
DETERMINING EMISSIVITY AND TRUE SURFACE 

TEMPERATURE BY MEANS OF A PYROMETER 

AND AN ATTACHMENT 

V. S. Pikashov, A. E. Erinov, 

and V. N. Ruslov 
UDC 536.521 

We examine  a method of m e a s u r i n g  the t rue  sur face  t e m p e r a t u r e  by means  of a p y r o m e t e r  
with an adiabat ic  a t t achment  des igned to e l imina te  the int roduct ion of a c o r r e c t i on  fac tor  
for  e m i s s i v i t y .  We propose  .a method of de t e rmin ing  the e m i s s i v i t y  by means  of two py ro -  
m e t e r s  with cold and adiabat ic  a t t achments .  We p r e s e n t  the fo rmulas  and the curve of the 
functions needed to des ign the a t t achments  and to evaluate  the e r r o r s  of the method. 

In m e a s u r i n g  t e m p e r a t u r e s  by methods of rad ia t ion  or  opt ical  p y r o m e t r y ,  we mus t  introduce c o r r e c -  
tion fac to rs  for the e m i s s i v i t y  of the object  measu red ,  and this in mos t  c a s e s  can be e s t i m a t e d  only ve ry  
app rox ima te ly  [1], We know of a method to m e a s u r e  su r face  t e m p e r a t u r e s  by means  of a p y r o m e t e r  with a 
h e m i s p h e r i c a l  m i r r o r  a t t achment  des igned  to e l imina te  the need for  c o r r e c t i o n  fac tors  for the e m i s s i v i t y  
of the m a t e r i a l  [2]. Accord ing  to this  method,  the m e a s u r e m e n t  is accompl i shed  with a p y r o m e t e r  with an 
a t tachment  that is  se t  a l m o s t  flush with the object  (Fig. 1). In this  case ,  as a consequence of r epea ted  r e -  
f lect ion and r e r a d i a t i o n  within the c losed  s y s t e m  formed by the plane of the object  and the a t tachment ,  
somehow forming  a model  of a pe r fec t  b lack  body, the object  wil l  r ad i a t e  into the cavi ty  of the r a d i o m e t e r  
with an e m i s s i v i t y  c lose  to unity. However ,  no indicat ion is g iven in  [1] o fhowto  m e a s u r e  - with this  p ro -  
cedure  - the t rue  t e m p e r a t u r e  in the p r e s e n c e  of r e f l e c t o r s  and oblique e m i t t e r s  that  a r e  more  powerful 
than the e m i s s i o n  of the object  i t se l f  (for example ,  when heat ing an object  in a furnace) ,  nor  a r e  t he re  any 
data on the m e a s u r e m e n t s ,  design,  and o ther  c h a r a c t e r i s t i c s  of the a t tachment ,  nor  any e s t i m a t e s  of the 
e r r o r s  that  a r e  functions of the c h a r a c t e r i s t i c s  of the a t tachment  and of the p a r a m e t e r s  of the ambient  m e -  
dium. 

It is  obvious that  this  p roposed  method can a l so  be extended to those t e m p e r a t u r e - m e a s u r e m e n t  c a s e s  
in which the objec t  is  su r rounded  by r e f l e c t o r s  and e m i t t e r s  and in which it is  v i r t ua l ly  imposs ib l e  to provide  
for the in t roduct ion of any co r r ec t i on  fac tors .  Because  of the r e f l ec t ed  flows that  a re  more  powerful  than 
the na tura l  r ad i a t i on  of the objec t  i t se l f ,  the c o r r e c t i o n  fac tor  for the " e m i s s i v i t y "  of the object  as it  is 
heated by rad ia t ion ,  for example ,  in a furnace ,  may turn out to be even g r e a t e r  than unity. 

On the bas i s  of our use of a p y r o m e t e r  with an a t tachment  we can propose  a s imple  method of d e t e r -  
mining the e m i s s i v i t y  f rom the r e l a t ionsh ip  between two heat  flows 

E 
8 = Eo  ' (1) 

where  E and E 0 a r e  the heat  flows, r e spec t i ve l y ,  m e a s u r e d  by means  of the p y r o m e t e r  without an a t tach-  
ment  at  the beginning, with no side e m i t t e r s  or  r e f l e c t o r s  about the object ,  and then with an a t tachment .  

