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The c r i t e r i a  which de te rmine  the re la t ive  eff iciency of r ad ia to r s  in in f ra red  heating and 
drying a re  examined.  It is shown that the re la t ive  efficiency of a p rope r ly  chosen rad ia to r  
can be quite high. 

The most  important  p rob lem of inf rared  heating is the at ta inment  of cor respondence  between the spec-  
t ra l  composi t ion of the incident radiat ion and the optical  p rope r t i e s  of the object  heated.  With a p rope r  
choice of rad ia to r  spec t ra l  cha rac t e r i s t i c s ,  de termining the ra te  or quality of p rocess ing ,  max imu m e n e r -  
gy t r a n s f e r  of the incident flux will be obtained. 

The specia l  effects  of ce r ta in  finite spec t ra l  in te rva ls  of radiat ion on p rocess ing  occurs  because of 
the following Optical p r o p e r t i e s  of m a t e r i a l s :  

a) some m a t e r i a l s  have spec t ra l  regions of radiat ion penetrat ion,  which makes  poss ib le  the in tens i -  
f ication of the heating p roces s  because  of in ternal  heat  sources  [1]; 

b) some  ma te r i a l s  have spec t r a l  regions with high deg rees  of blackness ,  which pe rmi t  acce le ra t ing  
�9 the heating p roce s s  by p rope r  choice of rad ia to r  spec t rum [3]; 

c) in the in terac t ion  of radiat ion and ma t t e r  in ce r ta in  wavelength bands there  occurs  nonthermal  
effects  produced by d i rec t  quantum mechanica l  effect  of the radia t ion on chemica l  bonds respon-  
sible for  the veloci ty  of the pa r t i cu l a r  p roce s s  occur r ing ;  acce le ra t ion  of po lymer iza t ion  [7], ac -  
ce le ra t ion  of expulsion of bonded water,  e tc .  

all  three  cases  the c r i t e r ion  of rad ia to r  eff iciency will be a m a x i m u m  in the percen tage  of energy In 
falling in p rede te rmined  spec t r a l  in te rva ls :  
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This  c r i t e r ion  c h a r a c t e r i z e s  the ability of a rad ia to r  to genera te  radiat ion in isolated spec t r a l  in t e r -  
vals ,  the signif icance of which is de te rmined  by the technological  p rocess  in question. Thus,  the rad ia to r  
eff iciency c r i t e r ion  is c lose in meaning to the coefficient of heat uti l ization ~hu [2]. The spec t ra l  ch a r ac -  
t e r i s t i c  of a rad ia to r  F(XT) for  s imple  r ad ia to r s  is exp re s sed  as a function of the r a d i a t o r ' s  b lackness ,  and 
for  a g r ay  rad ia to r  is equal to unity. The choice of range for  summat ion  (AX) is de te rmined  by the tech-  
nological c r i t e r i a  of inf rared  heating efficiency, which may be s imple  ( re la t ive t ime,  re la t ive  quantity of 
heat), or  complex (economic c r i t e r i a ,  complexes  of s imple  c r i t e r i a ,  etc.) .  

Consequently, despi te  the seeming  s impl ic i ty  of Eq. (1), to calculate the function it is n e c e s s a r y  to 
know the spec t r a l  function of the technological  c r i t e r ion  of p roce s s  efficiency, ~T = f(k) which is  not always 
s imple  to de te rmine  expe r imen ta l ly .  This  is due to the absence  of sufficiently powerful  in f ra red  radiat ion 
sources  capable of producing a flux densi ty  in na r row spec t ra l  in terva ls  equal to that of a po lychromat ic  
in tegral  source .  If the values  of the technological  c r i t e r ion  for  eff iciency va ry  in different  spec t r a l  ranges ,  
Eq. (1) becomes  more  compl ica ted  
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Radiation capability versus  
wavelength [4] for : l )  stainless steel; 
2) polished aluminum; 3) aluminum 

leaf. 
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where (~T)k = ~'o/YiR for (qe)Ak = q. 

Thus the radiator  efficiency cr i te r ion  is not s imply a cha r -  
acter is t ic  of the radiator,  but a value determining its suitability 
relative to a specific technological p rocess .  

We will examine the choice of a radiation source  for  the 
specific example of heating a thermotechnical ly  thin opaque ma-  
terial ,  whose heating is descr ibed by Stark ' s  formula.  In this 
case the heating time will be inversely  proport ional  to the cor -  
rected radiation coefficient, if the lat ter  does not change during 
the heating p rocess .  Therefore ,  as a f i rs t  approximation, as a 

technological criterion of IR heating efficiency one may take the relative corrected blackness. If this value 
changes during the heating process both the degree of blackness and the IR heating efficiency coefficient 
must be calculated as mean integral values. 

