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The Twenty-Fif th Congress  of the Communist  Pa r ty  of the Soviet Union devoted much attention to the 
problems of increas ing the efficiency and quality of public production, including the efficiency and quality of 
scientific r e s e a r c h  and technological  solutions.  In this sense the development and introduction of methods of 
scientif ic r e sea rch  and of methods of modeling and designing technological sys tems  that are  scientif ical ly 
sound and effective in pract ica l  use must be considered as a definite contribution to the solution of this problem.  

In the creat ion of new technological  models whose functioning is accompanied by the occur rence  of 
intense thermal  p rocesses ,  a major  role is assigned to thermal  design, the modeling of the rmal  r eg imes ,  and 
the rmal  experiment .  For  example,  the design and experimental  development of sys tems  for  the heat shield-  
ing and the rmal  regulation of flying descent  vehicles,  interplanetary spaceships ,  probe craf t ,  ar t i f icial  sa te l -  
lites of the ear th  and planets,  and reusable space - t r anspor t  sys tems are  closely connected with the solution 
of a whole complex of problems of a heat-  and mass -exchange  charac te r .  

The rational selection of the design pa ramete r s  of such sys tems  and even the very  appearance of many 
designed objects are  determined by the thermal  conditions of the interaction with the surrounding medium. 
In many cases  of pract ica l  impor tance  the p rocesses  of heat and mass  exchange have a very complex and t r an -  
sient nature.  In the various stages of the design,  f rom the development of the proposals  to the technical  de-  
sign and experimental  development,  ever  more  complicated calculating models and methods,  more  fully allow- 
ing for  individual thermal  phenomena and p roces se s ,  a re  used. 

Exper imental  thermal  s tudies,  bench work, and fu l l - sca le  tests  usually consist  of unique individual 
events,  the accomplishment  of which is accompanied by great  economic expenditures.  

It is natural that the cor rec t  s tatement of the problems of thermal  design and modeling of thermal  
reg imes  and the choice of efficient methods of t rea tment  and analysis  of the resul ts  of thermal  experiments  
have exceptionally great  importance under these conditions. And on this plane inverse  problems of heat ex-  
change, being the means of identification of the rmal  models and of the interpretat ion of experimental  resul ts ,  
serve  as the foundation for the solution of these problems.  

Conjugate problems of heat and mass  exchange have permit ted a f resh  look at p roces ses  of heat and 
mass  exchange and have made possible the theoret ical  investigation of t ransient  thermal  phenomena. A num- 
ber  of new relat ionships have been established with their  help. Inverse  problems,  in their  application to the 
study of t ransient  p roces se s ,  serve the same purpose,  but on the plane of experimental  r e s e a r c h  now. 

The advent of sufficiently powerful electronic calculating machines ,  par t icular ly  th i rd-genera t ion com-  
puters ,  makes it possible to approach the analysis ,  modeling, and synthesis  of technical  sys tems  in a funda- 
mentally new and considerably more  well-founded manner .  The next stage in this t rend is the creation of spe-  
cialized computing complexes ,  such as a sys tem for automated design,  including thermal  design, and a s y s -  
tem for  the automated t rea tment  of the data of the rmal  exper iments .  This stage is also subject to the overal l  
goal of increas ing the efficiency and quality of scientific r e s e a r c h  and technological solutions.  

The F i r s t  All-Union Seminar  on Inverse  Problems of Heat Exchange and the Trea tment  of Results of 
Thermal  Exper iments  met in February  of 1974. In the t ime since then a whole se r ies  of important  projec ts  
have been ca r r i ed  out on the creat ion of efficient new methods of modeling based on the use of inverse  prob-  
lems,  and their  pract ica l  introduction in var ious  fields of science and technology has been accomplished.  In 

* Opening address  of Academician V. P.  Mishin to the Second All-Union Seminar  "Inverse and Conjugate 
Problems of Heat Exchange r in Moscow, October  19-21, 1976). The mater ia ls  of the s e m i n a r  are  published in 
this issue of the journal .  
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p a r t i c u l a r ,  a Branch  Refe rence  on the de te rmina t ion  of t h e r m a l  loads on construct ion e lements  by the 
methods of i n v e r s e  p r o b l e m s  of heat conduction was developed and published at the Moscow Aviation Ins t i -  
tu te .  The methods  fo r  the solution of conjugate and uncor rec t ed  i nve r se  p rob l ems  developed by the Mos-  
cow Aviation Ins t i tu te ,  the Inst i tute  of Heat and Mass Exchange,  Academy of Sciences of the Beloruss ian  
SSR, Moscow State Univers i ty ,  the Khar 'kov  Aviation Ins t i tu te ,  and a number  of others  have been put into 
p rac t i ce  in the work of a num ber  of s c i e n t i f i c - r e s e a r c h  and des ign- -cons t ruc t ion  organiza t ions .  Automated 
complexes  for  the t r e a t m e n t  of the data of t h e r m a l  expe r imen t s  a r e  being c rea ted .  All these  s tudies and 
p ro j ec t s  a r e  in the s tage of quite in tensive growth and development .  

