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P rob l em s  of a t h e r m a l  inves t iga t ion  of a flying vehicle  (FV) during i ts  development  and the 
domains  of appl icat ion of i nve r se  p rob l ems  of heat  conduction during FV des ign  and tes t ing  
a r e  cons idered .  

G e n e r a l  F o r m u l a t i o n  a n d  S o m e  T h e r m a l  

D e s i g n  P r o b l e m s  

A mode rn  flying vehicle  (FV) functions under  complex  t h e r m a l  conditions c h a r a c t e r i z e d  by both ex-  
t e r n a l  and in te rna l  heat s o u r c e s .  The a p p e a r a n c e  of the FV, i ts  fundamental  c h a r a c t e r i s t i c s ,  and the 
p a r a m e t e r s  of the hea t - sh ie ld ing  s y s t e m  used can be de te rmined  by these  conditions to a s ignif icant  ex-  
tent .  Hence,  a g rea t  deal  of a t tent ion is paid to quest ions of the t h e r m a l  des ign of the vehic les .  Let us 
l is t  some  p rob l ems  of invest igat ing the hea t -  and m a s s - t r a n s f e r  p r o c e s s e s  in FV des ign  and checkout:  1) 
the des ign  of hea t -sh ie ld ing  and regula t ing s y s t e m s ;  2) heat exchange in fuel tanks with c ryogenic  compo-  
nents and the se lec t ion  of t he rmos t a t i ng  s y s t e m s ;  3) s imula t ion  of the opera t ion  of hea t -sh ie ld ing  coatings 
(HSC) and of the t h e r m a l  mode of s t r u c t u r e  operat ion.  

The t h e r m a l  mode of flying vehic les  exe r t s  g rea t  influence on the se lec t ion  of the des ign  p a r a m e t e r s  
of fuel c o m p a r t m e n t s .  This  influence becomes  mos t  significant  when cryogenic  fluids a r e  used as fuels .  

An inves t igat ion of the hea t -  and m a s s - t r a n s f e r  p r o c e s s e s  or iginat ing in a c ryogenic  fuel is based  
on the numer i ca l  solution of the mot ion equations of a non i so thermaI  v iscous  fluid in the Bouss inesq  ap-  
p rox imat ion .  

In our opinion, such an approach  is mos t  expedient,  s ince it p e r m i t s  exposi t ion and es t ima t ion  of 
the most  e s sen t i a l  p r o c e s s e s  and m e c h a n i s m s  of heat  and m a s s  t r a n s f e r  without significant  technical  and 
economic  diff icult ies  which a r e  c h a r a c t e r i s t i c  for  fu l l - sca le  t e s t s  and s imula t ion  under g round-based  
c onditi ons.  

The main  a t tent ion is paid in a numer i ca l  invest igat ion to the s t r u c t u r e  of nonsta t ionary f ree ly  con-  
vec t ive  fluid motion, t e m p e r a t u r e  s t r a t i f i ca t ion  of the fluid, and the p a r a m e t e r s  governing the evapora t ion  
p r o c e s s ,  the m a s s  r a t e  of evaporat ion,  and the r a t e  of evapora t ion .  

The s imi l a r i t y  c r i t e r i a  were  se lec ted  in a fo rm which p e r m i t s  ea sy  es t imat ion  of the design p a r a m -  
e t e r s  of the fuel c o m p a r t m e n t s .  

