
D E T E R M I N A T I O N  OF T H E  A B S O R P T I V I T Y  OF I N S I D E  

S U R F A C E S  OF A C Y L I N D R I C A L  V A C U U M  C H A M B E R  

P .  P .  S h i l o n o s o v  a n d  A.  S. L y a l i k o v  UDC 536.3 

A method for  exper imenta l  de terminat ion of the absorp t iv i ty  of the inside sur faces  of a cyl in-  
dr ica l  vacuum c h a m b e r  is proposed.  

To calculate  radiant  heat  t r an s f e r  it is some t imes  n e c e s s a r y  to es tabl i sh  the absorpt iv i ty  of the in- 
side su r faces  of a cyl indrical  vacuum chamber  in a state cha rac t e r i s t i c  for  opera t ing conditions. This  
p rob lem can be solved if we take into account the following. 

Suppose that in a s y s t e m  of two coaxial ly  a r ranged  cyl indrical  bodies  of the same  length (Fig. 1) fo r  
which d << D, body 1 is a hea ter ,  each of the su r faces  1-4 is i s o t h e r m a l ,  and the absorp t iv i t ies  within the 
l imi ts  of the sur face  a re  constant .  Then the radiant  ba lance- f lux  for  any of the sur faces  is equal to 

4 
Xi ~ .  Qef. kq~k. i - -  Qef. i, (1) 

and 

Qef.i = x~ ( - ~ - - 1 ) +  Qself.0. (2) 

Substituting (2) into (1) gives  

4 

F o r  nonconcave bodies  1, 2, 

not include X i. Then for  bodies  1, 

and for  body 4 

(3) 

4 
3 the t e r m s  Qef.t~0i,t a re  equal to zero,  and there fore  ~ Q e f . k C k ,  i does 

h~l 
2, 3 we obtained on the bas i s  of Eq. (3) 

4 
x ,  = [ - ~ (4) 

k=l 

l 3 
Xa 4 

We wri te  s y s t e m  of Eqs. (2)-(5) in an expanded fo rm 

4F , -~-o'oT3 a ] (P3,1 -~ [ X 4 ( 7  4 - -  1)-}-%T~F4]c~4,1--%T~Fx} 
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Fig.  t .  D i a g r a m  fo r  d e t e r -  
mining  the abso rp t i v i t y  of in- 
s ide s u r f a c e s  of a cy l ind r i ca l  
vacuum c h a m b e r :  1) he a t e r ;  
2, 3, 4) s u r f a c e s  of c h a m b e r ;  
S 2 and S 3) shie lds .  

1 
X4 :z { [ X l ( ~ l - - 1 )  @6oT~Fll qz,,4 

X z - -  1 -r (JoT2F.,. q02,4 ~- 

§  ~3,4--%T~F4 ( 1 -  q~4.~)} �9 

The i r r ad i anee  coef f i c ien t s  f igur ing  in (6) can be ca lcu la ted  
a c c o r d i n g  to [1] and [2]. 

Sys tem of Eqs.  (6) can be  used fo r  subs tan t ia t ing  the method 
of expe r imen ta l  de t e rmina t ion  of the abso rp t iv i ty  of the ins ide s u r -  
f a c e s  of a cy l i nd r i ca l  v a c u u m  c h a m b e r .  The e x p e r i m e n t  to d e t e r -  
mine  the abso rp t iv i ty  of the inside c y l i n d r i c a l  s u r f a c e  of the c h a m b e r  
is c a r r i e d  out in the fol lowing way (Fig. 1). A h e a t e r  1 with a known 

high abso rp t iv i t y  A t and sh ie Ids  S 2 and S 3 having  a known low abso rp t i v i t y  (As2 = AS3 ) a r e  instal led eoax ia l ly  
in the c h a m b e r .  At a v a c u u m  p rec lud ing  convect ion  and cons tan t  power  of  the h e a t e r  the s y s t e m  is b rough t  
to a s t eady  r e g i m e  of heat  t r a n s f e r ,  a f te r  which the power  of the hea t e r  and the ave rage  t e m p e r a t u r e s  of 
the s u r f a c e s  a r e  m e a s u r e d .  In this ea se  the unknown quant i t ies  in (6) a re  XS2, SSo , X4, and A t. With con-  
s ide ra t ion  of s y m m e t r y  of the s y s t e m  (Fig. 1) and AS2 = AS3 the rad ian t  b a l a n c e - f l u x e s  XS2 and XS3 a re  
equal.  

