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The monograph  deals  with p r o c e s s e s  of rad ia t ive  and compound heat  t r ans f e r ,  which play an i m p o r -  
tant role  in conventional  and modern  engineer ing.  It s y s t e m i z e s  and gene ra l i ze s  the vas t  scient i f ic  m a t e -  
r ia l  on the subjec t  avai lable  in both the Soviet  and fore ign l i t e r a t u r e .  The author  has  a lso  made wide use  
of his own theore t ica l  and expe r imen ta l  r e s e a r c h  work  concerning this p rob l em.  

Outstanding f ea tu re s  of this monograph  a re  i ts  highly sc ient i f ic  content,  a genera l  and r igo rous  
t r e a t m e n t  of rad ia t ive  and compound heat  t r a n s f e r  theory,  and an exhaust ive  unbiased d iscuss ion  of the 
s ta te  of the a r t .  The monograph  is made up of three  pa r t s  with a total  of s ix teen chap te r s .  

The f i r s t  p a r t  cove r s  the phys ica l  p r inc ip les  of in te rac t ion  between radia t ion and ma t t e r ,  the bas ic  
concepts  in the theory  of radia t ive  heat  t r ans f e r ,  and a der iva t ion  of the c l a s s i ca l  laws which govern  r a d i a -  
tion under  the rmodynamic  equi l ibr ium.  This  p a r t  concludes with a d i scuss ion  concerning the val idi ty of 
the hypothesis  of local  t he rmodynamic  equi l ibr ium,  which is impor tan t  in pr inc ip le  and on which the 
mode rn  phenomenologica l  theory of rad ia t ive  heat  t r a n s f e r  is based .  

The second p a r t  of the monograph deals  with rad ia t ive  heat  t r a n s f e r .  On the ba s i s  of the m a t h e m a t i -  
cal  desc r ip t ion  of p r o c e s s e s  deal t  with in the f i r s t  pa r t ,  a s y s t e m  of equations is fo rmula ted  to define 
rad ia t ive  heat  t r a n s f e r  in the mos t  genera l  t e r m s ,  with the an i so t ropy  of volume and sur face  sca t t e r ing  
taken into account  as well  as the se lec t ive  radia t ion f r o m  the med ium and f rom the su r face  under  a r b i t r a r y  
boundary  condit ions.  On the bas i s  of such a formula t ion ,  then, it has been poss ib le  to genera l i ze  and to 
ref ine  the theore t i ca l  methods  of calcula t ing the rad ia t ive  heat  t r a n s f e r .  F r o m  this standpoint ,  the author 
ana lyzes  thoroughly va r ious  d i f ferent ia l  methods of m e a s u r i n g  and calcula t ing the radia t ive  heat  t r ans fe r :  
the S e h u s t e r - S c h w a r z s c h i l d  approx imat ion ,  the diffusion and the t ensor  approx imat ions ,  the Mi lne-Edding-  
ton approx imat ion ,  and the approx imat ion  based  on rad ia t ive  t he rma l  conductivity.  It is to be noted that 
the author ,  jointly with G. L. Polyak,  had been the f i r s t  to p ropose  the tensor  approx imat ion .  A spec ia l  
chap te r  in the second p a r t  of the monograph  is devoted to in tegra l  equations of rad ia t ive  heat  t r a n s f e r  and 
va r ious  methods  of solving them.  In teres t ing  is the au tho r ' s  a t t empt  to genera l i ze  the in tegra l  equations 
which pe r t a in  to se lec t ive ly  radia t ing s y s t e m s  with an i so t rop ic  volume and su r face  sca t te r ing .  He thor -  
oughly ana lyzes  the methods  of a lgebra ic  approx imat ion  and, espec ia l ly ,  his un iversa l  zonal method for  
obtaining the mos t  accu ra t e  and genera l  r e s u l t s .  This  theore t ica l  ana lys i s  of methods used  for  measu r ing  
and calcula t ing the rad ia t ive  heat  t r a n s f e r  is i l lus t ra ted  by the solution of s e v e r a l  specif ic  p r o b l e m s  of 
scient i f ic  and p r a c t i c a l  s ign!f icance.  

