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An instrument with a radiation receiver based on a compensation 

pyrheliometer has been used to determine the optical coefficients of 

textile fabrics of various structures and colors. 

To s tudy the  p r o c e s s e s  of r a d i a t i v e  hea t  exchange  
a s s o c i a t e d  with  the  hea t ing  of thin f i b e r  m a t e r i a l s  
such  as  t e x t i l e s  by the s u n ' s  r a y s ,  i t  i s  n e c e s s a r y  to 
m a k e  an e x p e r i m e n t a l  d e t e r m i n a t i o n  of the  r e f l e c t a n c e ,  
a b s o r p t a n c e ,  and t r a n s m i t t a n c e .  

In th i s  case ,  two poin ts  d e s e r v e  s p e c i a l  a t ten t ion :  
f i r s t ,  the b r o a d  s p e c t r a l  compos i t i on  of the s o l a r  
r a d i a t i o n  at  the  e a r t h ' s  s u r f a c e  with a c o n s i d e r a b l e  
f r a c t i o n  (46-69%) in the  i n f r a r e d  [1] and,  second,  the  
d i f fuse  c h a r a c t e r  of the  s c a t t e r i n g  and e m i s s i o n  of 
f ib rous  m a t e r i a l s  having  a rough s u r f a c e .  

Under  t hese  condi t ions  the c a l o r i m e t r i c  method i s  
b e s t  fo r  m e a s u r i n g  the r a d i a n t  ene rgy .  This  method  
is  c h a r a c t e r i z e d  by i t s  n o n s e l e c t i v i t y  and the  good 
l i n e a r i t y  of the r e a d i n g s ,  which accounts  fo r  i t s  p r e v -  
a l ence  in connect ion  with  a c t i n o m e t r i c  m e a s u r e m e n t s  
of shor twave  in t eg ra l  f luxes .  

G r i g o r ' e v  and F o m i c h e v  [2 ] have deve loped  a method  
of d e t e r m i n i n g  the op t i ca l  coef f i c ien t s  tha t  e mp loys  
the Sav inov -Yan i shevsk i i  t h e r m o e l e c t r i c  a c t i n o m e t e r  
a s  the  r a d i a n t  e n e r g y  r e c e i v e r .  This  method  r e q u i r e s  
s p e c i m e n s  m o r e  than  3 m 2 in a r e a  ( d i a m e t e r  2 m) .  
Acco rd ing ly ,  t h e r e  i s  a need  fo r  an i n s t r u m e n t  capab le  
of handl ing  much  s m a l l e r  s p e c i m e n s  (down to 0.2 m2). 

If the  r e c e i v e r  i s  a r r a n g e d  p a r a l l e l  to the  i r r a d i -  
a ted  s u r f a c e ,  the  i r r a d i a n c e  at  an e l e m e n t a r y  point  of 
the  r e c e i v e r  s u r f a c e  due to the  r e f l e c t e d  o r  t r a n s -  
m i t t e d  r a d i a t i o n  i s  e x p r e s s e d  by the i n t e g r a l  
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Afte r  i n t eg ra t i on ,  the  op t i ca l  coef f ic ien t  

= - ~ -  (2) 

The va lues  of E, Ek, h, and R 0 can e a s i l y  be d e t e r -  
mined  e x p e r i m e n t a l l y ,  and the r e f l e c t a n c e  k = p and 
t r a n s m i t t a n c e  k = T can be ca l cu l a t ed  f r o m  Eq. (2) fo r  
n e a r - i d e a l  s c a t t e r i n g  cond i t ions  ( k  = cons t  as  h / R  0 
v a r i e s ) ,  

If the  given d i m e n s i o n s  of the s p e c i m e n  a r e  0.2 m 2 
( d i a m e t e r  0.5 m) ,  to exc lude  s c r e e n i n g  in e x c e s s  of 1% 
the  p r o j e c t i o n  of the  r e c e i v e r  on the s p e c i m e n  should  
be not  m o r e  than 0.05 m in d i a m e t e r .  Such a r e c e i v e r  

o 
was c o n s t r u c t e d  a round  an A n g s t r i i m  compens a t i on  
p y r h e l i o m e t e r  [3], modi f i ed  to p e r m i t  continuous 

m e a s u r e m e n t  of the d i r e c t  and s c a t t e r e d  r a d i a t i o n  
in r e l a t i v e  uni t s .  