In a number  of ca ses ,  one of the p r inc ipa l  p rob l ems  in FV des ign  is the re l i ab le  p ro tec t ion  of the 
in te rna l  c o m p a r t m e n t s  of the vehicle  f r o m  heat loads originat ing because  of in tensive a e r o d y n a m i c  hea t -  
ing. The main  purpose  of the des ign  ana lyses  is to se lec t  a logical  heat  shield,  its const ruct ion,  m a t e -  
r i a l s ,  and the coating th icknesses  needed at var ious  points of the su r face  being shielded.  In a r igorous  
formula t ion ,  an inves t igat ion of the t h e r m a l  modes  should be based  on ana lyses  including the combined 
solut ion of the hea t -  and m a s s - t r a n s f e r  p r o c e s s e s  in a g a s - s o l i d  s y s t e m  taking into account  the effects  
of rup tu re  of the hea t - sh ie ld  m a t e r i a l  and inject ion of the rup tu re  products  into the boundary layer .  
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It should be  noted that  at p r e sen t  t he r e  is a s tandard  quas i s t a t iona ry  fo rmula t ion  of this  p rob l em.  
However ,  under  ac tual  condit ions,  the FV is under  an  essen t ia l ly  nons ta t ionary  t h e r m a l  effect .  The 
"adjoint"  p r o b l e m  of heat  and m a s s  t r a n s f e r ,  which includes the s y s t e m  of nonsta t ionary  gas  boundary-  
l aye r  equat ions,  an equation desc r ib ing  m a t e r i a l  rup tu re ,  and the hea t -conduct ion  equat ion for  the HSC, 
mus t  be  solved to  ana lyze  the effect  of nonsta t ionar i ty  on the  ma in  HSC des ign  p a r a m e t e r s .  In a gene ra l  
fo rmula t ion  such a p r o b l e m  is quite complex  and its  solut ion is fraught  with subs tant ia l  diff icul t ies  a s -  
soc ia ted  with the l imited poss ib i l i t i es  of m o d e r n  e lec t ron ic  c o m p u t e r s .  

P o s s i b l e  R a n g e s  o f  A p p l i c a t i o n  o f  I n v e r s e  P r o b l e m s  

o f  H e a t  C o n d u c t i o n  

Inve r se  p r o b l e m s  of heat  conduction consis t  in seeking causes  (heat loads,  rad ian t  and convect ive 
hea t -exchange  coeff ic ients ,  t h e r m o p h y s i c a l  c h a r a c t e r i s t i c s ,  etc.)  accord ing  to  a known consequenee ( tem- 
p e r a t u r e s  at  s o m e  points of the mock-up ,  model ,  or  spec imen  being invest igated) .  In pr inc ip le ,  two ca se s  
of t he i r  appl ica t ion  dur ing FV des ign  a r e  poss ib le .  The f i r s t  is the pr inc ip le  of t h e r m a l  des ign  and con-  
s i s t s  of de te rmin ing  the  c h a r a c t e r i s t i c s  of the object  being invest igated,  the p a r a m e t e r s  of i ts  heat  shield,  
e tc . ,  taking aecount  of poss ib le  t h e r m a l  e f fec t s .  Fo r  example ,  the p rob lem of se lec t ing the number  of 
l a y e r s  in the coating s t r u c t u r e  and of the d is t r ibut ion  of m a t e r i a l s  with the p rope r t i e s  needed over  it, by 
means  of e s t i m a t e s  of the change in the ex te rna l  heat  loads and by known ma themat i ca l  models  of FV in-  
t e r a c t i o n w i t h  the surrounding medium,  is posed.  Such an ana lys i s  is based  on examinat ion  of the weight 
and volume c h a r a c t e r i s t i c s ,  the cost  of the aggrega tes  and s y s t e m s ,  the r e q u i r e m e n t s  of FV operat ional  
re l i ab i l i ty  and eff ic iency,  e tc .  Some des ign  c r i t e r i a  governing  the p rob l em posed in developing an FV and 
i ts  e l ements  a r e  hence usual ly  introduced into the cons idera t ion .  

Such complex  des ign  p r o b l e m s  taking aecount  of the t h e r m a l  modes  include the solut ion of var ious  
i n v e r s e  p r o b l e m s ,  pa r t i cu l a r ly ,  i nve r s e  p rob l ems  of heat  conduction. The  ma in  s ingular i ty  of these  p r o b -  
l ems  is ,  as  a ru le ,  that  t he i r  formula t ions  admi t  of a se t  of solutions and s o m e  solut ion is finally se lec ted  
accord ing  to  some  addit ional  condit ions.  