The a d d r e s s e s  and r e p o r t s  d i scussed  at the Second All-Union Seminar  and approved for  publicat ion 
by the Organizat ional  Commit tee  of the s e m i n a r  a r e  p resen ted  in this  i s sue  of " Inzhenern0-Fiz ichesk i i  
Zhurnal"  (Journal  of Engineer ing Phys ics ) .  

S O M E  P R O B L E M S  IN T H E R M A L  D E S I G N  F O R  A I R C R A F T  

A N D  T H E I R  E X P E R I M E N T A L  T R E A T M E N T  

B .  M .  P a n k r a t o v  UDC 536.24:533.65 

The s ta tus  and s o m e  methodological  p rob l ems  of t he rma l  s tudies ,  t h e r m a l  design,  and 
the t r e a t m e n t  of expe r imen ta l  r e su l t s  f rom t h e r m a l  t e s t s  a re  d i scussed .  

In r ecen t  y e a r s ,  i n v e r s e  h e a t - t r a n s f e r  p rob l ems  have become one of the bas ic  modal i t ies  for  i n v e s -  
t igat ion of heat t r a n s f e r  and fo r  s imulat ion of the t h e r m a l  r e g i m e s  in many technica l  s y s t e m s .  A c h a r a c -  
t e r i s t i c  f ea tu re  of modern  methods  for  the solution of i nve r se  p rob lems  is  the or ientat ion toward machine 
technology.  "Manual" methods  a r e  used only in the s imples t  ca ses  and do not change this genera l  t r end .  
Thus one can ta lk  of machine  methods  for  the solution of i nve r se  h e a t - t r a n s f e r  p rob l ems  and of machine 
methods  fo r  machine  s imulat ion based on the concept of the i nve r se  p rob lem.  

The ana lys i s  and in t e rp re t a t ion  of the resu l t s  of t h e r m a l  exper imen t s  continue to be the main field 
for  appl icat ion of the i nve r se  h e a t - t r a n s f e r  p rob lem.  It was in p r ec i s e ly  this field that  the g r e a t e s t  ad -  
vances  of t heo re t i ca l  and applied nature  were  achieved f rom the viewpoint of the e f fec t iveness  of the methods 
and the bread th  of t he i r  p r ac t i ca l  appl icat ion.  This  field of applicat ion for  the methods  of the i nve r se  hea t -  
t r a n s f e r  p rob lem includes the de te rmina t ion  of boundary condit ions,  the recons t ruc t ion  of t e m p e r a t u r e  f ie lds ,  
the de te rmina t ion  of contact t h e r m a l  r e s i s t a n c e s ,  and the de te rmina t ion  of hea t -  and m a s s - t r a n s f e r  coeff i -  
c ients :  In planning p rac t i ca l  appl ica t ions ,  cor responding  methods a r e  used for  exoe r imen ta l  s tudies  of non- 
s teady heat t r a n s f e r ,  fo r  const ruct ing low- iner t i a  t h e r m a l - f l u x  s e n s o r s ,  for  identifying 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 h e a t - r e s i s t a n t  m a t e r i a l s  and coat ings ,  for  de te rmin ing  and controll ing opt imal  hea t -  
ing and cooling conditions for  m a t e r i a l s  used in var ious  technical  p r o c e s s e s ,  e tc .  

A methodology is  a l so  beginning to be developed for  the solution of i nve r se  p rob lems  of identif icat ion 
and co r rec t ion  of t h e r m a l  models  of complex technical  s y s t e m s ,  for  example ,  in the t he rmovacuum tes t ing 

of spacec ra f t .  

The product ion of r e su l t s  of acceptab le  accu racy  often r equ i r e s  cons iderable  complexi ty  in a t h e r m a l  
model  of a p r o c e s s  or  technica l  s y s t e m  under  invest igat ion and the development  of m o r e  complex and r e -  
fined methods fo r  the solution of the i nve r se  h e a t - t r a n s f e r  p rob lem.  All this  leads to an i nc r ea se  in the 
consumption of machine  t i m e .  If one cons ide rs  that the analys is  of an actual  or  s imula ted  t h e r m a l  e x p e r i -  
ment  a lways  p a s s e s  through s e v e r a l  s tages  with a mult ipl ic i ty  of repea ted  calculat ions and different  r e f ine -  
men t s ,  the occas iona l  in te rac t ion  of an inves t iga to r  with a compute r  enta i ls  not only a significant  i nc r ea se  
in the to ta l  t ime  fo r  data  ana lys i s ,  but a l so  a s o m e t i m e s  undes i rable  reduct ion in the number  of poss ib le  
va r i a t ions  of the ana lys i s  with loss  of a ccu rac y  and informat ion  content in the r e su l t s .  Thus a need has 
a r i s en  in many  t h e r m a l  expe r imen t s  fo r  automation of al l  in format ion  analys is  s t a r t ing  with the col lect ion,  
sys t ema t i za t ion ,  and editing of p r i m a r y  s t a t i s t i ca l  and de te rminan t  analys is  before  solution of the i nve r se  
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