The a r r a n g e m e n t  for  d e t e r m i n i n g  r e f l e c t a n c e  and 
t r a n s m i t t a n c e  i s  shown in the  f igure .  The i n s t r u m e n t  
c o n s i s t s  of a r e c e i v e r  ( p y r h e l i o m e t e r )  housed  in a 

p r o t e c t i v e  cy l inde r .  The d i a m e t e r  of the p r o j e c t i o n  of 
the r e c e i v e r  on the s p e c i m e n  is  0.045 m. 

To m e a s u r e  the  s c a t t e r e d  r ad i a t i on ,  the  s e n s i t i v e  
e l e m e n t  of an o r d i n a r y  p y r h e l i o m e t e r  was  r e m o v e d  
f r o m  i t s  housing/(wi th  s l i t s  fo r  t r a n s m i t t i n g  p a r a l l e l  
f luxes)  and p l a c e d  in a c y l i n d r i c a l  s l e e v e  without  s tops .  
The m a n g a n i n - r e c e i v i n g  s u r f a c e  of  the  p y r h e l i o m e t e r  
wi th  the  cold  junc t ion  was  p r o t e c t e d  f rom the inc iden t  
r a d i a t i o n  by  an a luminum foi l  s c r e e n .  In the  s c r e e n  
t h e r e  was  a s lo t  c o r r e s p o n d i n g  in  shape  and s i ze  to 
the o t h e r  r e c e i v i n g  s u r f a c e  with the  hot junct ion of 
the  t h e r m o e o u p l e .  The foi l  was a r r a n g e d  about  1 m m  
f r o m  the  su r f ace .  To r e d u c e  the  ef fec t  of convec t ive  
a i r  c u r r e n t s ,  the  s e n s i t i v e  e l e m e n t  was  c o v e r e d  by a 
g l a s s  window. The g l a s s  has  a t r a n s m i t t a n c e  of 90 • 
• 2% on the wave length  i n t e r v a l  0 . 3 - 2  # wi thin  which 
the s o l a r  r a d i a t i o n  i s  m a i n l y  concen t r a t ed  [4]. The 
g l a s s  window was  2 m m  away f rom the r e c e i v i n g  s u r -  
face ,  so tha t  r a y s  inc ident  a t  ang les  c lose  to 90 ~ could 
r e a c h  that  su r f ace .  To r e d u c e  hea t ing ,  the  p r o j e c t i n g  
nuts  which s e c u r e d  the t h e r m o c o u p l e  w e r e  c o v e r e d  
wi th  a r i ng  of  a luminum foil ,  f r o m  which they  w e r e  
i n su l a t ed  with  s e v e r a l  l a y e r s  of B F - 2  adhes ive .  

The longwave e m i s s i o n  of the s p e c i m e n  due to 
r a d i a t i v e  hea t ing  i s  a l m o s t  c o m p l e t e l y  cut off by  the  
g l a s s  and does  not  r e a c h  the r e c e i v e r .  Hence,  the  
e m i s s i v i t y  of the  t e s t  m a t e r i a l  does  not  have much 
effect  on the  a c c u r a c y  of d e t e r m i n a t i o n  of the  op t i ca l  
coe f f i c ien t s .  

