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A method is presented for determining the primary thermal radiation coefficients for a layer 
of dissipating and absorbing material .  The capacities computed for layers of different thick- 
ness by using these coeff, cients are in good agreement with experimental measurements.  

Data about the radiative (thermal radiation) characteristics of the materials participating in the heat 
exchange are needed for computations of radiant t ransfer .  Since many materials are selectively absorbing 
and dissipating, then not taking these factors into account in the computations results in substantial errors  
[1, 2]. The spectral thermal radiation characteristics of the materials under consideration (Tx, Rk, A)., 
ex) do not explicitly reflect the appropriate physical properties since they depend on the geometric dimen- 
sions of the bodies (in particular, the layer thickness) and characterize them by using primary constants 
[3], which might be the absorption and scattering coefficients of an elementary layer (kx and sx). Having 
data available on the primary optical constants, the spectral thermal radiat ioncharacteris t ics  of materials 
of any thickness, the distribution of the spectral radiation fluxes within the layer,  etc. ,  can be obtained by 
computations. Knowledge of the primary material characteristics also permits computation of the semi- 
transparent layer  thickness, say, which is required so that it would have a definite, previously assigned, 
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Fig. 1. Optical diagram of an IR spectrometer to mea- 
sure the hemispherical capacity of dissipating materials: 
1) radiation detector; 2) specimen; 3) hemispherical 
mirror ;  ~t, 6) flat mirrors ;  5) spherical mirror ;  7) modu- 
lator; 8-15) optical elements of an IKS-12 type spectro- 
meter .  
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F ig .  2. Dependence of the measu red  t r ansmis s ion  T ~  eas  on the t rue  
t r a n s m i s s i o n  Tst  fo r  the s tandards  (wire grid). 

F ig .  3. Dependence of the hemispher ica l  t r ansmis s ion  of wood (pine) 
(curve a) on the d imensionless  pa rame te r /~ l  (X = 0.91 U) and de-  
pendence of the fac tor  El (b) on the l ay e r  thickness  l (mm). 

value of T, R, A and e for  a given wavelength ~, or  within any spec t rum band AX. Moreover ,  such data a re  
needed for  the solution of complex radiation heat exchange p rob lems .  

A considerable  number  of papers  a r e  devoted to theore t i ca l  investigations of radiat ion t r a n s f e r  in d i s -  
sipating and absorbing media .  The method of the two-flux approximation,  worked out and developed in [4- 
8] and o thers  has become especia l ly  widespread.  Solutions for  the l aye r  of a cap i l la ry-porous  b o d y a r e  p r e -  
sented in [9-11] the basis  of the most  widely used fo rm of the two-constant  sys tem of equations.  The authors  
have proposed two methods for  determining the internal  optical constants kx and sk, where the f o r m e r  is 
based on an exper imenta l  determinat ion of the hemispher ica l  t he rma l  radiat ion coefficients  Rk, TX and RXoo, 
and the la t te r  is de termined by the graphical  solution of t ranscendenta l  re la t ionships .  In p rac t ice ,  the 
rea l iza t ion  of the mentioned methods is governed in the f i r s t  case  by the complexity of el iminating the in- 
s t rumenta l  e r r o r  in measu remen t s  of t h ree  d ive rse  quantit ies,  and in the second by its being t i m e - c o n s u m -  
ing. 

We use  the general  solution of the known, initial two-constant  sys tem of equations [4-9] in the form 
proposed  in [12]: 

I+ = A, (1 - -  a) exp (~x) -~- Az (1 .- ~) exp (-- 13:c), (1) 

I_ = A~(1 ~z) exp (13x) § A= (i - -  a) exp (--  ~x), (2) 

to find the p r i m a r y  optical cha rac t e r i s t i c s  of a dissipat ing and absorbing l aye r ,  where A s and A 2 a re  in-  
t egra t ion  constants .  

