure time was 0.5 sec. Figure 2 shows samples 
of the decomposing model and of the boundary layer in two projections. 

An experimental check, made to determine the instrument effect, showed that its value does not ex- 
ceed AX-<0.007 4. 

The intensity of the radiation of the whole optical system and its recording part was calibrated using 
a standard SI8-200 lamp. The thickness of the boundary layer was ~ 5 mm at the critical line of the model 
where the measurements were made. Figure 3 shows a typical sample of a spectrogram. Here the spec- 
trum is well resolved over the thickness 1 of the boundary layer, and the boundary 2 of the surface of 
the model can be clearly seen. 

Analysis of the spectrograms in an IFO-451 recording mierophotemeter was done by scanning of the 
spectrum with respect to the slit for different cross sections of the boundary layer. The optical system 
of the IFO-451 instrument ensured projection of the spectrum on the slit of the instrument with a 20-fold 
magnification. This permitted obtaining a spatial distribution of not less than 0.5 ram, which constitutes 
0.i of the thickness of a characteristic boundary layer. 

2. To verify the absence of self-absorption at the lines under consideration, a series of tests was 
also made in which the longitudinal dimension of the model was varied by two times more than the change 
in the thickness of the radiating boundary layer. These tests showed that there was no self-absorption at 
the lines under investigation. 

In addition, the optical system described above was used to carry out a series of experimental in- 
vestigations to determine the space and time homogeneity of the electron density of an unperturbed flow in 
the working section. The measurements were made from the broadening of the Hc~ and H E lines. The ex- 
periments established a sufficient degree of homogeneity in the distribution of the electron density" along 
the flow. 

Af te r  a t es t ,  t h ree  zones were  obse rved  in a sample :  a coked zone, a p y r o l y s i s  zone, and a zone of 
the s t a r t ing  m a t e r i a l .  The shif t  of the su r face  of the p y r o l y s i s  zone was de t e r m i ne d  by cutting the sample  
in half  into p lanes  of s y m m e t r y ,  and by m e a s u r i n g  the total  th ickness  of the coked and p y r o l y s i s  zones 
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using an instrumental microscope. We shall a rb i t ra r i ly  call this zone the decomposition zone. To obtain 
the t ime dependences,  a s e r i e s  of expe r imen t s  was made with different  durations.  

F igure  4 shows the l inear  en t ra inment  of ma t e r i a l  1, the t e m p e r a t u r e  of the sur face  2, and the shift  
of the internal  decomposi t ion boundary 3, as functions of t ime.  These  p a r a m e t e r s  cha rac t e r i ze  the p r o -  
cess  of decomposi t ion for typical  exper imenta l  conditions. After  a ce r ta in  t rans i t iona l  per iod,  the r a t e  of 
l inear  ent ra inment ,  the ra te  of shift  of the in ternal  decomposi t ion boundary, and the t e m p e r a t u r e  of the 
sur face  attain s t eady-s ta te  values .  The r a t e s  of shift  of the external  sur face  of the m a t e r i a l  and of the in-  
t e rna l  decomposi t ion sur face  a r e  constant  but not equal to each other;  the re fore ,  decomposi t ion may  be 
r e g a r d e d  as a quas i - s t e ady - s t a t e  p roce s s .  We note that the lower l imi t  of q u a s i - s t e a d y - s t a t e  conditions 
is  de te rmined  by the t ime requ i red  for  the t e m p e r a t u r e  of the sur face  to r each  s t eady-s t a t e  conditions. 
Exper imen t s  with a longer duration than those p resen ted  he re  differ  by the p r e sence  of a second se t  of 
q u a s i - s t e a d y - s t a t e  decomposi t ion conditions. The ma te r i a l  is  comple te ly  coked and the decomposi t ion 
co r r e sponds  to that of a model made of coke. These  conditions were  not invest igated.  

