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A me ta l l u rg i ca l  oven at  some  s tage involves the use  of high t e m p e r a t u r e s ,  and in that  s tage t h e r m a l  
radia t ion dominates  the heat  t r a n s f e r .  Many technica l  advances  requ i re  higher oven t e m p e r a t u r e s ,  and this 
g ives  added impor t ance  to computat ional  and theore t i ca l  methods of analyzing radia t ive  heat t r a n s f e r .  These  
methods  as yet  do not mee t  al l  engineer ing r e q u i r e m e n t s ,  pa r t i cu l a r ly  s ince the e r r o r  in the calculat ions in-  
c r e a s e s  with the s ignif icance of the rad ia t ive  component .  

It is  usual  for  the h e a t - t r a n s f e r  conditions to r e p r e s e n t  the l imit ing s tage for  a me ta l lu rg ica l  p r o c e s s ,  
for  which r eason  heat t r a n s f e r  is  a cce l e r a t ed  as f a r  as poss ib le  subject  to the r e s t r i c t i ons  imposed by product  
quality and s tabi l i ty  in furnace  components .  However ,  this is not always so ,  and in that  case  i t  becomes  of 
p r i m a r y  impor t ance  to op t imize  the t h e r m a l  conditions in o r d e r  to provide  p r o c e s s  control .  In e i ther  c a se ,  
the object  is p r o c e s s  acce le ra t ion ,  together  with high product  quality and economica l  opera t ion .  Maximal  ac -  
ce le ra t ion  of heat t r a n s f e r  can r e s u l t  in new techniques ,  one example  of  this being f ir ing and melt ing of con-  
cen t r a t e s  in f lu idized-bed fo rm.  

The aggrega tes  used in f e r rous  and nonfe r rous  meta l lu rgy  a r e  ex t r eme ly  var ied ;  some  types of furnaces  
have l a rge  working volumes  (heating ovens ,  b las t  fu rnaces ,  Martens and re f lec t ive  fu rnaces ,  ring ovens ,  and 
so on). Radiat ive  heat t r a n s f e r  is dominant  in such c a s e s ,  with the gas act ing as  the radiat ion source ,  the op-  
t i ca l  densi ty  of the gas  f requent ly  being high. The s ignif icance of convect ive heat  t r a n s f e r  is  usually ve ry  r e -  
s t r i c t ed .  

Some me ta l l u rg i ca l  s y s t e m s  have heat t r a n s f e r  between flowing gases  and lumps of m a t e r i a l ,  as  in b las t  
f u rnaces ,  conveyor  s y s t e m s ,  and s in te r ing  s y s t e m s .  The impor tance  of radia t ive  t r a n s f e r  is much less  in 
such c a s e s .  Calculat ions can then be based on convect ive heat t r a n s f e r ,  with a co r rec t ion  for  radia t ive  t r a n s -  
f e r  applied to the h e a t - t r a n s f e r  coeff icient .  

Recent ly ,  equipment  with c i rcula t ing fuel combust ion and fluidized beds has become  common, although 
l i t t le  is  known about heat t r a n s f e r  in them,  espec ia l ly  as r ega rds  the contribution f rom radiat ion.  

The r aw  m a t e r i a l  i t se l f  ac ts  as  the fuel during f i r ing in furnaces  of cyclone type and in oxygen-f lame 
p roces s ing  of sulf ides;  r e s e a r c h  on these  new p r o c e s s e s  is faci l i ta ted to some extent by the analogy with the 
phenomena in the combust ion of powdered fuel.  

Special  h e a t - t r a n s f e r  conditions occur  in rotat ing tubular  fu rnaces ,  which a re  widely used in f e r rous  
and nonfer rous  me ta l lu rgy ,  as well  as in the product ion of cement ,  r e f r a c t o r i e s ,  and so  on. 

Many f o r m s  of me ta l l u rg i ca l  plant  have many design faul ts ,  which often make them expensive to opera te ;  
for  ins tance ,  heating ovens often have la rge  heat leaks through the support ing s y s t e m s  and handling fac i l i t i es ,  
which in pa r t  may  r e su l t  in uneven heating in the me ta l .  Very often, such an oven is opera ted  under subopt i -  
m a l  condit ions,  which r e su l t  in cons iderab le  excess  fuel consumption.  It is often found that  a newly built plant 
fails  to give i ts  p r o p e r  output for  a prolonged per iod .  
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In an open-f lame oven, the heat t r ans fe r  is closely related to the flame s t ruc ture  and the combustion; 
the exact relationship has not been established in detail.  