In analogy with the model  of a pe r fec t  b lack  body, the extent  to which the sur face  e approaches  unity 
in m e a s u r e m e n t s  with a p y r o m e t e r  and an a t tachment  will  p robably  depend on the geomet r i c  d imens ions  and 
the p a r a m e t e r s  of the s y s t e m  formed by the object ,  the a t tachment ,  and the p y r o m e t e r .  To evaluate  the e r -  
r o r s  in de t e rmin ing  the t e m p e r a t u r e  and the e m i s s i v i t y  by the above methods,  we must  t he re fo re  p e r f o r m  
the ca lcu la t ions  for  such a sys t em,  i .e . ,  we have to de t e rmine  the shape and d imens ions  of the a t tachment  
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3 Fig. 1. Diagram for the der iva-  
tion of the equations for at tachment 
design: 1) surface of object being 
measured;  2) adiabatic attachment;  
3) py romete r  orif ice;  4) pyrometer .  
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Fig. 2. The dependence of Eeffl/E01 on the sys tem 
pa rame te r s  D /d ,  h / d ,  and al. 

for  a given py rome te r  with an inlet orif ice d, to ensure  the required methodological  accuracy  in de termin-  
ing the T of the object and the ~ of its mater ia l .  

To find the relat ionship with which to calculate the dimensions of the attachment,  let us examine the 
closed sys tem (Fig. 1) consis t ing of three elements:  the surface 1 of the object being measured,  bounded 
by the edge of the at tachment whose d iamete r  is D and which exhibits the pa ramete r s  al(al) and Tt; then 
we have at tachment 2 which is conical in shape, or  of some other shape, supported on c i rc les  with diam- 
e te rs  D and d, a height h with ~2(a2), and T2; and finally, the surface 3 of the inlet orif ice for the pyro-  
meter ,  with a d iameter  d, and the pa rame te r s  e3(a3) and T 3. 

By definition, the surface of the measured  object (1) is the source  of radiant energy  in the sys tem,  
with an intr insic flow E i = elu0TJ. The inlet orif ice for the pyromete r  completely absorbs  the radiant flow 
and does not radiate,  so that e3 = a3 = 1 and T 3 = 0 and, consequently, we have E 3 = 0 and Eeff3 = 0. We a s -  
sume the surface of the a t tachment  to be adiabatic, i.e., the entire radiant  flux incident on the at tachment 
is ref lected by the lat ter  and reradia ted  both on the inside and the outside of the system.  The viewing area  
of the py romete r  must  be sma l l e r  than the area  of the object bounded by the attachment,  and the at tachment 
i tself  must  completely  cover  the object. 

We assume that: 1) within the l imits of each surface  T and ~(a) are  constant,  and also that ~ = a; 2) 
the tempera ture  of the measured  sur face  i of the object does not change on approach of the device with an 
attachment.  

Under ord inary  conditions, the py rome te r  picks up the natural  radiant heat flow of the object within 
the field of view. When the e m i t t i n g - r e f l e c t i n g  adiabatic at tachment  is brought close to the object, be- 
cause of the repeated reflect ion and reradiat ion between the at tachment and the object, the ref lected flow 
is added to the natural  flow, so that the py romete r  will receive an effective flow Eeffj  = E 1 + Eref i .  Of 
course ,  with an increase  in a t tachment  dimensions the value of Eef f 1 will tend toward Eoi. The equation 
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Fig .  3 .  I n s t a l l a t i o n  for  the  d e t e r m i n a t i o n  of e m i s s i v i t y :  
1 and 2) p y r o m e t e r s ;  3) co ld  a t t a c h m e n t  b l a c k e n e d  on the 
i n s i d e ;  4) a d i a b a t i c  a t t a c h m e n t ;  5) c i r c u l a r  p l a t e  o r  l a y e r  
of t e s t  m a t e r i a l ;  6) r o t a t i n g  d i s k  with r e f r a c t o r y  and h e a t -  
i n s u l a t i o n  l a y e r s ;  7) r e f r a c t o r y  wa l l  of h e a t i n g  c h a m b e r ;  
8) h e a t - i n s u l a t i o n  l a y e r ;  9) e l e c t r i c  h e a t e r .  

