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The quantity e0, which has the meaning of the f rac t ion  of b lack  radia t ion  intensi ty c o r r e -  
sponding to the s pec t rum  of su r face  radia t ion of a gas body, is invest igated.  

The gas volume in cham be r s  is a s sumed  i so the rma l  with effect ive t e m p e r a t u r e  T in approx imate  
computat ions of heat  exchange by radiation. In the s imp le s t  case  of a gas in a g rey  shell ,  the hea t - ex -  
change computat ion is  ca r r i ed  out by exact  fo rmulas  [1]. These  fo rmulas  have been s implif ied somewhat  
in [2] because  of regrouping of t e r m s .  In the cases  of a mult izone g rey  shell ,  a nongrey shell ,  gas  turbidity,  
and others ,  the computat ion should be ca r r i ed  out over  the spec t rum bands using the band models .  But 
because  of  the rough approximat ion  due to the introduction of the effect ive t empe ra tu r e ,  this complex path 
may  turn out to be i l logical.  A s imple  method consis t ing of combining the bands and ex t rac t ing  the "win- 
dows" of the spec t rum  is  recommended .  The need for  the radia t ion cha rac t e r i s t i c  a 0 or ig inates  here .  The 
quantity e0 has  the meaning of the f rac t ion  of black rad ia t ion  power cor responding  to the spec t rum of s u r -  
face  radia t ion of a gas  body. The dif ference 1 ,  ~0 e x p r e s s e s  the radia t ion intensi ty in the windows of the 
spec t rum.  The t r a n s m i s s i v i t y  of a gas  for  a beam with a black spec t rum at the s a m e  t e m p e r a t u r e  is 

D = I --e(x,  T) = coD o -}- 1 - - e  o. (1) 

The introduction of the quantity ~0 pe rmi t s  taking account  of radia t ion  in the bands and windows of the 
s pec t rum sepa ra t e ly  by means  of the optical  constants  ave raged  in each par t  of the spec t rum.  Quite dif-  
fe ren t  quanti t ies a r e  used in the l i t e ra tu re  as  %. The bes t  known is the quantity e~o called the degree  of 
b lackness  of an infinitely thick gas,  introduced by Shak. Let  us show that  the values  of ~o in the l i t e r a -  
tu re  a r e  fa r  f r o m  the r e a l  va lues ,  which a r e  quite c lose  to one, and then in any case  the quantity e~o does 
not cor respond  to the designat ion ~0. We provide all the i l lus t ra t ions  for  the case  of ca rbon  dioxide gas.  

Let  us consider  the formula  for  the degree  of b lackness  of CO 2 der ived by Shak by means  of th ree  
spec t rum band p a r a m e t e r s  [3]. Up to now this fo rmula  should be considered mos t  exact  for  0 < x _ 0.4 mat  
[4]. F r o m  the fo rmula  for  x ~ oo there  is obtained 

e| = 1.1630 (Kol A- Ko, A- Ks)/oT', 

where  

o = 5.77.10 -s  W/m z. deg4; K0~ = q0~ i A~.ej; 

q0x i = 3,17. t 0 s ),~-s 
(1"43 .10 . )_1  ; 

e x p .  i T 

( ALe1= AL.(1 +0,026 1-~0); A~,e2= h ~  1 +0,031 t ," 

hkes --'-- A)~s. 

Values of hj and AXj a r e  given in Table 1. Shak he re  incorpora ted  the "ze ro"  2.05 p band in the band 1. The 
adjacent  weak bands were  a lso  adjoined to the bands 2 and 3. As the gas  th ickness  i n c r e a s e s ,  the weak 
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TABLE 1. P a r a m e t e r s  of 
the Spectrum Bands for 
Computation of the Quanti-  
t ies e~,l  by the Shak F o r -  
mula 

i xi, p axi, t~ 

2,7 0,30 
4,3 0,412 

15,0 4,6 

TABLE 2. P a r a m e t e r s  of 
the Spectrum Bands for  
Computation of the Quantity 
e%2 by Four Bands 