It is anticipated that the next decade will see fur ther  increases  in the scale of individual plants and 
fer rous  and nonferrous metal lurgy;  in par t icu lar ,  this applies to reheating ovens for batch process ing ,  open- 
hearth furnaces ,  conveyor- type ovens for sintering concentra tes ,  and the like. 

Large design changes are  also anticipated in hea t - t rea tment  ovens,  part ly on account of the design of 
continuous-production lines for  rap id  heat t rea tment  of thin sheet and cer tain forms of rolled mater ia l .  In 
addition, fur ther  developments a re  expected in the continuous production of steel .  

Radiative heat t r ans fe r  plays a large par t  in the heat exchangers commonly used in fe r rous  and non- 
fe r rous  meta l lurgy (air heaters  for  blast furnaces ,  r egene ra to r s ,  r ecupera to r s ,  etc. ). 

Radiative t r ans fe r ,  alone or  in combination with other fo rms ,  is thus very  important  in many limited 
aspects  of fe r rous  and nonferrous meta l lurgy ,  for  which appropriate  hea t - t r ans fe r  calculation methods are  
required.  This is necessa ry  not only in the choice of ma jo r  design pa ramete r s  for optimum working conditions, 
but also in economic calculations on the best  style of organization and on the standards for fuel consumption. 
Correc t  hea t - t r ans fe r  calculations are  par t icular ly  important  in relat ion to the commissioning of new designs.  

During the Ninth F ive-Year  Plan, various r e s e a r c h  institutes and technical-col lege departments  pe r -  
formed numerous studies on new or  improved methods of hea t - t r ans fe r  calculation for many types of meta i -  
lurgical  furnace;  methods have been developed for computing the pa ramete r s  of sectional and chamber  ovens, 
while r e sea rches  have also been per formed on improved styles of zonal technique for  radiation calculation, 
par t icular ly  with allowance for  select ive emiss ion.  Also,  methods have been devised for calculating t e m p e r ,  
ature distributions in i ron -o re  process ing  in fluidized beds and so on. A method has been formulated for  ca l -  
culating the heat t r ans fe r  in b las t - furnace  a i r  hea te rs ,  and this has been adopted by design organizat ions.  

Recently,  numerous studies have been per formed on radiative t r ans fe r ,  alone or  in combination with 
other  fo rms;  studies have been per formed on select ive emiss ion f rom gases  and solids,  which have made p a r -  
t icular  use of advances in applied spec t roscopy,  while measurements  have been made on emiss ion f rom gases 
at elevated p r e s s u r e s ,  whichhave  led to substantial  advances in our understanding of radiative heat t r ans fe r  
in dusty media and the factors  governing the radiation charac te r i s t i cs  of mater ia ls  such as metals  and r e f r ac -  
tor ies .  

Equations have now been formulated for  combined forms of heat t r ans fe r  that give a reasonably accurate  
descr ipt ion of the various p roces ses ,  but solutions have been derived only for  ve ry  res t r i c ted  number of cases ,  
and then mainly for  laminar  flow in the absence of select ive emiss ion.  

In spite of the above advances,  there  remain  many problems in pract ical  metal lurgical  heat engineering; 
existing computational methods have many deficiencies ,  some of which are  due to the crude approximations,  
while others  (as in zonal methods) involve very complex calculations and are  difficult to use in engineering 
design. Also,  many of the methods are  of purely theoret ical  origin and have not been thoroughly checked out 
by experiment under pract ical  working conditions. Methods of tha t type  can be used with reasonable confidence 
in relat ive calculat ions,  e . g . ,  in determining the effects of par t icu lar  pa ramete r s  on the heat t r ans fe r ,  and 
therefore  they can be used in optimizing operations and in economic calculations,  but they are  not sufficiently 
reliable to be used in defining design pa ramete r s  for new plants to operate  under specified conditions, which is 
a ma jo r  d i sadvan tage .  Also,  we have very  little knowledge of the effects of combustion p rocesses  and a e r o -  
dynamic phenomena on heat t r ans fe r  in furnaces .  Fur ther ,  there  are  no reliable techniques for  calculating 
radiative t r ans fe r  in the presence  of uneven tempera ture  distr ibutions.  