fo r  the e f f e c t i v e  r a d i a t i o n  of the  i - t h  s u r f a c e  of the  c l o s e d  s y s t e m ,  c o n s i s t i n g  of n s u r f a c e s ,  w i l l  have  the  
fo l lowing  f o r m  [3]: 

n 

E~fr, = (1 - - a i )  ~ Ee, hqv,u 4" E~. (2) 
k ~ l  

In our  c a s e ,  fo r  each  of t h r e e  s u r f a c e s  we wi l l  have  a s y s t e m  of t h r e e  e q u a t i o n s :  

E:n t = (1 - -  al) (E~nt% , -}- EenzqDi2 -}- E~.3~xa ) -t- Ei, (3a) 

E..2 = (1 - -  a~) ( E o~+,~z, -}- E ~f~ z,~22 + E ~u acpz3) -t- Ez, (3b) 

E~., 3 = (1 - -  a3) (Eo.l% l + E~+z%z q- E+.3%3) -{- E~. (3c) 

Since by d e f i n i t i o n  T z = 0, a 3 = 1, and  E 3 = 0, we have  E r e f 3  = 0 a n d E e f f 3 =  0, and in add i t ion ,  f r o m  the 
a d i a b a t i c i t y  cond i t ion  fo r  s u r f a c e  2, i . e . ,  the  e n t i r e  i n c i d e n t  flow on the s u r f a c e  i s  r e f l e c t e d  o r  r e r a d i a t e d  
a s  a c o n s e q u e n c e  of s u r f a c e  hea t ing ,  we can  a s s u m e  tha t  a 2 = 0 (r 2 = 1) and E 2 = 0. In th i s  c a s e ,  we r e f e r  
the  r e r a d i a t e d  flow to the  r e f l e c t e d  flow, m a k i n g  the a s s u m p t i o n  tha t  T 2 = 0. F r o m  the p r o p e r t i e s  of the  
ang le  f a c t o r s  for  f l a t  s u r f a c e s  we find tha t  ~Oll = 0, and ~33 = 0. A f t e r  s i m p l i f i c a t i o n ,  the  s y s t e m  of e q u a -  
t ions  (3) a s s u m e s  the f o r m  

E,,i ~-- ( i ~  a,)Eo,2~hz q- E i, (4a) 

E~nz =: E~,+,r q- E..z%z" (4b) 

We c a l c u l a t e  the ang le  f a c t o r s  ~12, ~P21, r on the  b a s i s  of  the  known d e p e n d e n c e  of r fo r  two c i r c l e s  
of d i a m e t e r s  d and D, l y i n g  in p a r a l l e l  p l a n e s  wi th  c e n t e r s  on a c o m m o n  n o r m a l ,  s e p a r a t e d  by  a d i s t a n c e  h 
[3], u s ing  the p r o p e r t i e s  of c l o s u r e  and r e c i p r o c i t y  fo r  the  ang le  f a c t o r s :  

~P,a : 1 - -  qha, 

q)2 i  = 

%z = 1 --Tzi--%3 = 1 --F--i--(l --%3) 
F2 

F, F, }:[ (P 2 -= ( '  

Fz- -~ iaFi  - -  1 

F2 
F3 Fi 

(5a) 

(5b) 

F2 F 2 
(I --  2qh3), (5e) 

w h e r e  F 1 = 7rD2/4, F 2 = 7rdZ/4, and F 3 = [Tr(D + d ) / 2 1 ~  2 + [ (D- -d ) /2~  a r e  the  a r e a s  of s u r f a c e s  1, 2, and 3, 

r e s p e c t i v e l y .  

502 



A f t e r  s o l v i n g  the s y s t e m  of e q u a t i o n s  (4) and (5) fo r  Ee f f l /E01  and Eeff2/E01 we have 

1 - -  %a + - - % 3 ) 2  
E,r~l d (6 a) 

- -  = a  t 

E ~ 2 "-d 
= a t , ( 6b )  (o; 

