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The scient i f ic  and technical  p rob l em s  assoc ia ted  with rad ia t ive  and combination heat  t r a n s f e r  span an 
extensive p r o g r a m  of fundamental  and applied r e s e a r c h  a imed at  solving specif ic  p rob lems  in the formulat ion 
of p r o g r e s s i v e  methods for  the t he rm a l  analys is  of boi ler  s y s t e m s ,  meta l lu rg ica l  and h e a t - t r e a t m e n t  furnaces ,  
and a i r  p r e h e a t e r s ,  in the development  of new methods for the ut i l izat ion of  the rma l  radia t ion in the chemical ,  
food, and pha rmaceu t i ca l  indus t r ies ,  for  a s s e s s i n g  the role  of t he rma l  radia t ion in d ive rse  technological  p ro -  
c e s s e s ,  etc.  

The fundamental  invest igat ion of radia t ive  heat  t r a n s f e r  includes studies on the development  of r igorous 
and approx imat ive  zonal methods for  the analys is  and calculat ion of rad ia t ive  heat  t r a n s f e r  in radiat ing sys t ems  
of a r b i t r a r y  configurat ion filled with t r anspa ren t ,  se lec t ive ly  absorbing,  radiat ing,  and sca t te r ing  media,  along 
with studies in devising the mos t  effect ive techniques for  the analys is  and calculation of combination ( r a d i a t i v e -  
conductive and r a d i a t i v e - c o n v e c t i v e )  h e a t - t r a n s f e r  modes .  

The p r e s e n t  su rvey  covers  the m o s t  impor tan t  Soviet theore t ica l  and exper imenta l  work in pure  radia t ive  
and combinat ion heat  t r a n s f e r  during the l as t  few y e a r s ,  p r i m a r i l y  in applicat ion to p rob l ems  of specif ic tech-  
nological  p r o c e s s e s .  

In the development  of zonal analyt ical  methods for  radia t ing s y s t e m s  containing t r a n s m i s s i v e  (diathermic) 
and at tenuating media ,  a g r e a t  many analyt ical  studies have been ca r r i ed  out on the local  and ave rage  radia t ion 
c h a r a c t e r i s t i c s  in volumes  and on su r faces  in the case  of  diffusely and direct ional ly  radiat ing boundaries ,  in 
appl icat ion to the invest igat ion of d ive rse  types of hea t -engineer ing  devices .  

A dis t inct ive fea ture  of these  studies is the use  of an i te ra t ive  zonal method for  de termining  the local and 
ave rage  c h a r a c t e r i s t i c s  of rad ia t ive  heat  t r a n s f e r ;  this method pe rmi t s  computat ions to be ca r r i ed  out with a 
control lable  e r r o r .  

A g rea t  d ive rs i ty  of configurat ions of radia t ing s y s t e m s  with a d ia thermic  medium has been invest igated 
(cyl inders  of  finite d imensions ,  coaxial  cy l inders ,  c y l i n d e r - c o n e  combinat ions,  t runcated cones,  p r i s m a t i c  
chamber ,  etc.) [1-4]. 

Analyt ical  express ions  have been derived for the local  and ave rage  direct ional  f ac to r s  of radiat ion in the 
components  of var ious  hea t -engineer ing  devices ,  and the f i r s t  invest igat ions a re  being conducted in the s e l e c -  
tion and p repa ra t ion  of su r faces  having di rec t ional  radia t ion p rope r t i e s  [1-7]. 

The abundance and d ive r s i ty  of configurat ions leads to inquiry about the p rac t i ca l i ty  of sys temat iz ing  the 
whole body of m a t e r i a l  in the fo rm of a s tandard handbook for  de te rmina t ion  of the opt ical  and geome t r i ca l  
invar iants  of the radia t ion of di f ferent  s y s t e m  configurat ions.  

