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A bstract-Theanalytical determination of integral angularradiation factors is very complicated for most 
practical cases. The known graphical and analytical methods do not present a satisfactory solution of 
problem as a whole. 

In this work the writer makes an attempt to solve the problem ex~rimentally. Analytical rela- 
tions were obtained, which make it possible to establish simple ex~rimental methods of dete~ining 
angular radiation factors for a general case of a spatial probiem, which plays an important role in the 
solution of engineering problems of heat transfer by radiation. In addition, it was possible to find the 
optical characteristics of grey surfaces: the average factors of absorption, reflection and radiation. 

Rt%sume-Des formules analytiques, fond& sur la theorie moderne du rayonnement thermique, ont Cte 
etablies. Ces formules conduisent a des methodes exp~rimentales simples ~~ettant de d~te~iner le 
coefficient geometrique moyen de rayonnement dam le cas de problem-s trcs generaux et de surfaces 

grises. 

Zusammenfassung-Auf der Grundlage der modernen Theorie der Temperaturstrahlung wurden ana- 
lytische Formeln abgeleitet, mit deren Hilfe man zu einfachen experimentellen Methoden bei der Bestim- 
mung des mittleren Fl~henverh~ltnisses im allgemeinen Falle und bei grau strahlenden Oberfliichen 

gelangt. 

Abstract-AnanrrrwecKoe OIIpeReneHHe AHTerpaJIbHbIX J%IOBbIX K03@@H~MeHTOB M3ny'reHHR 
fiJIH 60JIbIIIllHCTBa IIpaKTIlYeCKHX CJIJ'saeB COIIpHWeHO C HeIIpeOAOJIMMhlMM TpY~HOCTfIMM. 
MasecTme rpa+asecKHe II rpaQloaHamTlnseCme cnocoBb~TaKl~e Ke RPMBORRT K y~omemo- 
PMTeJlbHOMY peI.UeHZZKI BOIIpOCa B i&eJlOM. 

R ~aHH0~ pa6oTe ~pe~~p~H~Ta nO~blTKa PeUIHTb 3a#Ny 3KCnep~~eHTa~bH~~ IIYTBM. 
c DTOZt UeJIbIoHa&geHbl aHa~~T~YeCK~eCOOT~O~eH~~,KOTO~bIe~O3BO~~~~ C03~aTbllpOCTbie 
3KClIepHMeHTaJIbHMe MeTOAbI OIIpeAeJIeHWI J'UIOBbIX KOEN#@qHeHTOB N3JI)"JeHHH B oriwertc 
CJIyWe IlpOCTpaHCTBeHHOfi 3agaW4, YTO BeCbMa BaHlHO ,&W TeIIJIOTeXHB'IeCKHX paCqi$TOB 
JIyWCTOrO TennOO6MeHa. HpOMe 3TOr0, OKa3aJlOCb BoBMO)f(HbIM HaXOnHTb OIITMYeCKEie 
XapaKTepHCTaKM CepbIX IIOBepXHOCTe&: HHTei?paJIbHbiX KO3~~~~~eHTOB ~Or~O~eH~~, 

OTpa~eH~~ EI ~3~~YeH~i~. 

THE average geometrical factor is of great surface QOi into the semispace in the direction 
importance when the modem analytical methods of k. 
of heat transfer theory by radiation are being OiK in the formula (1) is the angle between the 
applied to the solution of engineering problems. direction of the radiation and the normal to the 

$dk =&[SCOS 8i,. dad, e dF, 

platform dF, situated at the surface k; dwi, is 
(1) an elementary solid angle with the opening 

F, Ft 
angle at dFi. The application of the integral 

This coefficient expresses physically the relation 
formula (1) is rather complicated in practice. 

of radiant heat Aow Qak emitted by a black 
The involved graphical and analytical methods 

surface i and which is incident upon the surface 
of approximative evaluation of $ik [I-lo] do 

k, to the total radiating heat flow emitted by the 
not give a satisfactory solution to the problem. 

The experimental method set forth below 
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simplifies not only the determination of +il, but 
also of some other optical parameters as well. 

Let us consider an unenclosed radiating system 
of two arbitrarily situated thin and reciprocally 
concaved plates (1) and (2) shown in Fig. 1. 
Suppose that the internal surfaces of the plates 
(1) and (2) are grey (0 < A,, A, < 1) and their 
external surfaces are black (A: = A; = 1) 
where Al, A,, A;, A; are the total absorption 
coefficients. 

It is assumed that we have a constant energy 
source with a continuous and uniform heat 
flow supply along the external surface of the 
plate. 

If the plates (1) and (2) are placed (Fig. 1) 
into a medium permeable to heat rays then a 
stationary thermal regime will be established 

FIG. 1. 

between them as a result of heat transfer by 
radiation and under the conditions of such a 
thermal regime the plates will have absolute 
temperatures T1 = const. and T, = const. 

Using equation (1) 

EW) __ - 
AWf) s E&V 

R(N) Ao K( M, N)dFM = 

F 

s 4. K(M,N)dFM - E,(M), (2) 

F 

where E, and E, are the densities of incident and 
black radiation, respectively, A and R grey body 
absorption and reflection coefficients, K(M,N) 
dFM an elementary geometrical factor. The 
indices M and N at the values entering the equa- 
tion (2) indicate that these values correspond to 
the points at the boundary surface of the 
radiating body under consideration at given 
points M and N. 

If a closed radiating system consists of a finite 
number n of optically uniform grey surfaces at 

dik = 4(& F,), (i. k = 1,2,3, . . .) (3) 
where $(M,,F,) is a radiating local geometrical 
factor then the equation (2) converts into a 
final system of linear algebraic equations of the 
following type [ 12, 131. 