E~ 1 - -  - -d %32 q._ at  _ _ % 3 ) 2  

A n a l y s i s  of (6) and (7) shows  t ha t  E e f  f l / E o i  c o n s i s t s  of two c o f a c t o r s  and s e e m i n g l y  r e p r e s e n t s  the 
e m i s s i v i t y  of the  s y s t e m ,  whi le  Ee f f2 /E0 t  is  tha t  f r a c t i o n  of the  e n e r g y  f r o m  E0~ r e f l e c t e d  by the a t t a c h m e n t  
of s u r f a c e s  1 and 3. In a l l  c a s e s  0 _< Ee f f l /E01  _< 1 and 0 _< Eeff2/E01 _< 1. With o u r  a s s u m p t i o n s  Eeff l /E01 
and Eeff2/E01 a r e  d e t e r m i n e d  e x c l u s i v e l y  by  the p a r a m e t e r s  el, D, d, h, and  they  a r e  i ndependen t  of the 
shape  of the a t t a c h m e n t ,  s i n c e  the  f ina l  equa t i ons  (6) do not inc lude  the a t t a c h m e n t  a r e a  F 2. F r o m  the 
s t a n d p o i n t  of a p p r o a c h i n g  the c o n d i t i o n s  of a d i a b a t i e i t y  and i n c r e a s i n g  the r e f l e c t i o n  c o e f f i c i e n t  for  the 
a t t a c h m e n t ,  as  we l l  a s  f r o m  the s t a n d p o i n t  of s i m p l i c i t y  of f a b r i c a t i o n ,  i t  would  t h e r e f o r e  be m o s t  c o n v e -  
n ien t  to have  a c o n i c a l  s h a p e ,  r a t h e r  than one tha t  is  s p h e r i c a l  o r  of s o m e  o t h e r  shape .  When a 1 - 1, the 
s e c o n d  c o f a c t o r s  in (6) a r e  changed  to uni ty  and Eef f I /E01  and Eeff2/E01 thus  do not depend  on the d i m e n -  
s i o n s  of the a t t a c h m e n t ,  a s  was  to be e x p e c t e d .  

N u m e r i c a l  c o m p u t e r  c a l c u l a t i o n s  w e r e  b a s e d  on (6) and (7); we then p lo t t ed  the c u r v e  fo r  the  func-  
t ions  Ee f f l /E01  := f ( D / d ,  h/d, el) (Fig.  2). We s e e  f r o m  the f i gu re  tha t  the e m i s s i v i t y  of the s y s t e m ,  o r  
the r a t i o  Ee f f l /E01  , i s  a s t r o n g  funct ion of the  r e l a t i v e  a t t a c h m e n t  d i m e n s i o n  D / d  and i n c r e a s e s  a s  the l a t t e r  
i n c r e a s e s ,  a p p r o a c h i n g  unity;  i t  d epends  on ly  s l i g h t l y  on the p a r a m e t e r  h / d .  The  s m a l l e r  the  e m i s s i v i t y  
e l (e l )  of the s u r f a c e  m a t e r i a l ,  the  g r e a t e r  the  a t t a c h m e n t ' s  s u r f a c e  d i m e n s i o n s  D / d  have  to be to a c h i e v e  
the  s a m e  a c c u r a c y  in b r i n g i n g  Ee f f l /E01  c l o s e  to unity.  

In d e s i g n i n g  the a t t a c h m e n t  we m u s t  know i t s  b a s i c  c h a r a c t e r i s t i c s ,  and h e r e  we should  s t r i v e  to  r e -  
duce  i t s  d i m e n s i o n s ,  p r i m a r i l y  D / d ,  s i n c e  th i s  s e r v e s  to r e d u c e  the  m e a s u r e m e n t  a r e a  and,  c o n s e q u e n t l y ,  
we can  m e a s u r e  the  T 1 and e l (a1)  of an o b j e c t  wi th  s m a l l e r  d i m e n s i o n s ;  in add i t ion ,  we r e d u c e  the  e r r o r  
which  is  b r o u g h t  about  by  the change  in body  t e m p e r a t u r e  a s  the  a t t a c h m e n t  is  b rough t  n e a r .  P r o c e e d i n g  
f r o m  the  p o s s i b l e  l i m i t s  of 81(el)  and the r e q u i r e d  a c c u r a c y  in b r i n g i n g  Eef f j /E01  to uni ty ,  we t h e r e f o r e  
d e t e r m i n e  the m i n i m u m  d i m e n s i o n s  D / d  f r o m  the c u r v e  in F ig .  2. Al though h / d  has  v i r t u a l l y  no e f f ec t  on 
Eeff~/E01 and on the b a s i s  of o u r  a s s u m p t i o n s  the  t e m p e r a t u r e  T 1 in the  d e r i v a t i o n  of the equa t ions  m u s t  be 
i d e n t i c a l  o v e r  the  e n t i r e  s u r f a c e  1, in a c t u a l  fac t ,  wi th  a s m a l l  h / d  the  co ld  s u r f a c e  3 - a s  a c o n s e q u e n c e  
of s h i e l d i n g -  d i s r u p t s  the  cond i t ion  of i s o t h e r m i c i t y  fo r  s u r f a c e  1 [4]. To avo id  such  d i m e n s i o n s ,  the a t -  
t a c h m e n t s  have  to be c h b s e n  so  tha t  h / d  > D / d .  