The deve lopmen t  of zonal methods for the calculat ion of rad ia t ive  heat t r an s f e r  in s y s t e m s  with absorbing 
and sca t t e r ing  media  has been a imed at  taking account  of the se lec t iv i ty  of radiat ion and the anisot ropy of 
sca t t e r ing  under the conditions of  var ious  kinds of hea t -engineer ing  devices .  Invest igat ions of heat  transfc.,r in 
radia t ing s y s t e m s  of c l a s s i ca l  configurat ion (cyl indrical ,  r ec tangu la r ,  and cubic chambers )  filled with s e l e c -  
t ively  absorbing  and sca t t e r ing  media make it  poss ib le  to s imula te  the h e a t - t r a n s f e r  conditions in r ea l  hea t -  
engineer ing devices (furnace and hea t - t r ea t ing  equipment).  
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The cited s tudies  include analyt ica l  de terminat ions  of the local and ave rage  c h a r a c t e r i s t i c s  of  radia t ion in 
absorb ing  and sca t t e r ing  media  for  boundary as well  as in te r io r  vo lume zones with r ega rd  for  the se lec t ive  
na ture  of  the absorp t ion  [1-4, 8-12]. 

We note a marked  t rend toward work on the analyt ical  de terminat ion  of the reso lv ing  and attenuating 
(absorbing) capab i l i t i e s  of  media  with the m o s t  genera l  a r b i t r a r y  optical  p rope r t i e s  of volumes  and boundar ies  
[4 ,  13]. Approaches  of this nature  make it  poss ib le  to obtain compac t  and physica l ly  t r a n s p a r e n t  analyt ical  
express ions  for  computing the in tegra l  energy  c h a r a c t e r i s t i c s  of  heat  t r ans f e r .  These  developments  prove  
pa r t i cu l a r ly  effect ive in the formula t ion  of engineer ing calculat ions of f u r n a c e - b o i l e r  aggrega tes .  

Zonal methods for  the analys is  of rad ia t ive  heat t r a n s f e r  a r e  finding increas ing  applicat ions of an 
e x t r e m e l y  divers i f ied  c h a r a c t e r ,  not only in tes t ing the t he rma l  s ta te  of opera t ing  equipment,  but also for  the 
design of fundamental ly  new devices  ( rad ian t -hea t  machines  for  drying, heating, and the rmos ta t i c  control).  

Considerable  p r o g r e s s  is noted in r e s e a r c h  on so-ca l l ed  combinat ion ( r ad i a t i ve -conduc t ive  and r a d i a t i v e -  
convective) heat  t r a n s f e r  in absorbing,  radia t ing,  and sca t t e r ing  media.  

Algor i thms have been developed and numer i ca l  and exper imen ta l  studies c a r r i ed  out in the solution of 
r a d i a t i v e - c o n d u c t i v e  h e a t - t r a n s f e r  p rob l em s  in plane l aye r s  of se lec t ive ly  absorb ing  gases  (carbon dioxide and 
ammonia) ,  liquids (alcohols,  toluene,  carbon te t rach lor ide ,  etc.) ,  and solids (window glass  and c l ea r  p las t i c s ,  
al loys of spec ia l  g lasses )  [14-18]. 

It  is impor tan t  to note in this connection the e m e r g e n c e  of solutions of nonsteady p r o b l e m s ,  which a re  
opening up extensive theore t i ca l  and p rac t i ca l  opportuni t ies  [14]. An example  of the p rac t i ca l  applicat ion of 
this p rob l em is the synthes is  of  a compute r  p r o g r a m  for  the calculat ion of p r o c e s s e s  involving the heating of 
p las t ics  by i n f r a r e d - r ad i a t i on  sources  in accordance  with the technological  r e g i m e  under semi indus t r i a l  con-  
ditions [17]. 

R e s e a r c h  has expanded on r a d i a t i v e - c o n v e c t i v e  heat  t r an s f e r  in radia t ing sy s t ems  with absorbing and 
sca t t e r ing  media  as models  of var ious  cases  of hea t -engineer ing  applicat ions (cyl indrical ,  r ec t angu la r ,  and 
plane ducts).  The resu l t s  a r e  pa r t i cu l a r ly  valuable in si tuations where  r a d i a t i v e - c o n v e c t i v e  in teract ion p r o -  
c e s s e s  a r e  conspicuous .  

