
K = 0,25 = 9 ,0704.10_5m~ 
(2.3564/0,047125# @ (1.51508/0,09471143) 2 

a~ == mK=5,21528.10-3.9.0704.10 ~ = 4 . 7 3 0 4 7 . 1 0  -7 m2/~c.  

This value is 4.5% less than that assumed. Hence, the calculation should be repeated. 
Repeating the calculation for G~ = 4.73047.10 -7, we obtain the second value G~ = 4.7045.10 -7 
Finally, the third time for G~ = 4.7045.10 -7 we have a'~ = 4.714"i0 -~ and finally G~ = 
(a[ + a'~)/2 = 4.709.10 -7 m~/sec, ~ = a~c~ = 1.006 W/m,K. 

In a test with a thicker shell (K L = 1.01351, K R = 1.0131358), a cooling rate of m = 
4.9375.10 -~ sec -~ was observed. Repetition of the calculation procedure yields ax = 
4.7983.10 -~ m~/sec (Zx = 1.0249 W/m.K), whose magnitude is 1.9% greater than the transition 
value. This indicates the good agreement between the experimental and theoretical results. 

NOTATION 

T, temperature; z, time; x, r, cylindrical coordinates; @:(T(x, r, ~)--Ty)/(T0--Tj); L, R. 6 , cylinder 
dimensions (Fig. i); ~L; ~l=r/R; FoR:a~/R2;FoL:a~TL2 ; a, thermal diffusivity; ~, heat conduc- 
tion; D, density; c, specific heat; ~, heat-transfer coefficient; K~=a~/a2; K == I k~)~c{k2p_c_,; BiL= 
C~LL/%2; BiR=:aRR.Z.~; KL--I~6L l ;  A ' R = I + 6 R . R ;  KRL:R.:L; &,, d~, t%, Y~ , Bessel_ f u n c t i o n s ; _  ~n ,  ~k ,  r o o t s  o f  
the characteristic equations (15) and (16) ; Go = ]0(~ I~-K--a)Y,~(~KR I Ka)--Jo(PK R I Kc)Y,,(,u I~) Ct 
Jz(.t~l A~,)Y (~K s~ K~,]--Jo(HK R l~//~DY~Qt|r~). Subscripts: i, main cylinder, first; 2, shell; L, 
axial, plate; R, radial, cylinder; 0, initial; f, fluid medium. 
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THEORETICAL AND EXPERIMENTAL I~ESTIGATION OF THE ABSORPTION 

COEFFICIENT OF DIFFERENT BLACKBODY MODELS 

S. B. Kiselev and O. Ao Kraev UDC 536.3 

Numerical computations are performed and results are presented of an experimental 
investigation of the effective absorption coefficient of radiant heat flows of 
cavities of complex configuration, 

The measurement of radiant energy by using thermal detectors--radiometers usually in- 
cludes two stages: absorption of radiant energy and its conversion into heat, and measure- 
ment of the quantity of absorbed heat. Blackbody models in the form of spherical, cylindrical, 
conical cavities, as well as more complex configurations are used as radiation absorbers in 
precision radiometers. The computations of the cavity absorption coefficients are fraught 
with serious technical difficulties and are executed principally for simple shapes [1-4]. 
Papers [5, 6] are also known in which an attempt is made to analyze absorbers of more complex 
configuration under definite simplifying &ssumptions. The lack of experimental work in this 
area does not permit an assessment of the legitimacy of the assumptions made and of the ac- 
curacy of the results obtained, In this paper we present the results of a complex investiga- 
tion in which the absorption coefficients of cavities of certain complex shapes used in prac- 
tice were determined by both computational and experimental means. 

The problem of theoretical computational determination of the absorption coefficient of 
combination cavities consisting of N different surfaces by using a generalized zonal method 
will reduce, in the long run, to solving a system of integral equations of the form [7] 

All-Union Scientific-Research Institute of Physicotechnical and Radiotechnical Measure- 
ments. Translated from Inzhenerno-Fizicheskii Zhurnal, Vol. 43, No. 5, pp. 822-826, Novem- 
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Fig. I. Geometric characteristics of a cavity: 
numbers of the surface. 