The  second case  is typ ica l  fo r  expe r imen ta l  s tudies  of mock-ups  and models ,  and the  tes t ing  of FV 
aggrega tes  and s y s t e m s :  The following t h r ee  kinds of i nve r se  heat -conduct ion  p rob l ems  (IHCP) can he re  
be  isola ted:  boundary  IHCP, coefficient  IHCP, and p r o b l e m s  with i nve r se  t ime .  All these  p rob l ems  a r e  
i n c o r r e c t  in the c l a s s i ca l  (Hadamard) sense :  t he re  is no continuous dependence of the r e su l t s  on the input 
data. 

The main  domains  of appl ica t ion  of the i n v e r s e  p rob l ems  of heat  conduction in ca r ry ing  out the t h e r -  
mal  des ign  of an  FV a r e :  

1. De te rmina t ion  of the boundary  t h e r m a l  mode,  i . e . ,  r e c o v e r y  of the heat  fluxes and body su r face  
t e m p e r a t u r e s  (the ex te rna l  t h e r m a l  conditions of the surrounding med ium can then  be de te rmined  by means  
of these  quanti t ies) .  The case  of nonsta t ionary  c a l o r i m e t r y  by using spec ia l  heat  s e n s o r s  is  typica l  h e r e .  
Since the rmocoup les  or  r e s i s t a n c e  t h e r m o m e t e r s  a r e  not often s u c c e s s f u l  or  for  a whole s e r i e s  of r e a -  
sons it is  not expedient  to mount a s ens o r  on the wall  being heated,  then  the i nve r se  p rob l em must  be 
solved to  obtain the boundary  heat  flux. The p r o b l e m  of cons t ruc t ing  such s e n s o r s  is c losely  a s soc ia t ed  
with the method used to  solve the i n v e r s e  p r o b l e m  and its  a s sumed  applicat ion.  Ca lo r ime t r i c  s enso r s  a r e  
used  extens ively  in s imula t ing  the t h e r m a l  modes on gasdynamic  and rad ia t ion  tes t  s tands,  in tes t ing  
liquid and solid propel lant  engines,  e tc .  

2. In an expe r imen ta l  s tudy of the rup tu re  and en t ra inment  of the hea t - sh ie ld  m a t e r i a l s ,  and an in-  
ves t iga t ion  of t he i r  opera t ional  eff iciency,  the de te rmina t ion  of the heat  flux abso rbed  by the body by con-  
duct ion is  of i n t e r e s t .  The  change in this  heat  flux during t h e  exper iment  can be  de te rmined  by using an 
i n v e r s e  p rob l em whose ini t ial  data witl  be the t e m p e r a t u r e s  m e a s u r e d  at  inner  points of the spec ime n  
under  invest igat ion.  Such a formula t ion  of the exper iment  is  needed in studying nonsta t ionary heat  p r o c -  
e s s e s  of hea t - sh ie ld ing  m a t e r i a l s  and hea t - sh ie ld  coat ings.  However ,  the solut ion of this p r o b l e m  is 
compl ica ted  substant ia l ly  by the effects  of m a s s  en t ra inment  f r o m  the su r f ace  and bulk of the body, by 
t h e r m a l  decomposi t ion  of the m a t e r i a l  and other phenomena f r o m  which ablat ion of the hea t - sh ie ld  m a t e -  
r i a l  is compr i s ed .  

3. I nve r se  heat -conduct ion  p rob l ems  a r e  used in studying combust ion  and h e a t - t r a n s m i s s i o n  p r o c -  
e s s e s  in sol id-fuel  rocke t  m o t o r s ,  for  ins tance ,  in an exper imen ta l  checkout of the igni ter ,  in the i n v es -  
t iga t ion  of t r a n s i e n t s ,  pa r t i cu la r ly  during s t a r t -up ,  and regu la t ion  and def lect ion of the mo to r s .  
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4. Inve r se  hea t -conduct ion  p rob l em s  can be used effect ively for an expe r imen ta l  de te rmina t ion  of 
the t h e r m a l - c o n t a c t  r e s i s t o r s  and the f i lm r e s i s t o r s  in a mul t i l aye red  heat  shield,  for  ins tance .  