In the l as t  few chap te r s  on the second pa r t  we find a thorough ana lys i s  of rad ia t ive  hea t  t r a n s f e r  p r o -  
c e s s e s  and the i r  s imulat ion:  t he rma l ,  e l ec t r i ca l ,  and optical .  These  chap te r s  should be of specia l  in te res t  
to exper t s  engaged in expe r imen ta l  r e s e a r c h  concern ing  the rad ia t ive  heat  t r a n s f e r  and, in addition to a 
m o r e  comple te  and r igorous  t r e a t m e n t  of the s ta te  of the a r t ,  a few new and or iginal  ideas developed by 
the author  a r e  a lso  shown he re .  The la t t e r  include, for  ins tance,  new methods of optical  s imulat ion which 
r ende r  this technique appl icable  to many  m o r e  p r o b l e m s .  
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The third p a r t  dea ls  with compound (combined) heat  t r a n s f e r .  The bas i c  p r inc ip les  of this kind of 
heat  t r an s f e r  a r e  outlined he re  and i ts  va r ious  p a r t i c u l a r  modes  a re  analyzed:  rad ia t ive  heat  t r a n s f e r  in 
a moving medium,  r ad i a t i ve - conduc t i ve  heat  t r a n s f e r ,  and r a d i a t i v e - c o n v e c t i v e  heat  t r a n s f e r .  P r o c e s s e s  
of compound heat  t r a n s f e r  a r e  widely encountered  in va r ious  b r anches  of engineer ing  and, consequently,  
this p a r t  of the monograph  is  ve ry  impor tan t .  In i ts  phys ica l  and ma thema t i ca l  a spec t s ,  compound heat  
t r a n s f e r  d i f fe rs  f r o m  pure ly  rad ia t ive  heat  t r a n s f e r  by a g r e a t e r  complex i ty  due to the s imul taneous  o c c u r -  
r ence  of s e v e r a l  p r o c e s s e s .  

The author  has se t  up a s y s t e m  of equations desc r ib ing  the compound heat  t r a n s f e r  in the genera l  
case ,  with all  the e a r l i e r  ment ioned f ea tu res  of rad ia t ive  heat  t r a n s f e r  taken into account.  This  s y s t e m  of 
equations is then reduced  to d imens ion less  fo rm,  which has made it feas ib le  to more  r igorous ly  formula te  
the s imi l a r i t y  c r i t e r i a  for  s imula t ing  the p r o c e s s e s  of compound heat  t r a n s f e r .  

When analyzing the rad ia t ive  heat  t r a n s f e r  in a moving medium,  the author  of the monograph  has  
thoroughly rev iewed the s ta te  of the a r t  and has  solved s e v e r a l  speci f ic  p r o b l e m s  typifying this mode of 
hea t  t r a n s f e r .  Moreove r ,  a v e r y  c h a r a c t e r i s t i c  e x t r e m a l  ef fec t  of the optical  densi ty of the medium on 
hea t  t r a n s f e r  c h a r a c t e r i s t i c s  of the s t r e a m  has  a lso  been  r evea led  in the study. Of cons iderable  in te res t  
a re  a lso  the chap te r s  dealing with r ad i a t i ve -conduc t ive  and r a d i a t i v e - c o n v e c t i v e  hea t  t r ans f e r ,  where  the 
author not only r ev iews  the s ta te  of the a r t  but  a l so  p r e s e n t s  his own analys is  with r e su l t s  which a re  un-  
usual ly  innovative.  

The l a s t  chap te r  of the third p a r t  deals  with expe r imen ta l  s tudies  of rad ia t ive  heat  t r a n s f e r  in a 
chemica l ly  r eac t ing  or  in a homogeneous  medium,  such s tudies  having been made by the author  h imsef f .  
He d i s cus se s  he re  a l so  ce r t a in  methodologica l  p r o b l e m s  of i n t e r e s t  to r e s e a r c h e r s  concerned with c o m -  
pound heat  t r a n s f e r .  The method of combining ana lys i s  with expe r imen t  in a study of compound heat  t r a n s -  
f e r  mus t  be  recognized  as  an advance.  