A r r a n g e m e n t  of i n s t r u m e n t  for  d e t e r m i n i n g  r e f l e c t a n c e  
(a) and transmittance (b) (solid lines--incident flux, 
dashed lines --reflected and transmitted flux: I) radiation 

receiver; 2) protective cylinder; 3) specimen. 
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The r ad i an t  f luxes  w e r e  m e a s u r e d  with a d i f f e r e n -  
t i a l  t he rmocoup l e ,  whose  junc t ions  w e r e  bonded to 
the  exposed  and p r o t e c t e d  r e c e i v i n g  s u r f a c e s .  As  the 
m e a s u r i n g  i n s t r u m e n t ,  we u sed  a GZS-47 /5  m i r r o r  
g a l v a n o m e t e r  with low i n t e r n a l  r e s i s t a n c e .  

The r e c e i v e r  was  des igned  to be  d i s p l a c e d  a long  the  
axis  of the  p r o t e c t i v e  cy l i nde r ,  which is  n e c e s s a r y  to 
p e r m i t  e x p e r i m e n t s  a t  d i f f e r en t  d i s t a n c e s  h be tween 
the r e c e i v e r  and the s p e c i m e n .  

The ins ide  of  the p r o t e c t i v e  c y l i n d e r  was c o v e r e d  
with dull  b l ack  p a p e r  o r  paint .  The c y l i n d e r  could be 
ad jus t ed  a t  any angle  to the  ho r i zon t a l  to b r i n g  the  
s p e c i m e n  into a pos i t i on  exac t ly  at  r igh t  ang les  to 
the s u n ' s  r a y s .  Rota t ion in the  ho r i zon t a l  p lane  was  
ach ieved  by ro t a t i ng  the  i n s t r u m e n t  a s  a whole.  

E x p e r i m e n t s  w e r e  p e r f o r m e d  in c l e a r  c loud le s s  
w e a t h e r  us ing  the s o l a r  r ad i a t i on .  It i s  a l so  p o s s i b l e  
to use  ano the r  s o u r c e  with a s i m i l a r  s p e c t r u m  and 
a r ad i a t i on  dens i ty  of about  800 W / m  2. Before  each  
e x p e r i m e n t  the  i n s t r u m e n t  is  exposed  to i r r a d i a t i o n  
for  15 -20  min to b r i n g  the r e c e i v e r  and the amb ie n t  
med ium into t h e r m a l  e q u i l i b r i u m .  T h e  g a l v a n o m e t e r  
i s  ad jus ted  to z e r o  with the r e c e i v e r  cove r  c losed .  A 
s ight  i s  used  to a im  the i n s t r u m e n t  at  the  sun and the 
s o l a r  r a d i a t i o n  i s  checked with an a l b e d o m e t e r .  

Af t e r  the c o v e r  has  been r e m o v e d ,  the n u m b e r  
of g a l v a n o m e t e r  d iv i s ions  c o r r e s p o n d i n g  to the d i r e c t  
r ad i a t i on  n i s  d e t e r m i n e d .  The n u m b e r  of d iv i s ions  
c o r r e s p o n d i n g  to the  r e f l e c t e d  r a d i a t i o n  n o i s  d e t e r -  
mined i n t h e  a r r a n g e m e n t  shown at  a) i n t h e  f igure .  To 
d e t e r m i n e  the t r a n s m i t t e d  r a d i a t i o n  nt, the c y l i n d e r  
and the  s p e c i m e n  a r e  r o t a t e d  th rough  180 ~ ( f igure ,  b). 

The r e f l e c t a n c e  p, t r a n s m i t t a n c e  r, and a b s o r p -  
t ance  ~ a r e  ca l cu l a t ed  f rom f o r m u l a s  d e r i v e d  f rom (2): 

no 1 -+- , ( 3 )  
P ~  n 

"c = nt 1 -{- (4) 
n "-~o ~ '  

a = 1 - - p - - ' c .  (5) 

Values  of  p and,  hence,  r ,  d e t e r m i n e d  at  d i f f e ren t  
va lues  of h / R  0 under  condi t ions  app roach ing  idea l  
s c a t t e r i n g  in the p r e s e n c e  of r e f l e c t i on  and t r a n s -  
m i s s i o n ,  should be cons tant .  