Good calculation methods require  reliable experimental  data on heat t r ans fe r  in existing sys tems;  unfor-  
tunately,  even such data have so far  been very  scanty,  part ly on account of the major  difficulties in data col -  
lection and the grea t  range of furnace types.  It is often necessa ry  to determine local tempera tures  in the 
metal  and surroundings in the design of a reliable oven, but methods for  the purpose are  inadequately developed. 

Improved methods for  radiative hea t - t r ans fe r  calculation a re  required in a var iety of s tyles ,  pa r t i cu la r -  
ly simplified one-dimensional  schemes ,  such as the zonal and angular methods,  or  semiempi r ica l  methods 
such as the two-flux approximation,  which should be supplemented by r e s e a r c h  on heat t r ans fe r  in the fluid- 
ized-bed p rocesses  now becoming common.  Computational methods should be improved to the point where 
they can be used in engineering design calculations to provide type or  s tandard data. Major advances have 
a l ready been made in the joint considerat ion of internal  and external  heat t r ans fe r ,  but even so it is sti l l  usual  
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to d i scuss  the ex te rna l  heat  t r a n s f e r  in s impl i f ied  fo rm.  This  a r e a  should be examined with a view to defining 
m o r e  r igorous  solutions and s impl i fy ing the computat ional  s chemes .  

Measu remen t s  of heat t r a n s f e r  in indus t r ia l  s y s t e m s  and pilot  plants requi re  re l iab le  ins t ruments  for  
record ing  t e m p e r a t u r e ,  radia t ion flux, and so on; at the p r e s e n t  t ime ,  such ins t rumen t s  a r e  frequently de-  
s igned and built  by the r e s e a r c h e r  h imse l f .  

This  outline s e r v e s  to define the following m a j o r  p rob l ems  in h e a t - t r a n s f e r  engineer ing fo r  m e t a l l u r -  
g ica l  fu rnaces .  

1. Improved  computat ional  methods a r e  requ i red  for  rad ia t ive  and mixed fo rms  of heat t r a n s f e r  in 
such s y s t e m s ,  which may  be based on s impl i f ied  one-d imens iona l  s c h e m e s ,  zonal  methods ,  s e m i e m p i r i c a l  
techniques ,  e tc .  

Methods a r e  a lso  needed to define the ef fec ts  on the heat t r a n s f e r  f r o m  the compl ica ted  shape of the 
working space ,  se lec t ive  emis s ion ,  nonuniform t e m p e r a t u r e  d is t r ibut ion,  combust ion p r o c e s s e s ,  and a e r o -  
dynamic e f fec t s ,  a l l  of which a r e  affected by gas  c i rcu la t ion ,  a i r  injection,  the level  of solid pa r t i c l e s  in 
f l a m e s ,  and o ther  such f ac to r s .  

In addit ion,  improved  methods  a r e  needed for  solving the  equations for  combined ex te rna l  and in terna l  
heat  t r a n s f e r .  

2. Engineer ing design methods  a r e  requi red  for  m a j o r  types  of plants fo r  var ious  purposes ,  and such 
methods  should be improved  to the point where  they can define type o r  s tandard  designs .  

3. More extensive  t e s t s  a r e  needed on computat ional  methods checked out against  actual  working s y s -  
t e m s  o r  m a j o r  pilot  p lan ts .  

4. Expe r imen ta l  data  should be accumulated on the phys icochemica l  and radia t ive  fea tures  of m a t e r i a l s ,  
which a r e  e s sen t i a l  to calculat ions on rad ia t ive  and combined f o r m s  of heat t r a n s f e r  in me ta l lu rg ica l  plants .  
In addit ion,  ins t rument s  for  m e a s u r i n g  such quanti t ies should be designed or  improved .  

5. R e s e a r c h  data on radia t ive  and combined fo rms  of heat t r a n s f e r  should be uti l ized in improving fu r -  
nace design and opt imizing furnace  opera t ion .  
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