5. The p rob l em  quite often occurs  of reproduc ing  the t e m p e r a t u r e  fields cor responding  to  the con- 
t inuat ion of the solut ion of the hea t -conduct ion  equation f r o m  a s m a l l e r  to a l a r g e r  domain  (also the in-  
v e r s e  hea t -conduct ion  prob lem) .  Closely  connected with such a p rob l em is the p rob l em of the t h e r m a l  
s t reng th  of va r ious  hea t - sh ie ld  m a t e r i a l s  when the t e m p e r a t u r e  grad ien ts  must  be s imula ted  during the 
exper imen t  and the t e m p e r a t u r e  field must  be de t e rmined .  At the s a m e  t ime ,  the initial  informabi l i ty  
of such invest igat ions  is difficult to r a i s e  and often r educes  to  just indi rec t  t e m p e r a t u r e  m e a s u r e m e n t s  
at a suff icient ly la rge  dis tance f r o m  the ex te rna l  heated su r f aces  of the model .  

6. The p r o b l e m  of organizing closed s y s t e m s  of equations,  for  example ,  in p l a s m a  or radiant  
heat ing a p p a r a t u s e s ,  r e s u l t s  a lmos t  inevi tably in the need to have an a lgo r i thm of the solution of the in-  
v e r s e  hea t -conduct ion  p rob lem.  

7. Finally,  an  invest igat ion of nons ta t ionary  heat exchange in an ex te rna l  gas  m e d i u m - s o l i d  sy s -  
t e m  (i. e. ,  taMng account  of the body influence on the h e a t - t r a n s m i s s i o n  p roce s s )  can be cons t ruc ted  by 
IHCP methods .  A theore t i ca l  fo rmula t ion  of conjugate p rob l ems  for  a whole se t  and in t e r re l a t ion  between 
the di f ferent  p a r a m e t e r s  often tu rns  out to be quite complex (does not occur  for the l a rges t  e lec t ron ic  com-  
pu te rs )  and contains a whole s e r i e s  of a s sumpt ions  difficult to conf i rm.  Under these  conditions the in-  
v e r s e  hea t -conduct ion  p rob l ems  a r e  one of the pr inc ipa l  methods for  studying the effects  of t h e r m a l  non- 
s t a t ionar i ty .  

8. De te rmina t ion  of the t he rmophys i ca l  c h a r a c t e r i s t i c s  of the bodies  under  nonsta t ionary heating 
condit ions,  the de te rmina t ion  of the in tens i t ies  of the in terna l  heat and m a s s  evolution in the hea t - sh ie ld  
m a t e r i a l s  during the i r  des t ruc t ion ,  al l  of these  a r e  the purpose  of the coeff icients  of the inve r se  hea t -  
conduction p rob l em .  

9. The radiant  hea t -exchange  coeff icients  (absorption, ref lect ion,  radia t ion)  can a l so  be de t e rmined  
p a r a m e t r i c a l l y .  The i r  ident if icat ion is accompl i shed  in t h e r m a l  t e s t s  by means  of t e m p e r a t u r e  m e a s u r e -  
ments  at app rop r i a t e  points of the construct ion,  for  example ,  during FV mock-up  t e s t s  in the t h e r m a l  p r e s -  
su re  chamber .  

10. Boundary-va lue  p rob l ems  with i n ve r se  t ime ,  i . e . ,  when the solut ion within the domain  is sought 
for  by means  of known values of the solut ion at  the t e r m i n a l  t ime  and on the s ide su r f ace  of the domain  
under  considera t ion,  a r e  of theore t i ca l  and p rac t i ca l  i n t e re s t .  Such p rob l ems  can  be r e l a t ed  to  some  full-  
sca le  machine t e s t s .  