The e lec t ron  concentrat ion was de te rmined  using a well known fo rmula  [5] connecting the halfbreadth 
of the line, the elecWon density,  and the t empera tu re :  

A~,I= = [I ~- t.75- tO-4"n~ 'I~ oz ( I  - -  O.068neV~T-'/=)] wnetO -16 

Here  w is the shock e lec t ronic  halfbreadth,  calculated in [3] for  an e lec t ron  density of 1016 cm-3; c~ 
is  the p a r a m e t e r  of the ionic broadening; n e is the e lec t ron density; T is  the t empe ra tu r e .  This  fo rmula  
is  val id  for  ~ < 0.5 • 104he -1/4, and sa t i s f i e s  the exper imenta l  conditions. Exper imen t s  show [6, 5] that  
the accuracy  of calculat ions using this fo rmula  is 25-30%. Substituting the m e a s u r e d  hai rbreadths  of the 
l ines into the fo rmula  and using t e m p e r a t u r e  dependence 4 (Fig. 5), p roposed  in [7], we obtain the r e su l t s  
given in Fig. 4 and 5. 

F igure  5 i l lu s t r a t e s  the change in the e lec t ron  concentrat ion over  the th ickness  of the boundary layer  
for  different  mo m en t s  of t ime.  Curves  1, 2, and 3 r e l a t e  to 5, 30, and 55 see,  respec t ive ly .  The re  is a 
cons iderable  r i s e  in the e lec t ron  density in the l aye r s  at the sur face  of the model .  This  can be explained 
by the p r e sence  of eas i ly  ionizable components  in the decomposi t ion products  of the ma te r i a l .  At the ex-  
te rna i  boundary of the boundary l aye r ,  the e lec t ron  density coincides with the e lec t ron  density in an unper -  
turbed flow. 

The t ime dependence of the e lec t ron  densi ty 4 in Fig. 4 co r r e sponds  to the coordinate  1 m m  (Fig. 
5). The sharp  r i s e  in the e lec t ron  density at the s t a r t  of the p r o c e s s  (up to 25 sec) coincides with the r e -  
laxation per iod  for the p a r a m e t e r s  which cha rac t e r i ze  the p r o c e s s  of decomposi t ion of the m a t e r i a l  (the 
t e m p e r a t u r e  of the sur face ,  the l inear  ent ra inment ,  the depth of the coked layer) .  The t ime  requ i red  for 
these  p a r a m e t e r s  to r each  quas i - s t e ady - s t a t e  conditions coincides with the t ime requ i red  for the e lec t ron  
density to r each  q u a s i - s t e a d y - s t a t e  conditions. The change in the e lec t ron  density in this in terva i  of t ime 
is insignificant~ 

3. Thus,  i t  has been es tab l i shed  exper imenta l ly  that, in the boundary l ayer  at the su r face  of a de-  
composing model  made f rom an asbes tos  plas t ic ,  in a h igh- tempera ture  flow of a i r  (at a p r e s s u r e  of 1 arm) 
the e lec t ron  density r eaches  1.2 x 1016 cm -3, which is  four t imes  g r e a t e r  than the e lec t ron  density at  the 
outer  l imi t  of the boundary layer .  

The change in the e lec t ron  density in the boundary layer  as a function of t ime  is  in quali tat ive a g r e e -  
ment  with the change in the p a r a m e t e r s  which c h a r a c t e r i z e  the p r o c e s s  of decomposi t ion of th~ ma te r i a l .  
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I t  m u s t  be noted that  the low value of the e lec t ron  density in l aye r s  adjacent  to the sur face  of the m a -  
t e r ia l  may,  in pr inc ip le ,  exe r t  a cons iderable  ef fec t  on heat  and m a s s  t r ans fe r ;  this demands a specia l  in-  
vest igat ion.  

The r e s u l t s  obtained a r e  in quali tat ive a g r e e m e n t  with the calculat ions p re sen ted  in [1], although the 
sharp  drop in the e lec t ron  density d i rec t ly  at  the boundary of the model  which is  pred ic ted  in this a r t ic le  
was not obse rved  in the above exper iments .  This  is  explained by the fact  that,  in the expe r imen t s ,  the t e m -  
pe r a tu r e  of the sur face  of the model  was cons iderably  higher than the sur face  t e m p e r a t u r e  a s sumed  in the 
above a r t i c le .  

The  authors  thank Yu. K. Rulev for  his par t i c ipa t ion  in conducting the exper iment .  
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