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Formulas connecting the emissivities of contiguous volumes and the 

coefficients of mutual radiative heat transfer between them ate 
obtained. The formulas carl be used in calculations of radiative heat 
transfer by zonal methods. 

DEFINITIONS 

The e m i s s i v i t y  of a r a d i a t i n g  vo lume  d e t e r m i n e s  
the r ad i a t i on  of the  vo lume.  T h e r e  a r e  loca l  e m i s -  
s i v i t i e s  ek  and an a v e r a g e  e m i s s i v i t y  e ove r  the v o l -  
ume.  They a r e  connected  by the r e l a t i o n s h i p  

e F  = ~ e k F k ,  (i) 

where F is the surface of the whole volume, and F k 
are the parts of the surface F corresponding to the 
emissivities e k. 

The amount of energy emitted by the surface of 
the volume is 

Q =eFE 0' (2) 

and that emitted by part of the surface is 

O~ = ~ &Eo. (3) 

The coef f ic ien t  of mutua l  r a d i a t i v e  hea t  t r a n s f e r  
be tween  the vo lumes  p and q in the  e a s e  of g r ay  e m i s -  
s ion [1] i s  

exp (-- kcx) dV v dVq. (4) 

The amount  of r a d i a n t  ene rgy  of the vo lume  p a b -  
s o r b e d  in vo lume  q is  

Q(p, q ) =  Hv_v(p, q)E o. (5) 

BASIC RELATIONSHIPS 

We c o n s i d e r  the  r a d i a t i o n  of two vo lumes  p and q 
cont iguous  ove r  a common  p lane  s u r f a c e  F0 and hav -  
ing f r e e  s u r f a c e s  F a  and Ffl (F ig .  1). The  r a d i a t i o n  
is  g ray .  

In the choice  of the  shape  of the  v o l u m e s  we in-  
t r oduce  the r e s t r i c t i o n  that  a s t r a i g h t  l ine  p a s s i n g  
th rough  the s u r f a c e  of con tac t  of the vo lumes  cuts  
each  f r e e  s u r f a c e  of the vo lumes  only in one point.  

In a c c o r d a n c e  with equa l i ty  (1), we w r i t e  

el, F,  = %r + ep, F o, 

~qFq ~- 8qf~F 8 2ff eooFo. (6) 

The r a d i a t i o n  of the  double  vo lume  is  m a d e  up of 
the r a d i a t i o n  of the  vo lume  p f r o m  the s u r f a c e  Fe~, 
the r a d i a t i o n  of the  vo lume  q f r o m  the s u r f a c e  F/~, 
and of p a r t  of  the  r a d i a t i o n  of each  of t h e s e  v o l u m e s  

(that p a r t  not a b s o r b e d  by the o the r  volume) f r o m  
t h e i r  common  su r face .  

The f i r s t  component  of the r ad i a t i on  is 

Q, = %~ F~Eo. 

The second  component  is  

q~ = %~ FoEo. 

The t h i r d  component  is  

q~ = [%0 Fo - -  t tv_ v (p, q)l Eo. 

The four th  component  is  

O~ -- 1%0 Fo - -  Hv_  v (p, q)] E0. 

The to ta l  r a d i a t i o n  of the double  vo lume  is 

+ epo Fo + %0 Fo - -  2Hv_ v (p, q)] Eo. (7) 

On the o the r  hand, we can  w r i t e  

Q = %+q F,§ Eo. (8) 

We equate  the  r i g h t  s i d e s  of e x p r e s s i o n s  (7) and 
(8), a f t e r  which we m a k e  a subs t i tu t ion  f r o m  equa-  
t ions  (6). We obta in  

ep+qFp+q=epFp +sqF o- -2H v _v (  p, q). (9) 

If the  r a d i a t i o n  f r o m  the f r e e  s u r f a c e s  of vo lumes  
p and q r e a c h e s  the  o t h e r  vo lume  the c o r r e s p o n d i n g  
amounts  of a b s o r b e d  ene rgy  should be  ignored  in the 
ca l cu l a t i on  of the  va lues  of HV_V( p, q). 

We now c o n s i d e r  t h r e e  ad j acen t  vo lumes ,  which we 
denote  by 1, 2, and 3 (Fig .  2). 

