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An expe r imen ta l  method is cons idered  that p e r m i t s  invest igat ion of the t e m p e r a t u r e  dependences 
of the in tegra ted  h e m i s p h e r i c a l  e m i s s i v i t y  for  a l a rge  quantity of coatings s imul taneously .  

De te rmina t ion  of the e m i s s i v i t y  of coatings is p e r f o r m e d  by the s ta t ionary  method of compar ing  the coa t -  
ings under  invest igat ion with a s tandard  whose p r o p e r t i e s  a r e  a s sumed  known. Coatings have  th icknesses  a t  
which they a r e  opaque to radiat ion.  A d i ag ram of the expe r imen ta l  appara tus  is shown in Fig. 1. T h e r e  is a 
vacuum chamber  whose walls  a r e  blackened and cooled to cryogenic  t e m p e r a t u r e s  and there  is a lso  a r e g u l a -  
table in f ra red  hea te r .  The expe r imen ta l  spec imens  1 a r e  thin p la tes  on whose face su r face  the coat ing to be 
invest igated is deposi ted,  while the s tandard  coating is on the r e v e r s e  side.  M o r e o v e r ,  the s tandard  sp ec i -  
mens  2, on both of whose su r faces  the s tandard  coating has  been deposi ted,  a re  used  in addition. 

F o r  the t e s t s ,  the expe r imen ta l  and s tandard  spec imens  a r e  suspended in the chamber  in one plane in 
checkerboard  fashion. The in f r a red  hea t e r  is mounted in a plane pa ra l l e l  to the side of the r e a r  sur face  of the 
expe r imen ta l  spec imens .  The hea t e r  s ize  and the spacing between it and the spec imens  a re  se lec ted  in such a 
way as to a s s u r e  a un i form dis t r ibut ion of the rad ian t  flux a r r i v ing  at  the spec imen.  The t e m p e r a t u r e  of each  
spec imen  is m e a s u r e d  in the tes t s  that a r e  conducted in a vacuum (P _< 10 -4 mm) .  

In the s ta t ionary  mode ,  the hea t  balance equations for  the exper imenta l  and s tandard spec imens  a r e  
wr i t t en ,  r e spec t ive ly ,  in the f o r m  

[e t (Tl) -k es(Ti)] (;T{ = a s (Tl) Ein e, (1) 

2e s (Tz) ~T~ = a s (T2) Ein c. (2) 

We find f r o m  the combined solution of (1) and (2) 

COs (-T2) T] - -  ss(Ti)' (3) 

where  the a r i t hme t i c  mean  of the quantity TJ of the s tandard  spec imens  adjacent  to the expe r imen ta l  spec imen  
under  cons idera t ion ,  or  T2 4, is taken to r a i s e  the accu racy  of the exper iment .  Fo r  ins tance ,  to de te rmine  the 
s t  of the expe r imen ta l  spec imen  in the second row,  third column (Fig. 1), the quanti ty is TJ = (T~I II + T~ III  + 
T~_IV + TIH_IH)/4 , while fo r  the spec imen  in the second row, f i r s t  column i t  is  ,-14 = ( ~ I - I  + T4II-II + T4III--I)/3, et~ 

I t  follows f rom (3) that  informat ion about the radia t ion s p e c t r u m  of the hea t e r  and the emi s s iv i t y  and 
absorp t iv i ty  of the s tandard  coating a re  n e c e s s a r y  to de te rmine  et(T1). A s tandard  coating cor responding  to 
a blackbody in its p r o p e r t i e s  would be ideal.  In p rac t i ca l  c a s e s ,  coatings whose radia t ion p r o p e r t i e s  depend 
weakly on the t e m p e r a t u r e  a r e  of g r ea t e s t  in te res t  as s tandards .  Then it can be cons idered  that a s = e s when 
using the in f r a red  hea te r  whose radia t ion s pec t rum is re la t ive ly  c lose  to the radia t ion  spec t rum of the s tandard  
coating,  and (3) is reduced to the f o r m  

2--4 T2 
e t (T i ) :Ss (T t )  ( T~ I ) .  (3') 

By vary ing  the power  de l ivered  to the h e a t e r ,  d i f ferent  va lues  of the rad iant  flux densi ty  can be obtained,  
and t he r e fo re ,  d i f ferent  spec imen  t e m p e r a t u r e s .  The dependence et(T) is t he re fo re  obtained. 
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Di ag ram  of the exper imenta l  setup [a) hea te r ;  b) t e m -  
p e r a t u r e  s enso r s ;  c) vacuum chamber] .  