This  l is t  can be continued even fu r the r .  But even this l ist  is p robably  sufficient  to  indicate the place  
which methods of solving inve r se  hea t -conduct ion  p rob lems  do, or can, occupy as methods of p roces s ing  
and in te rpre t ing  expe r imen ta l  r e s u l t s .  Let us note that planning the t h e r m a l  expe r imen t s  and t e s t s  is  
c lose ly  re la ted  to the th ree  mentioned kinds of inve r se  hea t -conduct ion  p r o b l e m s .  

F o r m u l a t i o n  of  E x p e r i m e n t a l  I n v e s t i g a t i o n s  o n  

N o n s t a t i o n a r y  R u p t u r e  a n d  H e a t i n g  o f  

H e a t - S h i e l d  C o a t i n g s  

The usual  s impl i fy ing approach  to the inves t igat ion of heat  t r a n s f e r  be tween a gas and solid is to 
s e p a r a t e  the gene ra l  p rob l em  ar t i f i c ia l ly  into two pa r t s ,  an  outer  p rob l em and an inner  p rob l em.  The 
outer  p rob l em is to de t e rmine  the heat  fluxes to  the body under  the a s sumpt ion  of a quas i s t a t iona ry  hea t -  
ing mode.  The inner  p r o b l e m  is to ana lyze  the body heating under  known t h e r m a l  boundary condit ions.  

Str ic t ly  speaking,  such an approach  does not co r r e spond  to the physics  of the hea t -exchange  p r o c e s s  
be tween a solid and the surrounding medium,  s ince the ac t ive  ro le  of the solid is not t aken  into account .  
Only the quanti t ies  cha rac t e r i z ing  the ex te rna l  p r o b l e m  enter  into the c r i t e r i a l  equation, for  ins tance,  

A continuous change in the t e m p e r a t u r e  and veloci ty  fields in the boundary l ayer  occurs  in nons ta t ionary  
heat ing.  This  change not only depends on the in tensi ty  of the change in the f r e e - s t r e a m  p a r a m e t e r s  but 
a I so  on the t he rmophys i ca l  c h a r a c t e r i s t i c s  and l inear  d imens ions  of the body, which govern  the heat r e l e a s e  
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within the body.  For  an en t ra inable  hea t - sh ie ld  ma t e r i a l  the phenomenon mentioned is compl ica ted  by 
nons ta t ionary  p r o g r e s s  of p r o c e s s e s  a s soc ia t ed  with m a t e r i a l  en t ra inment .  A complex  or s e v e r a l  com-  
plexes  taking account  of the ac t ive  ro le  of the body in the hea t -exchange  p r o c e s s ,  

Nu----Nu(Re, Pr, M, T~T---m-w, kl, k2 . . . .  , k in ) ,  

must  be included in the c r i t e r i a l  equation for  nonsta t ionary  heat t r a n s f e r .  Let us show that  the influence 
of nonsta t ionar i ty  on heat  t r a n s f e r  can be t aken  into account  by the following va r i ab le s  : 

OTw (.c) . 02T,~ (T) 
aw a~ = 

In many ca se s ,  only the f i r s t  de r iva t ive  of the t e m p e r a t u r e  can be taken  into account  as a f i r s t  a p p r o x i m a -  
t ion.  The c r i t e r i a l  equation then  becom es  

Nu = Nu Re 6, M 6, Pr, Le, 7"8 

b 2 d T  w 1 
k T ~ - -  

�9 . 

a d'~ T6 - -  Tw 

Dete rmina t ion  of the s imula t ion  domains  where  the hypothesis  of quas i s ta t ionar i ty  of the hea t -exchange  
p r o c e s s  is sa t i s f ied  can  be e s t ima ted  by means  of the following c r i t e r ion :  

Nu 
k = = f ( ~ r )  

Nu 0 
As a ru le ,  expe r imen t s  to  study the opera t ion  of a hea t - sh ie ld  m a t e r i a l  a r e  conducted under  s ta t ion-  

a r y  Conditions at  p r e s en t .  Indeed, the heat  shield functions in nonsta t ionary  modes and it is impor tant  to  
model  just such modes on expe r imen ta l  appa ra tu s .  