Approximat ive  d i f ferent ia l  methods der iving f rom the t ensor i a l  descr ip t ion  of rad ia t ive  heat t r ans f e r  have 
p rove  effect ive  f r o m  the standpoint  of s impl ic i ty  and re l iab i l i ty  [19]. 

This approach  makes  i t  poss ib le  to solve a broad c lass  of combinat ion h e a t - t r a n s f e r  p rob lems  in cases  
where  the appl icat ion of r igo rous  numer i ca l  solutions incurs  excess ive  expendi tures  of machine t ime.  F o r e -  
m o s t  in this r ega rd  a r e  p rob l ems  in the analys is  of an iso t ropic  sca t t e r ing  p r o c e s s e s ,  where  it  is requi red  to 
take account  of  the t e m p e r a t u r e  dependence of the the rmophys ica l  and opt ical  p rope r t i e s  of media  and to solve 
complex-conjuga te  p rob l em s  [20]. 

A spec ia l  p lace  in t e r m s  of s ignif icance is held by work on the development  and perfec t ion  of a method 
for  the ana lys i s  of heat  t r a n s f e r  in the furnaces  of s t e a m  genera to r s  [21-33] ; this work culminated in 1973 in 
the i ssuance  of a new s tandard  method for  the t he rma l  calculat ion of boi ler  sy s t ems .  

The new s tandard  method [34] m i r r o r s  al l  of  the mos t  s ignif icant  resu l t s  obtained in recent  yea r s .  In 
pa r t i cu la r ,  a zonal analyt ical  method is p r e s c r i b e d  for  the f i r s t  t ime ,  making it  poss ib le  to de te rmine  the d is -  
t r ibut ion of local  heat  loads over  the height of both s i n g l e - c h a m b e r  as well as doub le -chamber  and s e m i -  
enclosed furnaces .  The accu racy  and re l iabi l i ty  of the t h e r m a l  calculat ion of boi ler  s y s t e m s  a re  ra i sed  
accordingly.  

La t e r  work in this d i rect ion has been assoc ia ted  with the acquisi t ion of new exper imenta l  data on heat 
t r a n s f e r  in furnaces  and on the radia t ion p r o p e r t i e s  of f lames  and hea t - sens i t ive  heating su r faces  for the pu r -  
pose  of fu r ther  improving  the s tandard method and enhancing the opera t ional  re l iabi l i ty  of hea t -engineer ing  
s y s t e m s ,  p r i m a r i l y  in appl icat ion to p r e s e n t - d a y  h igh-power  s t e a m  gene ra to r s .  Considerable  attention has 
been given to invest igat ion of the radia t ion p rope r t i e s  of f lames  and the the rmophys ica l  cha r ac t e r i s t i c s  of 
heating su r faces  contaminated with ash deposi ts  [35-38]. 

It has been shown that  during the burnout  of a f lame je t  a cons iderable  change takes place in the t h e r m a l -  
rad ia t ion  s p e c t r u m  of the f lame in connection with the va r ia t ion  of the intensi ty of gaseous emiss ion  and the 
intensi ty  of emis s ion  of soot  pa r t i c l e s .  At the s a m e  t ime,  the ro le  of gaseous emiss ion  in the total  t he rma l  
radia t ion  of the f lame inc r ea se s .  In a coa l -dus t  f lame,  as in a mazut  f lame,  the continuous radia t ion sp ec t ru m 
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of the dispersed phase is overlaid with the radiation "band" spectrum of triatomic gases. This conclusion is 
conceptually new, because until recently the majority of researchers treated the coal-dust flame as a gray 
body. The coal-dust flame is characterized in this case by lower selectivity than the mazut flame. 