T h e r e  a re  new constants ~ and ~ in this  solution which a re  re la ted  uniquely to the initial constants ,  
the absorpt ion k and "back" - sca t t e r ing  s coeff icients  of an e lementa ry  l ay e r .  There fo re ,  if the pa i r  of con- 
s tants  ~ and ~ is determined,  then this is equivalent to determining the constants k and s since 

k ~  and S=  ~ (1--~2). (3) " 
2~ 

It has been shown in [12] that the constant B has the physical  meaning of a radiat ion attenuation fac tor  
during propagation within an absorbing and dissipating l ayer ,  and the quantity a is the optical constant of a 
l aye r  of unit th ickness .  

The boundary conditions fo r  the sys tem (1) and (2) a re  determined by select ing an appropr ia te  physical 
model  of the object under  investigation f rom the viewpoint of the rma l  radiat ion propagation there in .  Let  us 
a s s u m e  that a plane-paYallel l aye r  being investigated has no continuous interface between dissipating and 
non-diss ipat ing media .  In this  case  the ref lect ion f rom the in ter face  i tself  can be assumed ze ro  and the 
l aye r  ref lec t ion actually observed will be substantial ly spatial .  As analysis  has  shown, among such objects 
might be l a ye r s  of var ious  colloidal cap i l l a ry -porous  bodies (powdery compounds, e t c . ) .  
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In th is  case  the re la t ionships  
I~_-O).~-It and I(_ ~-t) = 0 (4) 

will be  the boundary conditions fo r  (1) and (2). 

Solving the sys tem (1) and (2) with (4) taken into account, we find express ions  for  the fluxes I+ and I_, 
a f te r  which an express ion  can be writ ten for  the hemispher ica l  t r ansmiss ion  coefficient of a l aye r  of th ick-  
n e s s  l : 

I~ ~l) 
�9 T t  =- I t  

., 2~ (5) 

1 (m2 + l) [exp ([~l) -- exp (-- [~l)] + cc [exp ([~l)+ exp (--[~/)] 
2 

Having wri t ten (5) fo r  two mater ia l  specimens of thickness It and 12, where 12 = 211~ we finally a r r i v e  
at the relat ionship 

exp (~ll) -i- exp (-- ~l~) = ( 1 +  -~0 ) T z (6) 

by manipulations which a r e  not presented  he r e  because  of awkwardness.  By using (6) one of the des i red  
constants ,  the attenuation factor/3k,  is eas i ly  determined (by means  of tables  of hyperbol ic  functions) if 
t he r e  exist  exper imenta l ly  measu red  hemispher ica l  t r ansmiss ion  coefficients  for  the two specimens of 
d i f ferent  th ickness .  The other  quantity des i red ,  the optical constant,  is determined f rom (5) which is an 
o rd ina ry  quadrat ic  equation in a)~. 

The authors  fabr ica ted a special  adapter  to  a s ingle-beam inf rared  spec t romete r ,  whose main e l e -  
ment  i s  a hemispher ica l  m i r r o r ,  to  de te rmine  the direct ional  hemispher ica l  capaci t ies  of dissipating 
m a t e r i a l s .  The  ins t rument  pe rmi t s  measu remen t  of the hemispher ica l  RX and TX in the the rma l  range 
of the spec t rum.  

Let  us  examine the operat ion of the ins t rument  mounted in a position to m easu re  TX (Fig. 1). Radia-  
t ion flux f rom the exit slit 8 of the monochromator  is focused on the sur face  of the specimen 2 by using a 
spher ica l  5 and flat 6 and 4 m i r r o r s .  The radiation which has passed through the specimen is collected by 
the hemisphere  3 at the radiat ion de tec tor  1. 