The absolute e r r o r  in de te rmin ing  e t is  found f r o m  the following express ion  obtained on the bas i s  of (3') 
[1]: 

A~t={[(  2 ~  1 / A e s ]  2 (8~sT~ A~2)2+( 8_ees?~ ATt)2} 1/2 
TI / + k T~ r~ (4) 

To analyze the e r r o r  in the method,  it  is m o r e  convenient to r e p r e s e n t  (4) as 

a~s T--T--1 +~ r? " A~s r, + r~ a ~ "  r---7 (4') 

Let  us examine the t e r m s  in the r ight -hand side of (4'). I t  follows f r o m  (1) and (2) that the f i r s t  t e r m  d imin-  
ishes  with the r i se  in the quantity es. If  a s tandard  coating is used  for  which T 1 - T 2 is a lmos t  one, then 
(2TI/TI - 1) -< 1. The e r r o r s  in m e a s u r i n g  the t e m p e r a t u r e  by using thermocouples  and r eco rd ing  i n s t ru -  
ments  of a high c lass  of a ccu racy  a r e ,  accord ing  to [2], &Ti /T  1 ~ 0.05-0.1% for  the expe r imen ta l  spec imens  
and &T2/T 2 ~ 0.1-0.2% for  the s tandards  (taking into account  the method of de te rmin ing  the quantity T24). The 
e r r o r s  in de te rmin ing  the emi s s iv i t y  of the s tandard  coating is &es/es  ~ 2-5% [3]. T e r m s  II and III a r e  t h e r e -  
fore  s i m i l a r  in magnitude and equal ~0.02-0.05.  

Taking the exposi t ion above into account,  i t  is seen  that  the e r r o r  in de te rmin ing  the e m i s s i v i t y  of the 
coatings under  inves t igat ion in a m a s s  exper imen t  in the method under  cons idera t ion  is p r ac t i c a l l y  equal to 
de te rmin ing  the e m i s s i v i t y  of a s tandard  coat ing in a unique exper iment .  

Tes t s  we re  conducted in conformi ty  with the method elucidated above,  whereupon the t e m p e r a t u r e  de-  
pendences et(T ) we re  obtained s imul taneous ly  for  seven coatings in the t e m p e r a t u r e  range -100~ -< t -< +200~ 
The enamel  AK-512 (black) was used as s tandard.  