% _ eIR ( 2 )  
% = ~IR e0 

As a standard of blackness one may ehoose either the value usually taken for calculation in the gray  
approximation, or the value for a "gray" radiator  at fixed tempera ture .  A typical example of select ively 
absorbent  sur faces  is the unoxidized surface of a pure metal. The most charac te r i s t i e  spec t ra l  functions 
of blackness for severa l  representa t ives  of this class  are  shown in Fig. 1. It is evident f rom Fig. 1 
that the g rea tes t  degree of blackness occurs  in the visible and near - IR  range, and therefore  it is neces sa ry  
to attempt to increase  the portion of the energy in this spectra l  range [3], which implies the use of high- 
tempera ture  rad ia tors .  

A qualitative evaluation of the relative advantages of radia tors  with differing spectra l  cha rac te r i s t i c s  
can be conducted in our case with Eq. (2), having set the specific configuration and spec t ra l  data. 

The effective degree of blackness of a selectively adsorbent body is defined as the rat io of resul tant  
heated object flux to the total flux at a given radiation temperature  and heated object t empera ture :  

~'~176 % - 4 ~ 1 7 6  (3) 
~m = C~ - -  0') 

By total flux we understand the thermal  flux of radiation between "black" surfaces  of identical con- 
figuration. If we assume that the surface of the surrounding walls is incommensurably  g rea t e r  than the 
radia tor  surface,  and that the natural radiation of these walls may be neglected, a solution may be derived 
for the problem of heat t r ans fe r  between two infinite lamina. 

Such an assumption will be valid for a large difference between the tempera ture  of the radiator  and 
the radiation tempera ture .  In that case the result ing flux will be completely determined by the initial spec-  
tral  composit ion of the radia tor  and the spectral  proper t ies  of the object and walls. A schemat ic  d iagram 
is given in Fig. 2. The cor rec ted  radiation coefficients in this case will be mean integral values:  

~ o =  Z % 1 1 ~ ;  (4) 
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( 5 )  

An analogous express ion can be obtained for C~o. If Eqs.  

~]rad~ X ~b., 
h~ 

(1), (5) are  compared,  we can write 
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Fig. 2. Method of calculating emiss iv i ty ;  z >> l: 
1, T1) sur face  and t e m p e r a t u r e  of object heated; 
2, T s ) s u r f a c e  and t e m p e r a t u r e  of cooled sc reen ;  
3, T iR)su r face  and t e m p e r a t u r e  of i n f r a red  r a -  
d ia to rs ;  4, Tp) equivalent su r face  (2 + 3) and 
t e m p e r a t u r e  thereof .  

i .e . ,  the rad ia to r  efficiency c r i t e r ion  en ters  the 
technological  c r i t e r ion  as an analytic function and 
r equ i re s  no fur ther  calculat ion.  There fo re ,  c o m -  
pa r i son  of r ad ia to r s  of different  types and t e m p e r a -  
tures ,  consider ing the smooth c h a r a c t e r  of the spec -  
t r a l  curves  of Fig. 1, may  be p e r f o r m e d  by the tech-  
nological eff iciency c r i t e r i a ,  i .e. ,  by Eq. (2). 

As an i l lus t ra t ion  we will examine the p rac t i ca l  
case  of choosing a radiat ion source  for  heating of an 
a luminum leaf under deformat ion  (400-450~ in a 
chambe r  with walls of polished a luminum. The 
spec t r a l  curves  for  these m a t e r i a l s  a re  given in 
Fig. 1. For  compar i son  the eff iciency c r i t e r i a  for  
different  rad ia to r  t e m p e r a t u r e s  a re  calculated at 
constant  radiat ion t e m p e r a t u r e .  The resu l t s  of ca l -  
culating technological  eff iciency c r i t e r i a  as functions 

of the t e m p e r a t u r e  of a "gray"  r ad ia to r  a re  p resen ted  in Fig. 3. The spec t ra l  composi t ion of the radia t ion 
is de te rmined  by the function F(XT) a n d  the cha rac t e r i s t i c  t e m p e r a t u r e  by means  of the Planck function in 
accordance  with Eq.  (5). 