The use  of the hemispher ica l  m i r r o r ,  which col lects  radiat ion ref lec ted  by or  t ransmi t ted  through the 
specimen in a l a rge  solid angle reaching 27r, imposes  s t r ic t  const ra ints  on the select ion of the radiat ion 
de tec tor  [13]. This  l a t t e r  should have high sensi t ivi ty,  l a rge  size of the detecting area ,  and a l a rge  input 
ape r t u r e  (up to  2r) .  Meanwhile, as  a rule  the fabricat ion of a de tec tor  corresponding to the f i r s t  two con-  
s t ra in t s  is a difficult t ask  since the threshold response  of a major i ty  of de tec tor  types is inverse ly  p r o p o r -  
t ional  to the a rea  of the detect ing a rea  [14]. 

We s e l e c t e d  a pho to - r e s i s to r  based on lead sulfide and lead selenide as de tec tor .  The f o r m e r  p e r -  
mi t s  conducting measuremen t s  in the 0.8-3/~ range with high sensi t ivi ty,  while the domain of sa t i s fac tory  
response  of the second de tec tor  extends to  5 p.  

Radiation modulated at a 20 Hz frequencey,  which has passed through the specimen,  is incident on 
the de tec tor .  The var iab le  signal taken off f rom the de tec tor  was amplified by a se lect ive  mic rovo l tme te r  
B6-4 with a synchronized de tec tor .  In combination with the low noise,  the high de tec tor  response  pe rmi t s  
opera t ing with small  s l i ts ,  and t he re fo re ,  with great  resolut ion.  The slit width in the region of maximum 
r e s p o n s e  of the  Pb8 de tec tor  (2.7/~) was on the o rd e r  of 0.05 ram.  

The t r ansmiss ion  coefftclents  T?~ of a number  of metal  grids used as  t r ansmiss ion  s tandards (X = 2.5 ~) 
were  measu red  to  ver i fy  the l inear i ty  of the whole de tec t ing- record ing  sys tem of the ins t rument .  T r a n s -  
miss ion  coefficients  of the s tandards were  measured  to l%accu racy  at the same wavelength X on a UR-20 
in f ra red  spe c t rome te r ,  P resen ted  in Fig.  2 is a dependence of T ~  eas  on Tst ,  f rom which it iS seen that 
the  l inear i ty  of the de tec t ing- record ing  sys tem is conserved with sa t i s fac tory  accuracy .  

The ins t rument  descr ibed  permi t ted  ver i f icat ion of the relat ionships  presented  to de te rmine  the 
p r i m a r y  thermal  radiat ion cha rac t e r i s t i c s .  A typical  colloidal cap i l l a ry -porous  mate r ia l ,  wood, was 
taken as  the subject of investigation. The measured  values of the hemispher ica l  capaci t ies  a r e  presented  
as  a function of thickness  in Fig.  3 (curve a) and agree  well with data in the l i t e r a tu re  [9]. The specimens  
had the following th ickness / :  0.25; 0.5; 0.75 and 1.0 mm (the magnitude of /  was kept within 0.01 mm 
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accuracy). Also presented in Fig. 3 is the dependence of ~l on the Specimen thickness l. The linearity 
of this dependence indicates the constancy of the effective attenuation factor. The values of the constants 

and fl calculated by means of (12) and (8) afforded the possibility of constructing a computational depen- 
dence of the capacity of wood as a function of the dimensionless parameter (the optical thickness) fll �9 A 
computation of the curve {a)by means of (8) is in good agreement with the experimental values of the capa- 
city (Fig. 3). 

Therefore, in combination with the experimental method proposed the relationships presented afford 
the possibility of determining the primary thermal radiation characteristics of the semitransparent dis- 
sipating and absorbing materials under consideration in the thermal spectrum range comparatively simply 
and with the accuracy needed. 
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N O T A T I O N  

are the spectrum reflexivity, transmtssivity, and absorptivity, respectively, for a layer 
of thickness l; 
is the spectral radiativity of the material; 
are the spectral absorption and "back"-scattering coefficients for an elementary layer; 
are the radiation fluxes at depth x in positive and negative directions; 
is the incident flux at x = 0; 
are the optical constants for layer of unit thickness; 
is the spectral reflexivity of an optically infinitely dense layer .  
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