If the  a t t a c h m e n t  is  i n t ended  to m e a s u r e  the b r i g h t n e s s  t e m p e r a t u r e  o r  8z(a20,  we wi l l  c a r r y  out  the  
c a l c u l a t i o n  in the  s a m e  m a n n e r ,  but  in th i s  c a s e  E m u s t  be r e p l a c e d  by  the s p e c t r a l  e m i s s i o n  i n t e n s i t y  b ~ .  
H o w e v e r ,  if  the  e m i s s i o n  of  the  body  i s  s e l e c t i v e  in n a t u r e  and we have a g ~ and e k (a~) = f(~),  we wi l l  
c a r r y  out the  c a l c u l a t i o n  fo r  s p e c i f i c  i n t e r v a l s  A k and we wi l l  f ind tha t  

e..deo, = S ~,o.,/b,,o~ (X)d~, _~ ~ b~..,/b,,o, (~,._, --z.). (s) 
L = O  n ~ l  

F o r  o u r  m o d e l  of a p e r f e c t  b l a c k  b o d y -  the  s u r f a c e - a t t a c h m e n t  s y s t e m -  in m e a s u r i n g  Eeff l  we m u s t  
n e c e s s a r i l y  have  T 1 = T2, a s  in the c a s e  of c o n v e n t i o n a l  m o d e l s .  On the b a s i s  of the cond i t i ons  which  we 
adop t ed  in the  d e r i v a t i o n  of the  e q u a t i o n s ,  s u r f a c e  2 m u s t  be a d i a b a t i c ,  i . e . ,  i t  m u s t  c o m p l e t e l y  r e t u r n  the  
r a d i a n t  f lux i n c i d e n t  on i t ,  w h e t h e r  f r o m  wi th in  o r  f r o m  without .  In p r a c t i c a l  t e r m s ,  th is  is  a c h i e v e d  by 
m a k i n g  the a t t a c h m e n t  so  tha t  i t  e x h i b i t s  m i n i m u m  l o s s e s  to the a m b i e n t  m e d i u m ,  i . e . ,  by c h o o s i n g  a m a -  
t e r i a l  fo r  the a t t a c h m e n t  wi th  the g r e a t e s t  p o s s i b l e  r 2 and b u i l d i n g  i t  up out  of s e v e r a l  s c r e e n s .  If we a s -  
s u m e  tha t  the  l o s s e s  6 to the  a m b i e n t  m e d i u m  a r e  func t ions  of Eeff2, i . e . ,  Eeff2 = 6Eeff2, the e r r o r  in the  
d e t e r m i n a t i o n  of  Ee f f l /E01  wi l l  a l s o  be 6, s i n c e  a c c o r d i n g  to the  c a l c u l a t i o n s  invo lv ing  (6) on a c o m p u t e r ,  
a s  Eeff~/Eo~ -~ 1 we can  a s s u m e  wi th  s u f f i c i e n t  p r a c t i c a l  a c c u r a c y t h a t E e f f 2 / E o l  ~ 1. Since [3] 
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E2 = a~Eof,~ - -  r2E:,~,,2, (9) 

a f t e r  subst i tu t ion of Eres2 into (9), neglec t ing  5r2, we have 

Ez = a2E o.,z - -  6r2Eo. ~ ~ azEaf.2 - ~  %E~u,,  (10) 

whence 

~//-4 a~ E Tz~. ~ -~-o e.l" (11) 