T h e r m a l  and dynamica l  s im i l a r i t y  can be a s s u r e d  in the quas i s ta t ionary  case  by means  of the heat 
flux qw(r), the enthalpy i s ( r ) ,  and the p r e s s u r e  P5 (r) on the boundary l aye r  l imi t .  T i m e  changes in these  
p a r a m e t e r s  should co r r e spond  to a given phase  of the FV t r a j e c t o r y .  

The in te r re la t ionsh ip  be tween these  quanti t ies ,  

i6 
qw ] f ~ ,  

must  be t aken  into account  in rea l i z ing  the requ i red  laws of va r i a t ion  of i 5 and qw. 

In turn ,  the enthalpy and p r e s s u r e  a r e  mutual ly re la ted  by means  of the fundamental  c h a r a c t e r i s t i c s  
of an exper imen ta l  gasdynamie  appara tus  (such c h a r a c t e r i s t i c s  a r e  ordinar i ly  the power  and the m a s s  flow 
ra te ) .  Regulat ion of the r equ i red  operat ing p a r a m e t e r s  of the appara tus  should be accompl i shed  au tomat ic -  
a l ly  in conformi ty  with a given p r o g r a m .  

As our invest igat ions  show, nonsta t ionary  effects  can be signif icant  and must  be taken  into account 
in producing hea t - sh ie ld ing  s y s t e m s .  Exper imen t s  have been  conducted on es t imat ing  the nonsta t ionary 
heat  fluxes during in te rac t ion  of a solid with a h i g h - t e m p e r a t u r e  gas  in a p l a s m a  appara tus .  P rocess ing  
the data was accompl i shed  by using methods based  on solving the i nve r se  heat -conduct ion p rob lem.  

A p l a s m a  appa ra tus ,  intended to  inves t iga te  the nonsta t ionary  operat ing modes of hea t - sh ie ld  m a t e -  
r i a l s ,  was used to p roduce  a complex  for  t h e r m a l  s imula t ion  with an automated d a t a - p r o c e s s i n g  sy s t em.  
The  ma thema t i ca l  a s s u r a n c e  of the automated  s y s t e m  is cons t ruc ted  on the bas i s  of a lgor i thms  of the so lu-  
t ion of the i nve r se  hea t -conduct ion  p rob l em.  This  complex  p e r m i t s  solut ion of the following fundamental  
p r o b l e m s  of an expe r imen ta l  inves t igat ion of hea t - sh ie ld  coating opera t ion.  

1. Es t ima t ion  of the l imi t s  of appl icabi l i ty  of quas i s ta t ionary  theory .  

2. Select ion and checkout of the r equ i red  laws of va r ia t ion  of the s imula t ion  p a r a m e t e r s .  

3. Inves t iga t ion  of nonsta t ionary  heating and en t ra inment  of the hea t - sh ie ld  coating under  quas i -  
s t a t ionary  ex te rna l  heat f luxes.  

4. Study of unsteady heating and en t ra inment  modes of the hea t - sh ie ld  coating in the domain  of non- 
s ta t ionary  ex te rna l  heat  t r a n s m i s s i o n .  
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E l e c t r o n i c  C o m p u t e r s  i n  C o n d u c t i o n  of  a 

T h e r m a l  E x p e r i m e n t  

In the majority of cases,  thermal  tests  a re  conducted under essentially nonstationary conditions. 
The nonstationary thermal  mode can hence be produced specially, for example, by a programmed change 
in the test-s tand control parameters  or can occur without their  dependence on nominal operating modes. 
Simulation of the given t ime laws of variation of the quantities governing the heat- t ransmission process 
is an important problem at present and is gradually starting to be used in investigations of different heat- 
shield systems.  

The deviation of heat modes from the nominal (even constant) can be related to nonstationary phenom- 
ena of solid body heat exchange (heat shields, elements of the construction, etc.) to the oncoming gas 
s t ream.  Because of reconstruction of the temperature  profile in the boundary layer  due to the different 
intensity of heat elimination in the body with time, the boundary conditions on the outer body surface will 
vary according to laws different from those computed for the quasistationary case. 