It has been shown that the modeling of combustion and heat transfer in furnaces in the burning of coal 
dust must be carried out on a comprehensive scale, combining calculations of radiative heat transfer with 
calculations of the processes of combustion, convective heat transfer between the burning solid-fuel particles 
and the gas medium, and turbulent heat and mass transfer in the gas flows, as well as with allowance for the 
aerodynamics of the system of jets and the firebox. These investigations and developments have provided the 
basis for recommendations on refining the standard method of thermal analysis of boiler systems. Such refine- 
ments take account of the influence of recirculation of gases into the firebox, the position of the flame- 
temperature maximum, and the mechanism of formation of ash deposits, etc., and result in increased reliabilit~y 
of the thermal analysis of boiler-system furnaces. 

Work has commenced on theoretical analyses aimed at ascertaining the possibilities of accounting for the 

nonisothermicity of the furnace volume in the furnace heat-transfer process. The concept of the nonisother- 
micity coefficient has been introduced for this purpose, and principles have been set down for its calculation 
[39, 40]. 

The investigation and development of methods for the calculation of heat-transfer processes in metal- 
lurgical furnaces have recently culminated in the formulation of a number of new and progressive methods for 
the analysis of such processes in furnaces serving various applications [41-47]. 

It is important to note the widespread application of zonal methods in this connection for heat-transfer 
calculations, the frequent recourse to Monte Carlo methods for determining the geometrical invariants of 
radiation, and in a number of cases concern for the selective nature and anisotropy of radiation [48-52]. 
Sophisticated methods of thermal analysis are being used in the design of industrial-equipment systems. 

It has been verified on the basis of an analysis of the thermal and technological efficiency of furnaces for 
the radiant heating of metals that the principle of indirect radiant heating by means of specially developed 
sheet-flame burners for the firing of hot gases of various compositions and caloricities makes it possible to 
increase the performance of furnaces by a factor of 1.5 or more, to simplify furnace construction, and to 
improve the quality of heating of metals [53-55]. This effect is elicited by substantial intensification of heat 
transfer in the situation where the combustion reaction takes place at a phase interface in the wall boundary 
layer by comparison with the heat transfer from the neutral heated gas. 

The results of the investigations have provided the basis for the development of working plans for 
furnace aggregates serving various purposes, including mechanized fast-heating furnaces. The anticipated cost 
savings through the use of indirect radiant-heating furnaces (according to just 27 commerical furnaces) in fer- 
rous-metallurgical plants amounts to about 6.0 million rubles. 

The need for the design of high-temperature air preheaters calls for a radical solution of the problem of 
maximum recovery of the heat of exhaust products of combustion in present-day high-performance heating 
furnaces. 

An analysis of the operation of heat-recovery equipment for heating furnaces has led to recommendations 
for the development of air preheaters with an air heating temperature of 500 to 600~ in combination with a 
temperature of 1200 to 1300~ for the combustion products at the entry point. 

Specially organized experimental studies of heat transfer on the side of the combustion products of a 
radiative slotted recovery unit have shown that prerecovery radiation plays a significant role in the heat- 
transfer process on the part of the heating surface adjacent to the flue firewall. These facts are taken into 
account in the corresponding engineering procedure. Investigations and calculations carried out by such methods 
have resulted in the development of various groupings of recovery units for furnaces with thermal powers from 
0.4 " 106 to 40 " 106 kcal/h [56-58]. 

The introduction of air preheaters having the indicated parameters lowers the specific fuel consumption 
in heat-treatment furnaces to 15-30%. 