The expe r imen ta l  and s tandard  spec imens  were  p la tes  of the a luminum al loy AMG-6,  of 50 x 50 m m  size 
and & = 0.5 m m  thickness .  They were  connected to two C h r o m e l - C o p e l  t he rmocoup les ,  one of which was at 
the center  while the o ther  was at the pe r iphe ry  along the spec imen  diagonal,  at 18 m m  f r o m  the center .  The 
p r e p a r e d  spec imens  were  suspended by fine Nich rome  threads  (q~ 0.1 mm) through hea t - insu la t ing  br idges  to a 
meta l  f r a m e  in th ree  s e r i e s  of five spec imens  each. A f ia t  in f ra red  hea t e r ,  whose s ize  was  1.5 t imes  g r ea t e r  
than the s ize  of the p rov is iona l  working a r e a  in which the spec imens  w e r e  p laced,  was  located a t  a dis tance 
of h = 50 m m  f r o m  the plane of the spec imens .  I t  was  a se t  of 3 m m  d i ame te r  N ich rome  rods ,  sepa ra ted  by 
5 = 20 m m ,  and heated by an e l ec t r i ca l  cur ren t .  The sy s t em of hea t e r  and f r a m e  with spec imens  was placed 
in the vacuum chamber ,  as shown in Fig. 1. The in te r io r  walls  of the chamber  had a r ibbed su r f ace ,  we re  
coated by the black enamel  AK-512,  and were  cooled by liquid ni t rogen.  The t es t s  w e r e  conducted in the fo l -  
lowing sequence.  Af te r  the vacuum chamber  had reached  the working mode (P < 10 -4 m m  Hg, Tw = 80~ 
e l ec t r i ca l  power  cor responding  to the t he rm a l  mode of the spec imens  with the min imum t e m p e r a t u r e  t = -100~ 
was  de l ivered  to the hea te r .  While the spec imens  were  reach ing  the s ta t ionary  mode ,  the i r  t e m p e r a t u r e s  
we re  taken eve ry  15 min.  The s ta t ionary  mode was  de te rmined  by the l a s t  three  readings  when the spec imen  
t e m p e r a t u r e  in the f i r s t  and thi rd  readings  di f fered by not m o r e  than 1 ~ . Af ter  the t e m p e r a t u r e  buildup, the 
p a s s a g e  to the next mode was  r ea l i zed  in all  the spec imens .  Seven modes  were  es tab l i shed  dur ing the tes ts .  
The l a s t  m a x i m u m  mode was cons t ra ined  by the g r e a t e s t  achievable  t e m p e r a t u r e  t = +200~ in the spec imen  
with the min imum value of emiss iv i ty .  
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Fig. 2. The dependences e t = f(T) obtained 
in e x p e r i m e n t  [1) enamel  AK-512 white + 
OSO-C; 2) enamel  AK-512,  green;  3) e n a m -  
el AK-512 whtte~ 4) enamel  KO-512; 5) 
KO-538 lacquer ;  6) enamel  KO-96; 7) l a c -  
quer  ML-255].  

The readings  of both the rmocoup les  in all  the spec imens  ag reed  during the exper imen t .  The radiant  
flux dis t r ibut ions  in the working a r e a ,  obtained on the basis  of readings  on the s tandard  s p e c i m e n s ,  can be 
cons idered  sufficiently uni form.  The d i sc repancy  between the quant i t ies  T~ se t  in the computat ion of T~ did 
not exceed 1.8% for  all  the expe r imen ta l  spec imens .  Taking account  of the continuity and smoothness  of the 
changes in the radiant  flux densi ty f r o m  the hea te r  resu l t ing  f r o m  the laws of rad ian t  heat  t r a n s f e r ,  the e r r o r s  
in de te rmin in ing  T24 were  l ess  than 1%. 

The e m i s s i v i t y  of the coat ings under  invest igat ion was calculated by means  of (3), in which es = 0.95; T1, 
T2were  substituted; the T l and T 2 were  m e a s u r e d  in the expe r imen t ,  where  the quantity T24 was de te rmined  by 
the abovement ioned method.  Taking into account  8e s = 4%, the e r r o r  in the e x p e r i m e n t  was 6et = 4.5-5%. The 
r e su l t s  obtained a r e  r e p r e s e n t e d  in Fig. 2 in the f o r m  of expe r imen ta l  points and their  approximate  dependence 
e = f(T) is explained by the fact  that the expe r imen ta l  spec imens  had d i s s i m i l a r  t e m p e r a t u r e s  for  a constant ,  
p a r t i c u l a r y  min imum  and m a x i m u m ,  power  de l ivered  to the hea t e r  because  of the d i f ference  in et. 
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N O T A T I O N  

is the in tegra ted  h e m i s p h e r i c a l  e m i s s i v i t y  of the coating; 
is the absorp t iv i ty  of the coating re la t ive  to hea t e r  radiat ion;  
is the t e m p e r a t u r e ;  
is the S t e f a n - B o l t z m a n n  constant;  
is the densi ty of the incident rad iant  flux f r o m  the hea te r ;  
is the p r e s s u r e .  

S u b s c r i p t s  

t is the coating under  invest igat ion;  
s is the s tandard  coating; 
1 a r e  the expe r imen ta l  specimens~ 
2 a r e  the s tandard  spec imens ;  
w a re  the c h a m b e r  wal ls .  

1 .  

2. 
3. 
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