For  a "gray"  rad ia to r  F(IT)  = 1, and the spec t r a l  composi t ion of the radiat ion is de te rmined  sole ly  by 
the Planck function for  the t e m p e r a t u r e  of the radiat ing su r face .  However,  as Fig. 3 shows, even in this 
case  the efficiency of using a high t e m p e r a t u r e  rad ia to r  can be quite high (up to 10 for  Tp = 450~ and T 1 
= 400~ 

The effect  of nongrayness  in the original  spec t r a l  composi t ion of the radiat ion,  i .e.,  F(kT), may be 
evaluated by use  of a s implif ied model of the spec t ra l  composi t ion of xenon lamp radiat ion.  A cooled cyl in-  
d r ica l  xenon lamp has a spec t r a l  composi t ion in the v is ib le  port ion of the spec t rum which co r responds  to a 
b r igh tness  t empe ra tu r e  of about 6000~ The cooling water  absorbs  the ent i re  longwave port ion of the 
spec t rum (~ > 1.5 p). Consequently, one may expect g r e a t e r  eff iciency than with a g ray  radia tor ,  s ince 
a la rge  port ion of the original  energy  occurs  in a spec t ra l  range with high values of absorpt ion  coefficient .  

In fact,  calculat ion by Eq. (2) for the s ame  conditions gives a value ~T > 20. However,  it must  be 
noted that in this case  Eq. (2) ceases  to be the technological  eff ic iency c r i t e r ion  for  IR heating due to the 
la rge  (up to 60%) losses  in the cooling water .  T h e r e f o r e  one mus t  turn to an economic compar ison ,  which 
is poss ib le  only in a concre te  examinat ion of appara tus  of a given type. 

In conclusion, we will examine the choice of an IR source  in the case  where the technological c r i -  
t e r ion  defines only the summat ion  range in accordance  with E q. (1). 
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Fig. 3. IR heating eff iciency c r i t e r i a  for  aluminum: ve r su s  "gray"  rad ia to r  t e m -  
pe ra tu re :  1) Tp = 450~ 2) 650; 3) 750. 

Fig. 4. Eff ic iency c r i t e r i a  of "g ray"  rad ia t ior  for  var ious  spec t r a l  ranges :  1) 
3 .1 -6# ;  2) 1.8-3.1 ~; 3) 0.8-1.5 p. 
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We will a s s um e  that the radiat ion must  p e r f o r m  three  dist inct  p rocess ing  functions on the mate r ia l ,  
and that it is n e c e s s a r y  to ensure  a m a x i m u m  port ion of the radiat ion in the spec t r a l  ranges  3.1-6, 1.8-3.1, 
and 0.8-1.5 p, respec t ive ly ,  for  each of the three  p r o c e s s e s .  We assume,  as in the preceding  case ,  that 
the spec t r a l  composi t ion of the radiat ion is de te rmined  solely by the rad ia to r  t e m p e r a t u r e  [6], i .e. ,  the 
Planck function in accordance  with Eq. (5). The value of the numera to r  for  F(kT) = 1 is mos t  conveniently 
de te rmined  f rom the tables  of [5]. The resu l t s  of calculat ion a re  p resen ted  in Fig. 4, f rom which it fol-  
lows that, even for  coa r s e  division of spec t r a l  ranges  the eff iciency c r i t e r ion  ~?rad = ~?k sharp ly  d i f fe ren-  
t iates r ad ia to r s  as to application.  All other conditions being equal, the eff iciency of a r ad ia to r  of the TI~N 
type for  the f i r s t  p r o c e s s  is 4-5 t imes  as high as a h igh - t empe ra tu r e  r ad ia to r .  Anopposi te  conclusion eould 
be drawn for  the second and third p r o c e s s e s  of in f ra red  drying.  

It follows f rom the above that, incons ide ra t ion  of the complexi ty  of the IR absorpt ion  s p e c t r u m  of the 
ma jo r i t y  of organic ma te r i a l s ,  the impor tance  of co r r ec t l y  determining rad ia to r  eff iciency coeff icients  in- 
c r e a s e s .  

It also follows that attention mus t  be d i rec ted  to the lack of knowledge of the function F(kT) for  the 
ma jo r i t y  of industr ia l  radia t ion sources  [6]. 

T 
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NOTATION 

is the t empe ra tu r e ;  
a re  the eff iciency coefficients:  technological ,  rad ia tor ,  heat uti l ization, 
spec t r a l  range, technological  spec t ra l ;  
is the Bol tzmann constant;  
is the c o r r e c t e d  radiat ion coefficient  of sys t em;  
is the Planck function; 
a r e  the effective degree  of blackness  or  emiss iv i ty  in IR heat ing and in the 
"gray"  approximat ion;  
is the heating t ime for  in f ra red  heating and in the "g ray"  approximat ion;  
is the spec t r a l  emiss iv i ty  of ma te r i a l ;  
is the spec t r a l  absorpt ion capabil i ty;  
is the incident (absorbed) radiant  flux; 
is the useful port ion of incident (absorbed) flux; 
is the corr 'ected t empe ra tu r e .  

S u b s c r i p t s  a n d  S u p e r s c  

' " and 1,2 

r i p t s  

denote the bodies as indicated in Fig. 2. 
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