The extensive use of perforated systems as the principal component of gas radiators has been prompted 
by the need for comprehensive investigations of thermophysical processes associated with the combustion of 
gases in them. In particular, radiafive-convective heat transfer in these systems has been investigated along 
with its relationship to combustion stability [59-60]. The influence of the structural parameters of systems on 
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the dis t r ibut ion of the s e l f - r ad i a t i on  energy  in se lec ted  direct ions  has been de te rmined  and the law governing 
the d i sp lacement  of the radia t ion m a x i m u m  has been es tabl ished for pe r fo ra t ed  sy s t ems  with a combust ion 
reac t ion  taking place  on the sur face .  The effect ive radia t ion t e m p e r a t u r e  of the f i r ing nozzles of pe r fo ra ted  
s y s t e m s  has been de te rmined  [59-61]. Equations have been der ived,  taking account  of the the rmophys ica l  
c h a r a c t e r i s t i c s  of  these  nozzles  and pe rmi t t ing  analyt ica l  methods to be used for the calculat ion of rad ia t ive  
heat  t r a n s f e r  in devices  using gas r ad ia to r s  [62, 63]. 

The p r o g r a m  of r e s e a r c h  on finding the m o s t  genera l  laws of combinat ion heat  t r an s f e r  in meta l lu rg ica l  
furnaces  includes compute r  numer i ca l  s tudies of 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  in cyl indr icaI  and slot ted 
channels for  var ious  flow r e g i m e s  of the gaseous  medium.  In teres t ing  data have been obtained on cer ta in  
p a r a m e t e r s  (optical  th ickness ;  P~clet, Bol tzmann,  and Reynolds number s ;  channel-wal l  t e m p e r a t u r e ;  heat  
input) as they af fec t  the c h a r a c t e r i s t i c s  of  combinat ion heat  t r a n s f e r  [64-69]. 

It  has been shown, in pa r t i cu l a r ,  that  e x t r e m a l  domains exis t  in the values  of the r a d i a t i v e - c o n v e c t i v e  
and rad ia t ive  heat  fluxes toward the wa l l  with va r ia t ion  of the optical  th icknesses  of the gas (it works  bes t  to 
i n c r e a s e  the opt ica l  th ickness  within uni t -va lue  l imits) .  It has been shown that  axia l  rad ia t ion  fluxes should be 
taken into account  in shor t  channels .  Cor rec t ion  fac tors  have been proposed  for exist ing convect ive heat-  
t r a n s f e r  and g a s - e m i s s i v i t y  calculat ions based on the assumpt ion  of addit ive radiat ion and convection for 
indust r ia l  s y s t e m s  with cy l indr ica l  working vo lumes  [70]. 

The t r a n s m i s s i v i t i e s  through a two- l aye red  gas ( s team and carbon dioxide) have been invest igated,  and 
the p r o b l e m  has been genera l ized  to the de te rmina t ion  of the t r a n s m i s s i v i t y  of radiat ion through an inhomo- 
geneous non i so thermal  gas l ayer .  The ro le  of sca t t e r ing  (for nonluminescent  f lame jets  in meta l lu rg ica l  
furnaces)  has been found to be negligible for values  of the Schuster  c r i t e r ion  f r o m  0 to 0.6 under conditions of 
a s imple  r a d i a t i n g - s y s t e m  g e o m e t r y  and a s p h e r i c a l - s c a t t e r i n g  d iagram.  The calculat ions have been signif i -  
cant ly  improved  by allowing for the radia t ion se lec t iv i ty  of the f lame jet ,  hea t - sens ing  su r f aces ,  and r e f r a c -  
to r ies  [71-77]. The s pec t r a l  and in tegra l  radia t ion c h a r a c t e r i s t i c s  of the main components  of the working space  
of indust r ia l  fu rnaces  have been studied [78-84]. 

Significant p r o g r e s s  is noted in engineer ing methods for  calculat ion of the heating of a meta l  in heat-  
t r e a t m e n t  furnaces  with al lowance for  the dependence of the the rmophys ica l  p rope r t i e s  of the cha rge  on the 
t e m p e r a t u r e ,  hea t  r e l e a s e ,  and t h e r m a l  r e s i s t a n c e s  in the metal .  