Proceed ing  f rom T2i n and f rom the p e r m i s s i b l e  l o s s e s  6Eeff2 to the ambient  medium,  we ca lcula te  
the number  of s t r e a m s  that  a r e  needed,  on the bas i s  of the f a m i l i a r  r e l a t i onsh ips  given in [3]. The s c r e e n  
should be made of a thin m a t e r i a l ,  with the l a r g e s t  poss ib le  r2, s ince  the g r e a t e r  r 2, the fewer s c r e e n s  
r equ i red .  Morever ,  when the opera t ing  condi t ions of the a t tachment  cal l  for  it  to be heated to high t em-  
p e r a t u r e s ,  a h e a t - r e s i s t a n t ,  m a t e r i a l  mus t  be chosen to withstand this  t e m p e r a t u r e .  

Let us examine  the method of de t e rmin ing  e m i s s i v i t y  by means  of a p y r o m e t e r  with an a t tachment .  
There  a r e  s e v e r a l  methods of de t e rmin ing  the ~ of m a t e r i a l s .  Of these ,  the mos t  p r a c t i c a l  and mos t  com-  
mon is the method of hea t - f lux  r a t io s  [5], a cco rd ing  to which the in t r in s i c  heat  flow of the o b j e c t -  in tegra l  
o r  s p e c t r a l ,  h e m i s p h e r i c  or  angular  {including normal ) ,  depending on how e is  defined [ 5 ] -  is  compared  

with the e m i s s i o n  of a pe r f ec t  b lack  body with a su r face  t e m p e r a t u r e  T. The value of E 0 is  usual ly  d e t e r -  
mined f rom the t e m p e r a t u r e  m e a s u r e d  by means  of the thermocouple  imbedded into the su r face  of the t e s t  
m a t e r i a l ,  o r  it  is  m e a s u r e d  in a hole d r i l l ed  into the s p e c i m e n -  the model  of a pe r f ec t  b lack  body. The 
n e c e s s a r y  condit ion in this  case  is  that  the t e m p e r a t u r e s  of the inside cav i ty  and of the su r face  a re  equal,  
which in the l ight of the t e m p e r a t u r e  grad ien t  through the th ickness  is  complex  to achieve under p r a c t i c a l  
condit ions and is appl icab le  to m a t e r i a l s  exhibi t ing high t h e r m a l  conductivi ty.  

The p roposed  method of de t e rmin ing  e is  based  on the hea t - f lux  ra t io  for  an in t r in s i c  and a pe r fec t  
b lack  body at the spec imen  sur face  t e m p e r a t u r e  m e a s u r e d  with a p y r o m e t e r  using an ad iaba t ic  a t tachment .  
The advantages  of the method lie in the fact  that  the re  is  no need to imbed a the rmocouple  nor to d r i l l  a p e r -  
f e c t b l a c k - b o d y h o l e i n t o  the spec imen.  The a t tachment  of the the rmocouple  at  the sur face  of a flat  spec i -  
men in t roduces  an addi t ional  e r r o r ,  s ince it d i s rup t s  the condit ions of heat  t r a n s f e r .  In many ca se s ,  i t  is  
comple te ly  i m p o s s i b l e  to a t tach a the rmocouple  o r  to d r i l l  a hole, e .g . ,  in de t e rmin ing  the e of t h i n - l a y e r  
coat ings ,  soot  o r  ash depos i t s ,  coat ings  o r  enamel s ,  c e r a m i c s ,  and va r ious  su r f aces  of complex s t r u c t u r e  
[6]: finned or  porous  su r f ace s ,  including porous  rad ia t ion  b u r n e r s ,  the su r f aces  of f ree - f lowing  or  f luidized 
beds ,  and a lso  in the de te rmina t ion  of the effect ive  value for  r by means  of which we account for the non- 
uni formi ty  in t e m p e r a t u r e s  through the depth of the m i c r o c a v i t i e s  at the spec imen  sur face .  