2,05 0,21 
2,7 0,27 
4,3 0,412 

16,0 4,6 

bands become s t rong and should be taken into account separately.  As the 2.05 p band is extracted, the 
computation of e~,2 is ca r r ied  out by a f o u r - t e r m  formula  with the pa ramete r s  indicated in Table 2. Ex-  
t ract ion of the band as x increases  can be continued. However, this means is meaningless since the band 
contours in the spec t rum of gas surface radiation gradually diffuse, the bands overlap, and the windows 
vanish. The quantities er162 obtained by extrapolating the function c(x) on a VTI nomogram a re  used in the 
Soviet l i terature.  The quantities e~,i  obtained by diverse  methods a re  compiled in the sketch. Let  us add 
that one value er = 0.23 was taken in [2] for  the 0 < t < 1600~ tempera ture  band. Despite the discrepancy,  
these data could be used as empir ical  since the actual value of ~r162 which is close to one, is useless .  How- 
ever~ there  is another defect. The quantities er162 depend only on the tempera ture  while the charac te r i s t i c  
e0 should have a strong dependence on thebeam length. For  example, for t = 800~ it var ies  between 0.039 
and 1. Indeed, the degree of blackness in thin layers  (x = 0.03 mat) is determined by the one band 4.3 p 
in practice.  The optical constants should be extracted at 4.3 p in computing the ref lect ion and scat ter ing 
in the gas spectrum. But as the gas thickness increases  the weak bands a re  strengthened, their  cont r i -  
bution to the radiat ion on the gas surface increases ,  and the quantity e0 also increases  correspondingly,  
but the optical constants should be averaged over all the s trong bands. 

The quantity ~ is avoided in [5], but ~x and Dx, with the l i teral  definitions given above for ~0 and Do, 
a re  introduced, respect ively.  The formulas  

e:, = e2 (x)l[2e (x) --  e (2x)]; D~ = 1 - -  ~ (x)lex 

are  recommended;  or  wri t ten differently 

D~ = ~ (2x) - -  ~ (x) , (2) 
(x) 

~:, = e (x)](1 - -  Dx). (3) 

Formula  (2) yields a simple meaning for the quantity D x. Let us compare  two adjacent sections with identi-  
cal thickness x. A beam having its source  in section 1 passes through section 2. The quantity D x is the 
t ransmiss iv i ty  of sect ion 2 for  the beam with spec t rum on the boundary of section 1. F rom (3) we obtain 
~x = ao2/al2, where a02 is the absorptivi ty of section 2 with respec t  to the black beam, and al2 is the same 
for the radiat ion of sect ion 1. The select ion of (2) has not sufficient foundation. It is logical that Dx de-  
scr ibes  the t ransmiss iv i ty  of a section of length x. The select ion of a section of gas as the beam source  
is logical, but the thickness of the section 1 governing the beam spect rum has no r igorous  foundation. In 
determining ex and D x Hottel admits  even other pairs  of values, e(x) and ~(3x), say, which determine ~x 
by more  complex formulas .  In place of ex in [6, 7], the quantity e ,  is used with the distinction that the 
section 1 is assumed elementary.  Then 

D, = aT' c)e/Ox; ao = (Os/Ox)~=o; e, = el(1 - -  D,). (4) 

Formulas  (1) and (3) r emain  unchanged. Using the quantity e ,  just as the quantity gx has no s t r ic t  founda- 
tion, but both quantities correspond to the proper t ies  of the charac te r i s t i c  e0 while the quantity e~ does 
not sustain criticism. 

Let us turn to an interpretation of the quantity ~0 on the basis of a spectrum model. Using discrete 
values of the Planck function (J0j) for the centers of the bands, the degree of blackness is 

e (x ,T)=  a T ' ~ ~ ,  d~ ~ e~dr176 s ~ = l - e x p ( - ~ ~  (5) 

I 4 o  
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Fig. 1. Degree of b lackness  of 
an infinitely thick gass  according  
to different  sources  (t, ~ 1) 
e:r according to Shak, taking a 
account of three  bands including 
adjacent  weak bands; 2) e~,2, a c -  
cording to Shak, taking account  
of four spec t rum bands;  3) ~ , 3 ,  
values  used in the Soviet l i t e r a -  
ture.  

Then the in tegral  in (5) becomes  

Following Shak, let us r e a r r a n g e  the e l emen ta ry  in te rva ls  of the 
wave numbers  so that the absorp t ion  coefficient  will va ry  mono-  
tonically. Let  us a s s u m e  that  the contour obtained is descr ibed  by 
an exponential law 

ct~ = % exp (--B~); ~ = l o - -  o01. 

The in tegra l  in (5) is reduced to 

y %dco ---= AjA%; Aj ---- 0.577216 + ln%x + E 1 (%x). 