Extens ive  use is made of p r e s e n t - d a y  methods for  numer ica l  solution of the heat-conduct ion equations 
( two-dimensional ,  t h r ee -d imens iona l ,  anisot ropic) ,  as well  as appropr ia t e  s impl i f ied modif icat ions (so-ca l led  
s tep methods) .  In de te rmina t ions  of the local  and ave rage  di rec t ional  radia t ion coeff ic ients ,  a s ta t i s t ica l  method 
is used, making it  poss ib le  to p e r f o r m  calculat ions of complex  s y s t e m  geome t r i e s  compr i s ing  s e c o n d - o r d e r  
su r f aces .  A m e s h - p o i n t  method for  the computat ion of heat  t r a n s f e r  has been developed to account  for the c o m -  
plex geome t ry  of the p rof i l e  of a furnace working space  and a r b i t r a r y  stat ioning of the f lame je t  [47, 72]. 

Mathemat ica l  mode l s  a r e  cu r r en t Iy  being developed, and a lgor i thms  a re  being formula ted  for the solution 
of p r o b l e m s  in the heating of a meta l  in var ious  h e a t - t r e a t m e n t  fu rnaces ,  along with cor responding  computer  
p r o g r a m s .  This work  will make  it poss ib le  to analyze va r i an t s  in the design of new furnaces ,  to decide on 
control  and au tomat ion  techniques,  and to develop an automat ic  p roduc t ion-con t ro l  s y s t e m  (APCS) [85-92]. 
An ana lys i s  of the c u r r e n t  s ta tus  and future outlook for of, the development  of scientif ic  r e s e a r c h  on heat t r a n s f e r  
in me ta l l u rg i ca l  h e a t  engineer ing fo r  the per iod 1976-1985 may  be found in [93]. 

In the a r e a  of expe r imen ta l  work on radia t ion c h a r a c t e r i s t i c s  there  is growing in t e re s t  in thei r  m e a s u r e -  
ment  for  h igh-mel t ing  meta ls  (vanadium, t i tanium, tungsten, molybdenum, tantalum, and niobium), var ious  
g raph i t e s ,  and ca rb ides  a t  high t e m p e r a t u r e s  in the v is ib le  and n e a r - i n f r a r e d  regions .  The f i r s t  invest igat ions 
have been c a r r i e d  out on the total  emi t tances  and spec t r a l  absorp t iv i t i es  of quar tz  g lasses  of var ious  grades  in 
the t e m p e r a t u r e  in te rva l  f r o m  700 to 1300~ [94-97]. A detailed co r re l a t ion  of published data on the radiat ion 
c h a r a c t e r i s t i c s  of m e t a l s ,  a l loys ,  graphi te ,  ca rb ides ,  bor i t e s ,  n i t r ides ,  s i l ic ides ,  oxides,  fused quar tz ,  and 
ce r t a in  g l a s se s  is given in [96]. 

A complex  p r o g r a m  of invest igat ions under  indus t r ia l  and t e s t - s t and  conditions is being c a r r i e d  out in 
connection with the radia t ion p rope r t i e s  of f l ames  in the burning of liquid, gaseous ,  and solid fuel, This  work  
includes s tudies of the absorp t iv i ty  and emis s iv i ty  of f lames  in c lose  co r re l a t ion  with the s t ruc tu ra l  and 
m a t e r i a l  compos i t ion  of the f lame.  Data have been obtained on the concentra t ion of soot  pa r t i c l e s  in f lames  and 
their  influence on the t he rm a l  radia t ion  of f lames  [98-103]. 
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Data have been obtained for the f i rs t  t ime on the radiation of flames during the reci rcula t ion of gases in 
a firebox. The p r i m a r y  radiation charac te r i s t i c s  of coal -dus t  and coke par t ic les  in a coal -dus t  f lame have 
been determined for the principal  types of solid fuels. The emiss ive  proper t ies  of gaseous combustion products  
and solid par t ic les  as the main emit ters  produced in a flame have been determined in connection with the 
burning of mazut,  gas,  and coal dust in b o i l e r - s y s t e m  furnaces [104-109] and in metal lurgical  furnaces.  C a r -  
buration effects and their influence on f lame radiation have been investigated, along with effective means for 
enhancing the luminosity of flames in metal lurgical  furnaces.  These resul ts  have found extensive applications 
in various branches of engineering. 