A d rawback  of the p roposed  method is  the change in su r face  t e m p e r a t u r e  which r e s u l t s  as  the p y r o -  
m e t e r  and the a t t achment  a r e  brought  c lose  to the object  in m e a s u r i n g  E 0. This  d rawback  can be e l imina ted  
in b r i e f  m e a s u r e m e n t s  of E 0 o r  in the case  of a moving object ,  e .g . ,  in the case  of a f lu idtzed bed,  when the 
p a r t i c l e s  at  the su r face  a re  r ap id ly  r ep laced ,  so that  they cannot cool off. In this  connection, to r e t a in  con- 
s tancy  of t e m p e r a t u r e s  for objec ts  with f lat  o r  rough su r f ace s ,  we can r ecommend  the following device 
(Fig. 3). A c i r c u l a r  plate  or  a l a y e r  of t e s t  m a t e r i a l  is  posi t ioned on a ro ta t ing  hea t - i n su l a t ed  disk ,  p laced  
ins ide  a heat ing chamber .  Two iden t ica l  p r y o m e t e r s  with a t t achments  a r e  pa s sed  into the c ha m be r  through 
an o r i f i ce  and a re  d i r ec t ed  at  the d isk  with the t es t  m a t e r i a l .  One of the p a r a m e t e r s  is  w a t e r - c o o l e d  and 
b lackened on the ins ide.  Its function is to sh ie ld  the eyep iece  of one of the p y r o m e t e r s  and to comple te ly  
abso rb  the r ad ian t  flux f rom the plate .  In this  case ,  the p y r o m e t e r  m e a s u r e s  the na tura l  r ad ian t  flow of 
the m a t e r i a l .  The other  a t tachment  - the adiabat ic  one - is  made to sa t i s fy  the r e q u i r e m e n t s  s ta ted  above.  
Because  of the r ap id  ro ta t ion  of the d isk  and the t e s t  m a t e r i a l  on it,  the t e m p e r a t u r e  s t ays  constant  over  the 
en t i r e  sur face ,  including those segments  d i r e c t l y  beneath the a t t achments .  

In des igning a cold a t tachment  there  is  no longer  any need to s a t i s fy  the r e q u i r e m e n t s  imposed  on the 
ad iaba t ic  a t tachment ;  in this  case ,  we need only sa t i s fy  the condition that  D is l a r g e r  than the d i a m e t e r  of 
the eyep iece  and that  the ins ide  su r face  of the a t t achment  comple te ly  a ds o r bs  the flux incident  on it,  without 
any radia t ion .  The advantages  of the device and of the method also  lie in the fact that  uniform heat ing of the 
m a t e r i a l  through i ts  th ickness  is  achieved within the chamber ,  which is p a r t i c u l a r l y  impor t an t  for  nonheat-  
r e s i s t a n t  m a t e r i a l s  exhibi t ing low t h e r m a l  conductivi ty,  i .e . ,  c e r a m i c s ,  g l a s s  c e r a m i c s ,  i n s u l a t i o n m a t e r i a l s ,  
and the l ike.  The usual methods of de t e rmin ing  e ca l l  for  the un i l a te ra l  heat ing of the spec imen  plate .  This 
is  diff icul t  to achieve for  such m a t e r i a l s ,  s ince  i t  is imposs ib l e ,  because  of the high t h e r m a l  r e s i s t a n c e ,  
to r a i s e  the t e m p e r a t u r e  of the su r face  facing the p y r o m e t e r  above some l imi t ,  as wel l  as because  of the 
fact that  the spec imen  is not heat  r e s i s t a n t  and may be des t royed .  
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It  i s  obv ious  tha t  wi th  s l i g h t  s t r u c t u r a l  c ha nge s  we can  use th i s  d e v i c e  to d e t e r m i n e  the s p e c t r a l ,  i n t e -  
g r a l ,  n o r m a l ,  o r  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  m a t e r i a l .  

Le t  us e v a l u a t e  the  e r r o r  of the  m e t h o d  in r e l a t i o n  to the p a r a m e t e r s  of the  a t t a c h m e n t .  F r o m  (6) 
we find the r e l a t i v e  e r r o r  in the  d e t e r m i n a t i o n  of Eef  fl a s  a funct ion of the  n o n a d i a b a t i e i t y  of the a t t a c h m e n t  
s u r f a c e  2, i . e . ,  a s  a funct ion of the  hea t  l o s s e s  f r o m  the a t t a c h m e n t  to the a m b i e n t  m e d i u m :  

gEnii = 8E~z. (12) 

F r o m  the  cond i t ion  fo r  the  d e t e r m i n a t i o n  of the  e m i s s i v i t y  