Taking the above elucidation into account, the results  of a thermal  experiment must be processed 
taking into account the time change in the governing parameters .  Such an approach requires  a change in 
the whole methodological part  of the experimental investigations, since the methodology developed for sta- 
t ionary thermal  modes is mostly inapplicable to investigations of nonstationary processes .  The problem 
of obtaining the output parameters  of the experiment is complicated substantially and can be solved effec- 
tively only by using modern electronic computers.  

The process of obtaining data of interest  to the r e sea rche r  carrying out a thermal  experiment can 
be separated into two major independent sections: 

1. Pr imary  processing of the readings of a different kind of sensor (temperature, pressure ,  current  
intensity, etc.). 

2. Secondary processing, obtaining the output parameters  of the experiments.  

Pr imary  processing includes obtaining the statistical character is t ics  of the quantities being mea- 
sured, the recovery  of the functions and their  f irst  derivatives by means of the experimental information 
which always contains the e r ro r s  associated with the imperfection of the measuring and recording devices, 
obtaining simple analytical expressions approximating the sensor readings, etc. 

Secondary processing is understood to be obtaining the output parameters  of the experiment by 
means of results  obtained after the pr imary  processing. This is pr imari ly  obtaining the thermal boundary 
conditions on the surface of the object under investigation around which the high-enthalpy gas flows, de- 
termination of the thermophysical character is t ics  of the specimen material ,  the heat- and mass-exchange 
parameters  in the gas -body  system, etc. All the questions of secondary processing of results of the ex- 
periment are  closely connected with the solution of inverse (boundary and coefficient) problems of heat 
conduction in linear and nonlinear formulations. In the general case, the problem is complicated in an 
investigation of the heat and mass exchange by the presence of a moving boundary on the specimen or the 
model. 

Each of the problems listed above for processing the experimental data is associated with carrying 
out a large number of similar  and tedious computations which causes great  expenditures in obtaining the 
final resul ts .  This re fe rs  especially to the secondary processing problems whose calculational algorithms 
of the solution are  based on using iterations, where one i teration is a solution of the boundary-value prob- 
lem for the heat-conduction equation in some formulation. 

Such problems do net permit  obtaining results completely "by hand." Even using modern electronic 
digital computers,  each problem requires  a sufficiently large quantity of machine time. 

Formulation of individual problems on an electronic digital computer partially solves the general 
problem of processing the data of a nonstationary experiment.  However, the great deal of work in pre-  
paring the input information for each part icular  problem does not afford the possibility of obtaining the 
output parameters  of the problem sufficiently operationally. 

A single means to cut down the total processing cycle is complete automation of the process .  Such 
automation is achieved because of the combined use of analog and digital electronic computers.  The signal 
from the sensor goes to the electronic digital computer through an analog-code converter .  The informa- 
tion obtained is later  used for pr imary  and secondary processing. 
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Besides the complex technical realization, such an automated data-processing system requires  al- 
gorithmization of all individual problems and, moreover,  the creation of a control program-dispatcher  
whose functions are  to combine part icular  algorithms into a single whole and to ca r ry  out the computations 
in the sequence needed. An automated system opens broad opp'ortunities for the experimental investigation 
of thermal  processes .  Different s torages  (magnetic drums, tapes, disks) permit  storage of numerous in- 
formation to obtain multiform statist ical  character is t ics  and correlat ion dependences between the separate 
parameters  o 

Besides rapidly obtaining the results  of the experiment, which is quite urgent at the modern level of 
development, such an approach to the problem of processing the data of an experiment permits elimination 
of the known subjectivity during obtaining the final results .  

NOTATION 

Nu, Nusselt number; Re, Reynolds number; l>r, l>randtl number, M, Mach number; Tw, wall 
temperature;  T~o, s t ream temperature;  k, some coefficients; T, time; qw, specific heat flux; i, en- 
thalpy; p, p ressure .  
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