Equat ions  (6), by  subs t i tu t ing  the given and e x p e r i m e n t a l l y  m e a s u r e d  va lues  into them, a r e  reduced  
to the f o r m  

a~Xs2 + a~X4 ( ! _ 1) = a0, 

(' ) blXs2 "4:" bzX~ ~ - -  1 = bo, (7) 

[ ( ' ) ]  clXs2-}- X 4 c 2 ~ - -  1 q- 1 ~-co, 

w h e r e  a, b, c a re  n u m e r i c a l  coef f i c ien t s  which depend on the given and expe r imen ta l l y  d e t e r m i n e d  va lues .  

The solut ion of s y s t e m  (7) p e r m i t s  de t e rmin ing  the abso rp t iv i t y  A 4 of the inside cy l ind r i ca l  su r f a c e  
4 of the v a c u u m  c h a m b e r .  F o r  the s a m e  s ta te  of all inside s u r f a c e s  we should c o n s i d e r  that A 2 = A 3 = A 4. 

In the c a s e  when A 2 ~ A 3 ~ A 4 it is r equ i red  to conduct  two m o r e  e x p e r i m e n t s  to de t e rmine  a b s o r p t i v -  
ity A 2 and A 3. 

The f i r s t  of them is conducted in the p r e s e n c e  of jus t  one of the shie lds .  In this ease  X, and X S a r e  
de t e rmined  f r o m  s y s t e m  of equat ions  (6) (if shield S 3 is left), and ~ 3 a l so  the abso rp t iv i ty  of the end su r f a c e  
A 2 �9 

The second e x p e r i m e n t  is conducted  without  shie lds .  Sys t em (6) in this ease  will  contain  X2, X3, X4, 
and A 3 as  the unknowns,  and on so lv ing  it abso rp t iv i ty  A 3 is found. 

The poss ib i l i t y  of imp lemen t ing  this method of de t e rmin ing  the abso rp t iv i ty  of the inside s u r f a c e s  of 
a cy l i nd r i ca l  v a c u u m  c h a m b e r  wa s  checked on a c h a m b e r  whose  inside d i a m e t e r  was  D = 610 m m  and length 
L = 540 mm.  Along the longitudinal  axis  of the c h a m b e r  was  a cy l i nd r i ca l  e l ec t r i c  h e a t e r  with d i a m e t e r  
d = 35 m m  and length l p r a c t i c a l l y  equal to L (l = 535 mm) coated with candle  black,  and a luminum foil 
sh ie lds  w e r e  p laced on the inside s u r f a c e s  of the bo t tom and c o v e r  of the c h a m b e r .  At a v a c u u m  of 10 .5 
m m  Hg and s teady t h e r m a l  r e g i m e  of the en t i re  s y s t e m  we m e a s u r e d  the p o w e r  d i ss ipa ted  by  the hea t e r  
and the ave r age  t e m p e r a t u r e s  of s u r f a c e s  1, $2, $3, and 4. 
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TS 2 

The following r e s u l t s  w e r e  obtained on conduct ing the expe r imen t :  X 1 = 
= TS3 = 323~ T 4 = 303.6OK. 

The expe r imen ta l  r e s u l t s  w e r e  t r ea ted  in the fol lowing o r d e r .  

1. Using Eq, (7) [1], 

- 1 2 7  W; T i = 506.4~ 

m 2 . 

(~4,4 = 1 = 2 ~ aretg I @ 1 

v (+; 
x a r c s i n r  a~-~_)~ " ( l + 4 c ~ - Z - a r c t g [ V i + 4 ~ ~  t g a r c s i n l / i - ( - ~ - - ) "  ] ' 

where c~ = D /2L  and fi/o~ = d /D,  we obtain qo4, 4 = 0.5163 and H4, 4 = qo4,4F 4 = 0.5344 m 2. 