As an e x p e r i m e n t a l  check on the r e p r o d u c i b i l i t y  
of  the condi t ions  n e c e s s a r y  fo r  the a c c u r a t e  d e t e r -  
mina t ion  of the op t i ca l  coef f ic ien t s  of t e x t i l e s  we 
p e r f o r m e d  e x p e r i m e n t s  ( table)  a t  v a r i o u s  va lues  of h 

In t eg ra l  Opt ica l  Coef f ic ien ts  of Tex t i l e s  
(h/R0 = 0 .5 -1 .0  abso lu te  e r r o r  of  

m e a s u r e m e n t s  • 

Cotton fabric P ~ a 

Brown tricot, 
art. 688 

Brown raincoat cloth, 
art. 610 

White gingham, art. 150 
Dark-gray gingham, 

art. 150 
Calico, art. 52 
White towel cloth, 

art. 1050 

0 .17  

0.17 

0 .55  
0 .18  

0 .56  
0 .59  

0.0! 

0.02 

0.12 
0.06 

0.33 
0.22 

0.82 

0.81 

0.33 
0.75 

0.11 
0.19 

(R 0 = 195 mm = const)  on f a b r i c s  with d i f f e r en t  c o l o r s  
and s t r u c t u r e s .  

It was found that  the  op t i ca l  coef f i c ien t s  p and r of 
f a b r i c s  of d i f f e r en t  c o l o r  and s t r u c t u r e  r e m a i n  a l m o s t  
cons tan t  (• in the r a n g e  h/R0 = 0 . 5 - 1 ,  which  i n d i -  
ca t e s  that  the i n s t r u m e n t  i s  capab le  of  r e p r o d u c i n g  
condi t ions  a p p r o a c h i n g  idea l  s c a t t e r i n g .  

The i n s t r u m e n t  deve loped  can be used  to d e t e r m i n e  
with r e a s o n a b l e  a c c u r a c y  the i n t e g r a l  op t i ca l  coe f f i -  
c ien ts  of r e l a t i v e l y  s m a l l  (0.2 m 2) t e x t i l e  s p e c i m e n s .  

NOTATION 

E is  the i r r a d i a n c e ;  E k is  the r e f l e c t e d  o r  t r a n s -  
mi t t ed  i r r a d i a n c e ;  R 0 is  the  r a d i u s  of the i r r a d i a t e d  
s u r f a c e ;  R and O a r e  the p o l a r  c o o r d i n a t e s  of a poin t  
on the r e c e i v e r  s u r f a c e ;  h i s  the  d i s t a n c e  f rom the 
i r r a d i a t e d  s u r f a c e  to the  p lane  of  the  r e c e i v e r ;  k a r e  
the  op t ica l  coef f i c ien t s  of the  r e f l e c t a n c e  p, t r a n s -  
mi t t ance  % and a b s o r p t a n c e  ~.  

R E F E R E N C E S  

1. N. N~ Kal i t in ,  A c t i n o m e t r y  [in Russ ian] ,  Gid-  
r o m e t e o i z d a t ,  1938. 

2. B~ A~ G r i g o r ' e v  and S. N. Fomichev ,  IFZh ,  
no. 1, 35, 1958. 

3. V. N. K e d r o l i v a n s k i i  and M. So S te rnza t ,  M e t e -  
o r o l o g i c a l  I n s t r u m e n t s  [in Russ ian] ,  G i d r o m e t e o i z d a t ,  
1953. 

4. K. Ya. Kondra t ' ev ,  So la r  Radiant  Ene rgy  [in 
Russ ian] ,  G i d r o m e t e o i z d a t ,  p. 203, 1954. 

28 S e p t e m b e r  1967 

524 