1-3) 

Fig. 2. Change in the effective absorption coeffi- 
cient of cavities as a function of the degree of wall 
blackness: i, 2, 3) H = 0; O = 20, 15, i0 ~ respec- 
tively; 4) H = 2.4; O = 60~ R = i, 0; Ro = 0.333. 

,@ 

Fig. 3, Diagram of the 
experimental installation 
to determine the absorp- 
tion coefficient of cavi- 
ties of different con- 
figurations. 
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where ~ ( r d  i s  the  e f f e c t i v e  r a d i a t i o n  f l u x  d e n s i t y  of  the i - t h  s u r f a c e ;  ~ i  = 1--ci, r e f l e c -  
t i on  coefficient of the i-th surface; gi(ri), heat-flux density or the temperature distribu- 
tion on the i-th surface (given in the boundary conditions); and Kij, kernel of the integral 
equation which is determined by the system geometry. 

The effective absorption coefficient of a cavity ~ef is determined by means of the known 
-+ 

quantity ~i(r~) , determined from the solution of the system (i), from the equation 

Qref (2 )  
ge f  = 1 Q inc"  

Here the magnitude of the reflected heat is defined by the relationship 

N 

E S b ; i  o A dAo, 
i = l  A i Ao 

where the subscript 0 refers to the hole, and Qinc is set equal to one for simplicity. We 
performed the solution of the system (i) and the evaluation of eef for cavities of complex 

§ . f configuration, To find the function @i(ri) and determine Qref, we here used the algorlthm o 
[8] that includes successive application or the Gauss formula for 7, 6, 5, and 4 nodal points, 
respectively, to calculate all the surface integrals (1)-(3). To increase the accuracy in 
calculating the integrals in (i) in this paper, we use an integration scheme with ten nodal 
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points, while the number of nodal points was increased to 32 when evaluating the expression 
(3). The application of such an integration scheme permitted raising the accuracy in calcu- 
lating aef somewhat (tO 0.1% for Ewe0.9) as compared with 2% as presented in [8], and ob- 
taining the error mentioned in [8] for the quantities eef for ew ~0.5. The computations were 
executed for cavities of complex configuration (see Fig. i) for four different values of the 
parameters H, e, Ro. The computation results are presented in Fig. 2. From an analysis of 
the figure there follows that for approximately equal geometric dimensions, the ~ef is higher 
for a cylindrical cavity with a conical bottom (curve 4) than for a simply conical cavity 
(curves 2 and 3). In order to obtain identical values of ~ef, the depth of the conical cavi- 
ty should be approximately twice as large as for the cylindrical cavity. This circumstance 
can be utilized in the construction of the actual cavities of radiation detectors. 

In order to confirm the described method of computing ~ef experimentally and to deter- 
mine the accuracy of the calculations presented~ we performed experimental investigations of 
the absorption coefficient of the cavities examined above. To do this, we used an installa- 
tion whose diagram is presented in Fig. 3. The STs-75 lamp 1 of 4-W intensity and 4-V volt- 
age with a small point incandescent body was the radiation source. The radiation flux from 
this lamp was interrupted periodically at a 90-Hz frequency by using the disc modulator 2 
rotated by the electric motor 3, and it was incident on the receiving hole in the cavity be- 
ing investigated 4. Part of the radiation is absorbed by the cavity, while another part is 
reflected. To measure the reflected radiation density we used a photoresistor 5 of FS-AI 
type, clamped on the diaphragm 6 so that reflected radiation from the cavity was incident on 
the photoresistor through the side hole located alongside the central entrance hole. Be- 
cause of the diffuse nature of the reflection, the radiation density being measured will be 
practically equal to the reflected radiation density in the entrance hole of the diaphragm. 
The electrical signal from the photoresistor goes to the alternating current amplifier 7 with 
the rectifier, and is measured by the millivoltmeter 8. 