E t _ E~ e (13) 
Eo E ~ l  

we find the  r e l a t i v e  e r r o r  in the  d e t e r m i n a t i o n  of 5, i . e . ,  

and for  the  t e m p e r a t u r e ,  f r o m  the equa t ion  

we have  

(14) 

E ~ t  = Eoi := %T 4 (15) 

6T = 0.25 6E,f~ I. (16) 

The m e t h o d  of d e t e r m i n i n g  ~ was  t e s t e d  on o x i d i z e d  s u r f a c e s  of c o p p e r ,  b r a s s ,  and D u r a l u m i n ,  in 
l i m i t s  f r o m  200 to 450~ We s t u d i e d  nine con ic  a t t a c h m e n t s  of v a r i o u s  d i m e n s i o n s  D / d  = 1-10 and h / d  
= 1-10.  F o r  the  p y r o m e t e r  we took  a u n i v e r s a l  a c u t e - a n g l e  t o t a l - r a d i a t i o n  r a d i o m e t e r  p r o b e  d e s i g e e d  by 
the Gas  In s t i t u t e  of the  A c a d e m y  of S c i e n c e s  of the  U k r a i n i a n  SSR with  d -~ 15 m m  [7]. A f la t  h e a t e r  was  
used  to  h e a t  the  s p e c i m e n  p l a t e s  on one s i d e .  F o r  c o m p a r i s o n  wi th  the  c l a s s i c a l  me thod ,  t h e r m o e o u p l e s  
w e r e  i m b e d d e d  on the s p e c i m e n  s u r f a c e s .  T e s t s  wi th  v a r i o u s  a t t a c h m e n t  d i m e n s i o n s  c o n f i r m e d  the t h e o -  
r e t i c a l  c u r v e s  (Fig.  2). The r e s u l t s  f r o m  the  d e t e r m i n a t i o n  of a fo r  the t e s t  m a t e r i a l s  a r e  c l o s e  to those  
c i t e d  in the  l i t e r a t u r e .  Th i s  m e t h o d  was  a l s o  used  to d e t e r m i n e  the e m i s s i v i t y  of  a f l u id i zed  bed  [8] and  to 
m e a s u r e  the t e m p e r a t u r e  of i t e m s  h e a t e d  wi th in  a f u r n a c e .  

E 
b~ 
k 
T 
% = 5.68 �9 108 

a a n d r  
d, D, and h 

F 

~ k  
6 

N O T A T I O N  

is  the  i n t r i n s i c  r a d i a n t  hea t  f lux,  W / m 2 ;  
is  the  s p e c t r a l  r a d i a t i o n  i n t e n s i t y ,  W / m 3 ;  
i s  the  wave l eng th ,  m; 
i s  the a b s o l u t e  t e m p e r a t u r e ,  ~ 
W / m  2 �9 deg4; 

i s  the  e m i s s i v i t y ;  
a r e ,  r e s p e c t i v e l y ,  the c o e f f i c i e n t s  of a b s o r p t i o n  and r e f l e c t i o n ;  
a r e  the  g e o m e t r i c  d i m e n s i o n s  of the  a t t a c h m e n t ,  i . e . ,  the  o r i f i c e  d i a m e t e r  on the p y r o -  
m e t e r  s i d e ,  the s a m e  f r o m  the s ide  of the  o b j e c t ' s  s u r f a c e ,  and the he igh t ,  r e s t ~ c t i v e l y ,  
m;  
i s  the  s u r f a c e  a r e a ,  m2; 

is  the ang le  f a c t o r  f r o m  s u r f a c e  i to s u r f a c e  k; 
i s  the  r e l a t i v e  e r r o r .  

S u b s c r i p t s  

1, 2, and  3 
0 
in 
e l f  
r e s  
r e f  

deno te  the  s u r f a c e  n u m b e r s ,  s e e  F ig .  1; 
p e r t a i n s  to a b s o l u t e  b l a c k - b o d y  r a d i a t i o n ;  
p e r t a i n s  to the i n s i d e  s u r f a c e ;  
p e r t a i n s  to the  e f f e c t i v e  r a d i a n t  flow; 
deno t e s  the  r e s u l t i n g  flow; 
deno t e s  the  r e f l e c t e d  flow. 
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