For  example, new r e f o r m e r  designs have been developed for open-hear th  furnaces and an original  new 
sys t em for the na tura l -gas  firing of di rect-heat ing g lass-mel t ing  furnaces has been proposed. Data on the 
radiation proper t ies  of flame have provided the basis for a new standard method of thermal  analysis of boiler 
equipment. 

Exhaustive theoret ical  and experimental  studies have been undertaken with a view toward synthesizing a 
standard method of analysis  of tubular furnaces in the pe t rochemica l  and pet ro leum-ref in ing industries.  In 
par t icu lar ,  p rocedures  have been developed for calculation of the total t ransfer  in a furnace,  for the zonal cal-  
culation of heat t r ans fe r  in a firebox, for tes t  calculations of a react ion tubular furnace with radiating firebox 
walls, for aerodynamic  analysis of the firebox gas t ract ,  for calculation of the convection section of a furnace 
on the basis of local  charac te r i s t i cs  of the p rocess ,  etc.,  along with a c r i te r ia l  method for the calculation of 
heat t ransfer  in tubular furnaces [110-113, 143, 144]. 

The noticeable recent  trend in industry,  including the chemical  industry, toward the consolidation of a 
unified power on the pa r t  of equipment sys tems places grea t  urgency on the study of hea t - t rans fe r  problems 
both in r eac to r s  during chemical  react ion and in the space between pipes and tubing. The development of 
principles for the calculation of combination r ad ia t ive -convec t ive  heat t ransfer  makes it possible to take 
proper  account of the special  cha rac te r i s t i c s  of combustion devices and to apply those charac te r i s t i cs  toward 
the creat ion of more  uniform heating over the height of r eac to r s ,  while maintaining the wall tempera ture  of the 
react ion tubes at a maximum. 

Methods have been developed for analysis of the emiss ive  powers of confined gas volumes (CO, CO 2) 
under equil ibrium as well as nonequilibrium conditions. It has been confirmed that v ib ra tory  nonequilibrium 
processes  play a vital role in analysis  of the emiss ive  power of molecular  gases at low p res su res .  A diffusion- 
type approximation has been devised in [114-117], permit t ing the total radiation flux density to be calculated for 
a rb i t r a ry  volumes of a nonequilibrium diatomic gas. An expression has been obtained for the mean free path of 
quanta in a nonequilibrium medium, represent ing  a depar ture  f rom the Rosseland and Planck averages.  

P rac t i ca l  express ions  for the emiss ive  power of two-phase media of plane, cyl indrical ,  and spherical  
configuration have been proposed [118, 119]. It is shown that allowance for scat ter ing p rocesses  and a more 
rea l is t ic  configuration of radiating objects is an important  considerat ion in radiative hea t - t r ans fe r  p rocesses .  

Theoret ical  foundations for the optical modeling of radiative heat t ransfer  for sys tems  of a rb i t r a ry  
geometry ,  filled with select ively emitting, absorbing, and anisotropical ly  scat ter ing media,  have been developed 
on the basis of the integral  equations of radiative heat t ransfer  for a general ized effective radiation intensity. 

The optical modeling method has been brought to bear on the study of processes  in various e lec t ro thermal  
apparatuses  [120-121]. 

La rge - sca l e  investigations of radiat ive heat t ransfer  have been ca r r i ed  out for the development of 
technological  p rocesses  in the food industry;  in par t icu lar ,  infrared heating proves effective in the baking 
industry. This approach shortens the baking t ime of bread and pas t ry  goods, reduces the fuel consumption per 
unit finished product ,  cu~s down baking losses ,  and improves the quality of the end product.  