The process of determining the absorption coefficient includes two stages. First the 
density of the radiation reflected from the cavity is measured, the millivoltmeter readings 
and the distance rl between the radiation source and the entrance hole of the cavity are 
noted. Then the photoresistor is removed from the diaphragm~ is rotated by the receiving 
surface to the radiation source and is removed to a distance r2 at which the millimeter read- 
ing becomes equal to the previous one. By using the law of inverse squares of the magnitude 
of the radiation density (or illumination) as a function of the distance from the source, a 
computational formula can be obtained to determine the reflection coefficient ~ of the cavity 
under investigation: 

k ef  = (q l r2)  2- ( 4 ) 

The formula to determine the absorption coefficient of the cavity will therefore have 
the form 

~ e f  = 1 - -  ( r j Q )  2. ( 5 )  

The absorption coefficient ~ef is therefore determined on the basis of measuring the 
distances r~ and r2, here the radiation meter itself operates in the constant signal mode and 
does not require preliminary calibration. The distances r~ and r2 in (4) and (5) can be 
measured sufficiently accurately, hence the main error in the method described is associated 
with the assumption about the diffuse nature of the cavity wall reflection and about the 
uniform distribution of the reflectedJflux density over the area of the cavity entrance hole. 
According to our estimates, the error in measuring the reflection coefficient ~ is 15-20%~ 
which corresponds to a relative error of A~ef ~1% for the cavities being investigated. 

Such cavity shapes as are often utilized in radiometers, viz., in the shape of a cone 
and cylinder with entrance diaphragms, were selected for the measurement of the absorption 
coefficient. The diaphragm outer diameter was 36 mm, the inner diameter was 12 mm, the length 
of the cylindrical section was 43 mm, and the angles at the vertex of the conical cavities 
were i0, 15, and 20 ~ . Specially selected coatings with diffuse nature of the reflection and 
different emissivities were deposited on the inner surface of the cavities. Dyes based on 
corundum powders (s w = 0.51• 0.05 and 0.7.• 0.04) and soot (e w = 0.92• 0.03)were used as 
coatings. The coating emissivity ew was determined on the same installation by a method ana- 
logous to that described. 

The absorption coefficients of the cavities were measured for different angles of beam 
incidence with subsequent averaging. The experimental data and results of computations for 

1285 



TABLE I. Computed and Experimental Values of the Absorption 
Coefficient ~ef of the Cavities Being Investigated 

Cylindrical cavity 
H=2.4, Ro=0.833 Conical cavity H=O, Ro=0,333 

~w . [ ~  i e=i~176 e='5~ @=2~176 

I H 

0,51 
0,7 

0,92 

0,982 0,980 
0,991 0,990 

0,998 0,997 

I II 

0,977 0,979 
0,989 0,992 
0,998 0,998 

I I I  

0,972 0,973 
0,987 0,983 
0,996 0,995 

I I1 

0,964 0,966 

0,983 0,980 
0,995 0,993 

Remark: I) computation; II) experiment. 

the absorption coefficients of different cavities are presented in Table I, from which it is 
seen that they are in good agreement. The maximal deviation of the computed values of ~ef 
from the experimental does not exceed 0.4%, which is within the limits of experimental error, 
and corresponds to the mentioned computational accuracy for the algorithm used. A further 
increase in the accuracy of calculating ~ef is related to the rise in accuracy of the integra- 
tion in (1)-(3). This can be achieved by utilizing the Gauss formula with 38-40 nodal points 
in evaluating all the integrals in (1)-(3), which is associated with a significant increase 
in the computation time (to 40-100 h on an electronic computer of ES-I022 type). Hence, it 
is expedient to execute such computations for one selected detector construction. The ac- 
curacy of calculating ~ef can here reach 0.05%, which is completely acceptable for the ma- 
jority of practical problems. 

NOTATION 

@, cavity cone angle; H, cavity height; R, radius; Ro, radius of cavity diaphragm; g, 
emissivity; I, reflection coefficient; ~, absorption coefficient; @inc, incident heat; @ref, 
reflected heat. 

l, 

2. 

3. 

4. 

. 

6. 

7. 
8. 
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