We wil l  c o n s i d e r  the  voIume 1 + 2 + 3 a s  a double  
vo lume  c o m p o s e d  of vo lume  1 + 2 and vo lume  3. We 
c o n s t r u c t  Eq. (9) for  i t  as  

el+~+3Fl+2+.~ = s,+2F~+ 2 + %F 3 - -  2Hv_v(1 + 2, 3). (10) 

Applying  Eq. (9) to the  double vo lume  1 + 2, we 
w r i t e  

el+~F~+ ~ =elF1 + %F,~--2Hv_v(1, 2). (11) 

According to the additivity rule, we can write 

Hv_ v (1 + 2, 3) = Hv_ v (1, 3) + Hv_ v (2, 3). (12) 

From Eqs. (10)-(12) we obtain 

e1+2+3 FI+~ +8 = el F1 + s2 F2 ,-r ea F3 - -  

- -2 [Hv_v ( i ,  2 )+H v _v (1 ,  3 )+H v_v(2 ,  3)]. (13) 
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In a s i m i l a r  way we can find the product  s F  for  
four or  more  contiguous volumes .  For  an a r b i t r a r y  
number  of vo lumes  we obtain 

i=n i~n-- I  k=n--i 

COROLLARY 

We wri te  fo rmula  (9) for volumes  2 and 3 

%+aFe+.~ = e2F~ 2r- esF~ --2Hv_v(2, 3). (15) 

From formulas (13), (ii), and (15) we can obtain 

Hv_ v (I, 3) = 
1 

= - -  (el+~ F~+~ + e~+a F2+a --e~+2+~ F1+~+3-- % F2)- (16) 
2 

EXTENSION TO THE CASE OF SELECTIVE RA- 
DIATION 

The obtained r e l a t ionsh ips  were  der ived  for  gray 
radiat ion.  They a re  also appl icable  to monochromat i c  
radiat ion.  We will show that for  i so the rmic  sy s t e ms  
they a re  val id  even when the e m i s s i o n  is not gray. 

Fig. i. Diagram of two contiguous 
radiating volumes. 

The emissivity for nongray radiation [i] is 

r 

e = t" e~ E0~ d ~/% T 4. (17) 
0 

The coeff ic ient  of mutua l  r ad ia t ive  heat  t r a n s f e r  
between the vo lumes  is 

tfv-v(P' q) = i Hv-v'~" (p' q)E~ (18) 
0 

We wri te  Eq. (9) for  an e l e m e n t a r y  band of the 
spec t rum of th ickness  dX. We mul t ip ly  it by Eoxd~ and 
in tegra te  over  the whole spec t rum:  

Fp+q ep+q.~ Eo~ d ~ = Fp ep~ Eo~ d ~ + 
o 

-I;-Fq~ eo~Eoxd~,--2 ~ Hv_v,x(p, q)dX. (19) 
0 0 

Fig.  2. D iagram of t h r e e  adjacent  r a d i -  
at ing vo lumes .  

Subst i tut ing in exp res s ion  (19) for  the in t eg ra l s  
f rom Eqs. (17) and (18) and dividing by ~0T 4 we obtain 

ep+qFp+q=%Fp-q:- eoFr q). (20) 

This equation is the same as Eq. (9), but it is not 

restricted to gray or monochromatic emission and 

can be used in the case of selective emission also. 

In a similar way we can show the validity of the 

other formulas for selective emission. 

The obtained relationships can be used in calcula- 

tions of radiative heat transfer between volumes. 

NOTATION 

E = ~0T 4 is the densi ty  of g ray  emiss ion ,  ep, eq, 
e l , . . ,  a r e  the e m i s s i v i t i e s  of vo lumes  p, q, 1 .... ep+q, 
51+ 2 , 51+2+ 3 . . . .  a r e  the e m i s s i v i t i e s  of vo lumes  c o m -  
posed of pa r t s  p and q, l a n d 2 ,  1, 2, and 3, e tc . ,  

ep0, epcz, eq0, eqp . . . .  a r e  the local  e m i s s i v i t i e s  of 
vo lumes  p and q on su r faces  F0, F~ ,  and Ffl, HV_V(p, 
q), HV_V(1 , 2), and HV_V(1 + 2, 3) a re  the coef-  
f ic ien ts  of mutua l  rad ia t ive  heat  t r a n s f e r  for vo lumes  
p and q, vo lumes  1 and 2, a vo lume composed of 
pa r t s  l a n d 2  and volume 3, and so on, k i s t h e  ab-  
sorpt ion  coeff ic ient  of the medium,  kp and kq a r e  the 
absorption coefficients for elementary volumes dVp 

I 

' 'J and dVq, r  kdx is the m e a n  absorp t ion  co-  

0 
eff icient  of the m e d i u m  over  path of the ray.  The 
subsc r ip t  X denotes that the p a r t i c u l a r  quant i ty  r e -  
la tes  to an inf in i te ly  smal l  reg ion  of the spec t rum de-  
f ined by the wavelength ?,. 
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