More exact spec t rum models  yield other fo rmulas  for the quantity 
Aj. However,  i t  is imposs ib le  to obtain fo rmulas  for  the c h a r a c -  
t e r i s t i c  % of in te res t  to us t h e r e f r o m  since these models  r e f e r  to 
the function ~w (w) descr ib ing volume radia t ion direct ly ,  while the 
quantity ~0 desc r ibes  the su r face  radia t ion of the gas body. The 
s pec t rum on the sur face  bounding the volume should be examined.  
In cont ras t  to A~j,  its bandwidth will depend on the optical  th ick-  
ness  of the gas as well as  on e ther  p a r a m e t e r s  A~Oej(X , T, P, p). 
Let  us a s s u m e  that the function e~o @) v a r i e s  according  to the s y m -  
m e t r i c  exponential  law 

8o) = ~wo exp (--  b~,) .  

r 

d,0 = 2 y 8o0 exp ( -  = % Aooj. 
A ~  i 0 

The fo rmula  for  the cha r ac t e r i s t i c  % is obtained under the condition of total  absorp t ion  at the cen te r s  of 
the bands,  i .e. ,  eco ~ = 1: 

(x, T) = n 8 0 (~T4 JoiAa)ef (6) 
i 

The other band contours  reduce  to the s ame  formula  but with other values  for  the effect ive bandwidth. The 
actual  contour is unknown and it is quite difficult to find it, even more  so since it depends on p a r a m e t e r s .  

Formula  (6) yie lds  a s imple  in te rpre ta t ion  of the cha rac t e r i s t i c  e0 because  of the c lar i ty  of the con- 
cept of effect ive bandwidth. However,  it is quite difficult to find the function ACOej(X , T, P, p), hence (6) 
does not solve the problem.  The difficulties descr ibed  in de termining the quantity e0 a r e  explained by the 
nature  of the spec t rum itself .  Str ic t ly  speaking, there  a r e  no "windows" in a spec t rum;  their  ext rac t ion  
to s impl i fy  the computat ion is admiss ib le  as an approximat ion.  The cha rac t e r i s t i c  e0 is,  correspondingly ,  
a l so  approximate .  The ex t r em e  values  of %, the min imum and maximum,  a r e  known. The in te rmedia te  
values  of the function %(x) at  a given t e m p e r a t u r e  should be ref ined by compar ing  the exact  and app rox i -  
ma te  solutions of a s imple  problem.  

In conclusion, let  us note that all  the re la t ionships  have been wr i t ten  down for  equal t e m p e r a t u r e s  of 
a black emi t t e r  (To) and of the gas. If the t e m p e r a t u r e s  a r e  not equal, or the s p e c t r u m  of the beam e n t e r -  
ing the gas is not black,  then the absorp t iv i ty  a {x, T, To) should be used throughout in place of the degree  
of blackness .  

x = y p d /  

P 

T = t  +273 ,~  
To 
X 
~(x, T) 

N O T A T I O N  

is the beam length r e f e r r e d  to the par t ia l  p r e s s u r e  p; 

is the total  p r e s s u r e ;  
is the effect ive gas  t empera tu re ;  
is the t e m p e r a t u r e  of the b lack  source;  
is the wavelength; 
is the degree  of b lackness ;  
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t 0 
D 
DO, Dx, D, 

~o)~ (mat)-I 

J0j 
c0, cm-1 
Aco 
ACOej 
A2,ej 
b, ]3 

~7oj = 2 / m  
= lco - ~ 0 1 ;  

coo 

E 1 (u) = 

is the des i red  cha rac te r i s t i c ;  
is the gas t r ansmiss iv i ty  for  a black beam; 
a re  the same for beams of the par ts  t0, ex, e ,  of the black body spect rum;  
is the degree  of blackness of an infinitely thick gas for  various sources ;  
is the spec t ra l  absorpt ion coefficient;  
is the spec t ra l  degree  of blackness;  
is the Planck 's  function for the center  of band j on the wavenumber scale;  
is the wave number;  
is the bandwidth in the volume radiat ion spectrum; 
is the effective bandwidth in the sur face  radiat ion spectrum; 
is the same on the wavelength scale;  
a r e  the coefficients  with a length dimensionali ty;  
is the mean absorpt ion in the interval  ACOj; 

is the center  of the band; 

i r 1 exp (-u~')d~'. 
1 
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