2. F r o m  Fig.  2b [7] we found r = q)t,S 3 = 0.39 and consequent ly Hi, s2 = Hi,S2 = ~Ol,S2F ~ = 0.0232 

3. Having wr i t t en  the c l o s u r e  condi t ions  [2] in the f o r m  

HI,4 + 2HI,s2 = F1, 

HI,4 -~- H4,4 q- 2H4,s 2 = F~, 

HI.S~ + HSa,S3+ H4,S 3 = FS2 

and having solved this s y s t e m  fo r  mutual  s u r f a c e s  Hi,a, H4,82, ' and HS~.,S2, we d e t e r m i n e  ~ol,4, q)4,$2 , and 

08~,83 and the reby  we  obtain the va lues  of all i r r ad t ance  coef f ic ien ts  fo r  the s y s t e m  

~1.1 = 0 ~S2,1 = 0,0794 ~S3.1 = 0,0794 q~4,1 = 0,01266 

%.S2 =: 0,39 qDSz,S2 = 0 q0Sz,s2 = 0,0857 ~4s z -- 0,2355 

%,s3 = 0,39 .~s~,s3 = 0,0857 ~0SvS3 = 0 %,s2 = 0,2355 
%,4 =: 0,22 ~PS~,4 = 0,835 q~S~,4 = 0,835 qo4,4 = 0,5163 

4 4 4 4 

.~. ~p~,.,~ == 1,0 .~4~ rPSz.k = 1,001 qDSs,k -- 1,001 ~ ~4.k = 0,99996 
k = l  k = l  k = l  f i~ i  

4. Having subs t i tu ted  the expe r imen ta l  data  fo r  Xl, Ti,  TS2 , and T4, the va lues  of A 1 and AS2 = AS8 
(on the bas i s  of the r e f e r e n c e  data,  A 1 = 0.94 [3] and AS2 = AS3 = 0.03 [4] a r e  used),  and the va lues  of the 
c o r r e s p o n d i n g  i r r a d t a n c e  coef f i c ien t s  into (6), a f t e r  t r a n s f o r m a t i o n s  we obtain s y s t e m  (7) in the f o r m  

Z / 1 1)--51,5021 = 0, 4,8265 X s e §  0,01t9 , / ~ - ~  - -  

( 1 _ I )  + 1 , 0 9 0 = 0 ,  --0,91687 Xs~ 4- 0,007065 X~ \ 
A-~ 

53,99661 Xs~ - -  0,4837 X 4 i ' l l _ _  1 ) - - X  4 § 108,537 = 0, 
l, A~ 

f r o m  which we f indXs2 = 8.3746W, X 4 = 110.2985 W, and the abso rp t iv i t y  of the pol ished r o l l e d - s t e e l  s u r -  
face  4 of in t e res t  t o u s ,  A 4 = 0.0807. 

4 

Using fo r  the en t i r e  s y s t e m  the equation ~ X i = 0 as the check  equat ion,  we have 

--127,0+ 110,2935+2.8,3746=0,0427 w. 

The 0.034% deviat ion with r e s p e c t  to the ba lance  of the rad ian t  ba l ance - f l uxes  m a y  be the r e su l t  of e r r o r s  
in m e a s u r i n g  the expe r imen ta l  quant i t ies  and the accumula t ion  of ca lcu la t ion  e r r o r s .  

F o r  a vacuum c h a m b e r  with p r a c t i c a l l y  the same  s ta te  of all in te rna l  s u r f a c e s  with s u c c e s s i v e  d e t e r -  
minat ion of A1, A2, A s by  the method d e s c r i b e d  we obtained c lose  va lues  of these  quant i t ies .  T h e i r  dev ia -  
tion f r o m  the ave r a ge  value X = (A 4 + A 2 + A3)/3 was  ( + 8 . 1 ) - ( - 9 . 5 ) % .  
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