On the whole, the author  had se t  h imse l f  an impor t an t  and difficult  task: to sys t ema t i ze ,  to gene ra l -  
ize,  and to p r e s e n t  f r o m  a unified viewpoint  the now avai lable  m a t e r i a l  on rad ia t ive  and compound heat  t r a n s -  
f e r  ba sed  on both theory  and expe r imen t .  Since there  is an abundance of such m a t e r i a l ,  this could have 
been  done in a single book only in a concise  manner  and by cover ing  m e r e l y  the mos t  sa l ient  f ea tu res .  In 
the for thcoming  edi t ions,  t he re fo re ,  the author  would be well  advised to pay m o r e  attention to a more  
thorough ana lys i s  of theore t ica l  p r o b l e m s  and to t r e a t  the expe r imen ta l  p a r t  in a s epa ra t e  book. 

P r o b l e m s  of r ad ia t ive  and compound heat  t r a n s f e r  a r e  becoming  nowadays eve r  m o r e  impor tan t ,  
a t t r ac t ing  the at tent ion of a wide range  of expe r t s .  F o r  this r eason ,  the publicat ion of this monograph  is 
ve ry  t imely  and useful .  The m a t e r i a l  has  been  t r ea t ed  h e r e  with except ional  c la r i ty ,  p rec i s ion ,  and in 
logical  sequence.  It has  been  organ ized  v e r y  thoughtfully. AU this should help the r e a d e r s  in grasp ing  
the p r o b l e m s  at  hand. 

The book was intended for  a d ive r se  group of r e a d e r s .  It will be of f o r e m o s t  i n t e r e s t  to engineers  
and sc ien t i s t s  spec ia l iz ing  in t he rmophys i c s  and heat  technology. It will ce r t a in ly  be  useful  to graduat ing 
students  and to t eache r s  at  the academic  level ,  p e rhaps  a lso  to students who a re  taking advanced cou r se s  
and spec ia l ize  in t he rmophys i c s ,  heat  power ,  and heat  technology. 
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M E T H O D  O F  

T. G. G r i s h c h e n k o  

According to the fundamental law of heat conduction, the thermal  flux density is d i rect ly  proport ional  
to the intensity of the tempera ture  field: 

q --)~E:= --)~ grad 1. 

It has a l ready been considered that the thermal  conductivity of many substances is a function of such 
fundamental var iables  as the tempera ture ,  the p r e s s u r e ,  the mois ture  content, and others .  It has also 
been often suggested that the thermal  conductivity depends on the der ivat ives  of these var iables  as well, 
namely,  on their  der ivat ives  with r e spec t  to time and space coordinates .  Fo r  example,  in bi refr ingent  
c rys ta l s  along cer ta in  axes one a s sumes  substantial ly different values of thermal  conductivity: in opposite 
direct ions [2-4], which in basic  t e rms  can be related to the semiconductor  effect. The theory of heat con- 
duction does not exclude the possibi l i ty of such relat ions,  but a convincing proof  can only be provided by 
the resul ts  of reliable exper iments .  

Thorough r e s e a r c h  on bi ref r ingent  c rys ta l s  has revealed  that the said effect is ei ther  nonexistent or  
so smal l  as to be undetectable by measu remen t s  with a large enough e r r o r .  This was ascer ta ined  many 
t imes  within the pas t  century.  

During the las t  eleven yea r s  there appeared in pr int  many ar t ic les  and the monograph by Grishia 
[1] summar i ze s  their  contents.  The monograph [1] deals bas ica l ly  with the thermal  conductivity as a 
function of the tempera ture  gradient.  The effect of this relat ion is par t icu la r ly  s t rong when the t empera -  
lure gradient  approaches  zero,  according to Grishin, and this makes sense.  Heat conduction ceases  then, 
as a physical  phenomenon, and thermal  conductivity looses its meaning at the limit.  Thus, the authentica-  
tion of a new phenomenon depends ent i re ly on the physical  co r r ec tne s s  of the appropr ia te  exper iments  and 
on the rel iabil i ty of the e r r o r  evaluation. 

