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Resu l t s  a r e  given on the effect ive t h e r m a l  conductivity of  loosely  packed f ibrous  m a t e r i a l  
in r e l a t ion  to opt ica l  densi ty  in the case  of r ad ia t ive  heat  t r anspor t .  

Th i s  study is  a continuation of expe r imen t s  on rad ia t ive  heat  t r a n s f e r  in opt ical ly  thin l a y e r s ;  r e -  
sul ts  have �9 given [1] on rad ia t ive  heat  t r a n s p o r t  under  conditions c lose  to equi l ibr ium for  sma l l  heat  
f luxes.  H e r e  we p r e s e n t  r e s u l t s  p e r f o r m e d  ove r  a wide t e m p e r a t u r e  range  us ing  loosely  packed f iber  a t  
t e m p e r a t u r e s  up to 1000*C. The  m e a s u r e m e n t s  we re  done a t  p r e s s u r e s  of 10-4-10 -5 m m  Hg, which r e n -  
de red  negligible all c aus e s  of heat  t r a n s p o r t  apa r t  f rom radia t ion ,  while providing rad ia t ive  equi l ibr ium.  
The s i l i c a  f iber  was  of d i a m e t e r  8 - 1 0 p .  The opt ical  density was m e a s u r e d  by va ry ing  the amount  of 
m a t e r i a l  in the ins t rument .  

The m e a s u r e m e n t s  w e r e  made  by the c l a s s i ca l  sheet  method under  s t a t ionary  hea t - f lux  conditions.  
The effect ive t h e r m a l  conductivity was  m e a s u r e d  with two equipments :  with an e l ec t r i ca l  c a l o r i m e t e r  [1] 
(range 300-500"K) and with a wa t e r  one (range 500-8000K). 

The  effect ive  t he rma l  conductivity was ca lcula ted  f r o m  

QL (1) 
AAr = 

F A T  

The reduced  deg ree  of b lackness  was ca lcula ted  f r o m  the re la t ionships  for  unbounded p la tes  using 
the heat  f luxes de te rmined  in the absence  of the spec imen:  

Q (2) 
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The m a x i m u m  e r r o r  in de te rmin ing  the effect ive t h e r m a l  conductivi ty with the wa te r  c a l o r i m e t e r  was 10%. 
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Fig.  1. Effect ive  t he rma l  conductivity of an opt ical ly dense 
l a y e r  of s i l i ca  f iber  of  bUlk densi ty T = 80 k g / m  'a as  a func- 
t ion of T3: 1) t h ree  spec imens  with optical  densi t ies  > 100; 
2) T = 6.75; 3) 9.43; 4) 18.3; 5) 25.9; 6) 42.9; 7) 73.4 [2-7 
de r ived  f r o m  (5)]~ 
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Fig.  2. Ratio of t he rma l  conductivi t ies  for  
opt ical ly  thin and optical ly dense l a y e r s  of  
s i l i ca  f iber  of bulk densi ty  3~ = 80 k g / m  ~ as  a 
function of optical  densi ty  of l aye r .  The curve  

�9 has  been c a l c u l a t e d f r o m  (5); 1) Tav  = 430~ 2) 
500*K; 3) 550"K; 4) 600*K; 5i 700"K~;~6) 8!X)~ 
ere  ~ 0.37. 

The ave rage  value was  e r e  ~ 0.37 within the l imi t s  of e r r o r  of e x p e r i m e n t  within the above t e m p e r a -  
tu re  r anges .  

We m e a s u r e d  the rad ia t ive  heat  t r a n s f e r  for  an opt ical ly  dense l aye r  and used the following fo rmula  
[1, 2]: 

A =  16 ~T~i ,. (a) 
3 

to examine  the photon mean  f ree  path as  a function of t e m p e r a t u r e .  We found that  this was independent of 
t e m p e r a t u r e  and was  0.53/~. 

F igure  1 shows the effect ive t h e r m a l  conductivity of an opt ical ly  dense l aye r  as  a function of the cube 
of the t e m p e r a t u r e .  I t  a lso gives the ca lcula ted  r e su l t s  for  an opt ical ly dense l a y e r  based  on the e x p e r i -  
menta l  data for  the t h e r m a l  conductivi ty of  a l aye r  of low optical  densi ty.  The f igures  have been calcula ted 
via  a fo rmula  appl icable  to r ad ia t ive  hea t  t r a n s f e r  in a g ray  medium with diffusing boundary  su r f aces  under  
conditions of local  t he rmodynamic  equi l ibr ium and rad ia t ive  equi l ibr ium [1]: 

1 
A = (4) 
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Figure  2 shows A r / A  = f ( r ) ,  which indicates  that  the ra t io  of  the t he rma l  conduct ivi t ies  of opt ical ly  
thin and opt ical ly  thick l a y e r s  is independent of t e m p e r a t u r e  over  the range  used. This  re la t ionsh ip  is 
un iversa l  for  a va r i e t y  of m a t e r i a l s  [1]. The exper imenta l  r e su l t s  show that  the effect ive the rma l  con-  
duct ivi ty of an opt ical ly  thin l aye r  is d i rec t ly  propor t iona l  to the cube of the m e a n  t e m p e r a t u r e  in "K. 

The values  given in the f igures  we re  calcula ted with co r r ec t i on  for  the t e m p e r a t u r e  gradient  in the 
l aye r :  

A = AnT (5) 
(AT) 

The c o r r e c t i o n  was  introduced because  the d i f ference  in t e m p e r a t u r e  between the hot and cold su r f aces  
r o s e  to 1000~ in the high t e m p e r a t u r e  t es t s .  The co r r ec t i on  was calcula ted f rom the following fo rmula  

[31: 

( A T )  ~ (6) q ( A T ) - l :  _~- . 

These  expe r imen ta l  r e s u l t s  show that  the g ray  diffusely rad ia t ing  and re f lec t ing  su r f ace s  around a 
thin l aye r  of f ibrous  m a t e r i a l  can be incorpora ted  as r e g a r d s  thei r  effect  on the t r a n s f e r  via (4) for  a wide 
range  of t e m p e r a t u r e s ,  and one can use the co r r ec t i on  of (6) even though the rad ia t ive  heat  t r a n s p o r t  r a t e  

is high. 

N O T A T I O N  
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is the heat  power ,  W; 
a r e  the rad ia t ive  t h e r m a l  conductivi ty of opt ical ly  dense l aye r ,  effect ive t he rma l  con-  
ductivi ty of opt ical ly  thin l a y e r ,  and m e a s u r e d  effect ive t he rma l  conductivity,  W / m .  deg; 
is  the geome t r i ca l  th ickness  of  f iber  l a y e r ,  m ;  
is  the working su r f ace  a r e a  of ins t rument ,  m2; 
a r e  the t e m p e r a t u r e s  ofbotmdary  s u r f a c e s ,  m e a n  t e m p e r a t u r e  of l aye r ,  t e m p e r a t u r e  
drop  in spec imen ,  *K; 
is  the reduced  e m i s s i v i t y  of ins t rument ;  
is  the Stefan ' s  bulk constant ,  W / m  2.  dega; 
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T = L / 7  
is the photon mean free path, m; 
is the optical density; 
is the volume density of samples,  kg/mS; 
is the correction for temperature drop in layer,  

lo 
2. 
3. 
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