Investigations of the optical and reg ime  charac te r i s t i c s  of radia tors  used in ovens, analysis of the p a r a m -  
eters  charac te r iz ing  the efficient distribution of products in the baking chambers ,  and studies of the baking 
p rocesses  for bread and pas t ry  goods have made it possible to determine the singular attributes of the indicated 
pa ramete r s  and p rocesses  and to develop methods for the calculation of optimal regimes  [122-127]. 

The resul ts  obtained to date have culminated in the development of highly perfected var iants  of inf rared-  
heating ovens. The installation of a ser ies  of such ovens (30 type PIK-8 ovens} has yielded an est imated cost  
savings of about one million rubles.  

A ser ies  of labora tory  experiments on the infrared drying of medicinal plants with various physicobiologi-  
cal proper t ies  has been conducted for  the purpose of studying the influence of thermal  radiation on raw medicinal 
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plant  m a t e r i a l  and predic t ing the behavior  of its dehydrat ion p roce s s .  A number  of e m p i r i c a l  re la t ions  have 
been es tab l i shed ,  taking account  of the mutual  influence of s t ruc tu ra l ,  technological ,  and ene rgy  fac tors  as well  
as t hephys i cob io log ica l  c h a r a c t e r i s t i c s  of  the raw ma te r i a l  on the drying p r o c e s s ,  and it has been determined 
that  r ad i an t -hea t  dehydrat ion under  definite conditions and for  individual spec imens  not only el ic i ts  a d ras t i c  
reduct ion in the p r o c e s s  t ime ,  but a lso  r e s u l t s  in the product ion of raw m a t e r i a l  with a higher final content of 
ac t ive  agents  than when other  drying techniques a r e  used. 

The the rmodynamic ,  t he rmophys ica l ,  and opt ical  p r o p e r t i e s  of medicinal  granula tes  (methionine, amido-  
pyr ine ,  c i t r amone ,  dibasol ,  etc.) have been invest igated in detail.  The r e su l t s  can be used In the kinetic ana ly-  
s is  of heat  and m a s s  t r a n s f e r  and for  the se lec t ion  of in f ra red  radia t ion sources  in the drying of medicinal  
granula tes  in a v i b r a t o r y  fluidized bed [128-133]. 

P r o g r e s s i v e  methods have been devised for de te rmin ing  the opt ical  c h a r a c t e r i s t i c s  of sca t t e r ing  objects  
in connection with the radia t ion  of antibiotic medic ina l  p repa ra t ions  [130, 134-139]. 

A number  of  new technological  h e a t - t r e a t m e n t  r eg imes  for c o a t i n g - s u b s t r a t e  s y s t e m s  have been designed 
and introduced in indus t ry  [140-142]. E x p e r i m e n t a l . s a m p l e s  and s e r i e s  of pro to types  of conveyor  equipment  
and mechanized  product ion l ines have been designed and put into opera t ion for  the drying and hardening of 
po lymer  s e a l e r  coat ings.  

An impor t an t  fundamental  fac t  m u s t  be brought  to attention,  namely ,  the s ignif icant  act ivat ion of r e s e a r c h  
on rad ia t ive  heat  t r a n s f e r  during the l as t  few y ea r s .  Th i s  observa t ion  has implicat ions not only in theore t ica l  
s tudies ,  but also in expe r imen ta l  and pure  applied work,  the status of which evinces the effect ive inroads of 
scient i f ic  developments  in va r ious  b ranches  of the national economy. 

The authors  a r e  s ince re ly  gra tefu l  to m e m b e r s  of  the Radiat ive H e a t - T r a n s f e r  Section of the Scientific 
Council  on Mass and Heat  T r a n s f e r  in Technological  P r o c e s s e s  of the State Commi t t ee  of the Council of 
Minis ters  of the USSR on Science and Engineer ing  f o r  a d i scuss ion  and a s s i s t ance  in p repa ra t ion  of the su rvey  
on r e s e a r c h  in this impor tan t  mul t id i sc ip l inary  scient i f ic  and technical  a r e a  of  radia t ive  heat  t r ans f e r .  
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