The ins t rument  descr ibed  in [5] and used for many yea r s  allows for the tempera ture  and the t em-  
pe ra tu re  gradient  to be var ied  independently. In ea r l i e r  measuremen t s  the problem of varying the tem-  
pera ture  gradient  was never  considered.  For  this reason,  only a few r e s e a r c h e r s  were able to pick out 
more  than ten per t inent  data f rom among a thousand or  so data collected.  The specimens were made of 
varnished cloth in combination with impregnated and unimpregnated in te r layers  of paper  or  cot ton-paper  
cloth. According to [1], it was in such specimens that the said effect  had been observed.  Our ea r l i e r  
measu remen t s ,  however,  have not revealed a dependence of the thermal  conductivity on the tempera ture  
gradient.  

In view of this, we have pe r fo rmed  special  measurements  on specimens exactly corresponding to 
those descr ibed  by Grishin. Specimens of var ious  thicknesses  were p repared  by al ternat ing layers  of 
f i l ter  paper  with l aye rs  of grade LSK varnished cloth. The tempera ture  gradient  was var ied  f rom g r a d t  
= 10 ~ ~ at which no Grishin effect was observed,  down toward smal l  values.  In our tests  we de- 
c reased  the tempera ture  gradient  to grad t = 200 ~ i . e . ,  to a level one order  of magnitude below the 
minimum tempera ture  gradient  in Gr ish in ' s  exper iment .  The resul ts  of our measuremen t s  are  shown in 
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Fig.  1. T h e r m a l  eonduetivity (W/m. ~ as 
a function of the t e m p e r a t u r e  grad ien t  (~ 
in mul t i l aye r  compos i tes :  1) f i l t e r  pape r  with 
va rn i shed  cloth; 2) f i t t e r  p a p e r  with a luminum 
foil.  

Fig.  1 (curve 1). Obviously,  ne i ther  do these r e su l t s  
yield any posi t ive  evidence concerning the new pheno-  
menon.  

Consider ing  that Gr ish in  had obse rved  the effect  
p redominant ly  in mu l t i l aye r  compos i t e s  with con t ras t ing  
p r o p e r t i e s ,  we p e r f o r m e d  additional t e s t s  on spec imens  
of f i l t e r  pape r  with 0.02 m m  thick a luminum foil i n t e r -  
l a y e r s ,  i . e . ,  on spec imens  of even m o r e  cont ras t ing  
p a i r s  of m a t e r i a l s .  The r e su l t s  of these t e s t s  a re  shown 
in Fig.  1 (curve 2). They a lso  do not r evea l  any depen-  
dence of the t he rma l  conductivity ou the t e m p e r a t u r e  
gradient .  Thus,  our r e su l t s  do not conf i rm those ob-  
tained by Gr ish in .  

The thes is  of the book " T h e r m a l  Measu remen t s  
by the Method of Instantaneous Compensat ion"  is en t i re ly  

based  on the said effect .  Since the ex is tence  of such an effect  has  not been  proved,  any d iscuss ion  of the 
r emain ing  contents of this book s e e m s  p r e m a t u r e .  

It is to be  noted, in conclusion,  that some  probabi l i ty  of the the rmophys ica l  p r o p e r t i e s  depending on 
the de r iva t ives  of s ta te  v a r i a b l e s  mus t  not be ruled out. It has  been  sugges ted  in [6], for  ins tance,  that 
the equation of hea t  conduction may  be expected  to become  nonl inear  at  high t e m p e r a t u r e  grad ien ts  - jus t  
as in the case  of Ohm's  law within the range  of high field in tens i t ies .  F o r  this r eason ,  one should continue 
sea rch ing  for  convincing evidence of such re la t ions .  

Dependence on the de r iva t ives  with r e s p e c t  to t ime can, in the final ana lys i s ,  r e su l t  in t he rma l  
h y s t e r e s i s .  Dependence on the de r iva t ives  with r e s p e c t  to space  coord ina tes ,  on the other  hand, would be 
re la ted  to the ex is tence  of the t h e r m a l  semiconduc tor  effect .  Both a r e  v e r y  impor tan t  in the phys ics  of 
hea t  conduction and have for  a long t ime often int r igued r e s e a r c h e r s ;  in our opinion, they de se rve  un-  
d iminished at tention.  The new phenomenon can only become  " leg i t imate ,"  however ,  a f t e r  i t  has been  
re l i ab ly  ve r i f i ed  by expe r imen t .  
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