Evi= Ai 5 A,. QikEik, (4) h := , 
where 

when E, k and E,i are densities of black radiation 
(E, = uoT4) relative to the surfaces k and i. 

The parameter @ik expresses the optical and 
geometrical properties of any pair of grey sur- 
faces i and k depending on all the grey surfaces 
entering the given system. If the surfaces are 
black then Dpi, = +ik. 

The radiating system under consideration 
differs from those described by the equations 
(3) and (4) not only by the fact that this system 
is an unenclosed one, but also by the fact that the 
plate (2) is absorbing a radiating energy by nne 
of its surfaces (internal) and radiates by both- 
internal and external. 

The first difference is not an important one, 
since an unenclosed system may be easily con- 
verted into a closed one by an imaginary 
cover (3) (Fig. l), the optical properties of which 
may depend upon the surrounding conditions. 
For example, in the system under consideration 
this cover has black body properties (A, = 1) 
at absolute zero (T3 = 0). 

The second difference is more important 
since it leads to a different expression for E,, 
than follows from the equations (3) and (4). 

So, taking all this into account we can find 
the following expression for the density of the 
total radiation of the plate 

E,., = A2 i A k cD2 k Ek2 -- E,, (6) 
k=L 

In the case of the steady-state thermal regime 
for a given radiating system E,, = 0, and there- 
fore equation (6) becomes 

AA@&, + -4f@2&22 + A2A3@23E32 = 42 (7) 
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But as we have Thus, taking into account the known properties 

A3 = 1, of geometrical factors, one may write 

Eza = Em - E,= 0, E,, = 0, %F, = %FI (15) 

Es2 = Eo3 - E,, = - E,, where FI and Fz are the heat transfer areas of the 

then from the equation (7) we get plates (1) and (2), and hence 

A, a As . @w% - &%,E,~ = Em 0) FZ 

The conditions of the system being closed @I2 = FIA,A, 
- l+Az- 

I 

relative to the surface (2) are determined by the n&&L) 
expression 

_ A2 y&z + 
’ 1 - YXY~RJ&Z& IO 

; ’ (16) 
1 

: A,. cI& = 1 (9) If (1) and (2) are the plane plates, then 
k=l 

The solution of the equations (8) and (9) taken 
together relative to a21 gives: 

or, as E,, = uoi”; and Eel = u,, T:, so 

T2 4 a21 = A$ (1 + A, - A;02J r 
0 

(11) 
1 2 1 

The function 022 depends not only upon the 
process of radiating flow reflections from the 
grey surface of the plate (2) upon itself as it has a 
concave form, but also on the geometrical 
configuration and optical properties of the 
radiating system as a whole. This function is 
determined from the equations (5) for i = 1.2 
and k = 2. 

i.e. 

where 

D = y2G22 + ylWl2$22) 
22 -___ 

1 - Y~Y&&,WJ~ 
(13) 

1 1 
” = 1 - RI+,’ ” = 1 - R,+,, - 

are the reflection coefficients of the surfaces (1) 
and (2), respectively. 

Introducing @22 from (13) into (11) we get: 

1 
@21 =ATA, 1 + A2 - 

y2(+22 + nRlCl2d23 
--A: 1 _ 10 3 

Y~Y&%&& * TI 
4 (14) 

~11=~22=o,Yl==Y2=1~ 

and consequently 

-Ai 1 
&+12+21 

- W2+12+21 )O 

g 4 (17) 
1 

@21 =A l+A,- 
12 

W12~21 

- A2 1 - RlR2hd21 )O 

; 4 (18) 
1 

Suppose that the opposite internal surfaces (1) 
and (2) are black, i.e. A, = A, = 1, and so 
yl= y2 = 1. From equations (12) and (16) we get 

32 = A2 =$ - $22) (g)4 

021 = A.1 = (2 - 422) (;)4 
1 

(19) 

for the concave surfaces and 

al2 zzz rJ12 zxz 2 ; 
i )’ g 

4 

11 
4 (20) 

41 = rj21 = 2 0 T, 
F- 

1 1 

for the plane surfaces. 

PIG. 2. 
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The geometrical factor & characterizes the 
concavity of the surface (2) and may be ex- 
pressed through the areas Fz and Hz (Fig. 2), 
where F, is the effective area of the concave 
surface (2), and H2 is the area of its closing 
surface. From the condition of closeness 

(21’) 

Introducing #z23 from (21) into (19) we get: 

From the last formulae we can see that it is 
possible to determine #Jam and #,, if F,, F,, H,, 
T,, T, are known. The first, the second and the 
third ones are usually given and it is quite 
possible to determine TX and Tz experimentally, 
as shown by the writer [14]. 

And now using the equations (15) and (16) we 
can get the expressions which determine the 
absorption (reflection) coefficient of the grey 
surfaces experimentally. Let us analyse the 
following cases : 

Assume that the inside surface of the plate (1) 
shown in Fig. 1 is black (A, = 1) and the outside 
surface of the plate (2) is grey (0 < A, < 1). If the 
outside surface of the plate (2) is black, then on 
the basis of the equation (15) the absorption 
coefficient A, becomes : 

(23) 

The plate (2) being black from both surfaces 
(A, = Ai = 1) and the inside surface of the 
plate (1) being grey (0 < A, < 1) then as it was 
mentioned above, we get on the basis of the 
equation ( 15) 

2 - +r24b,, 
A, = 46,,l(r,jp=&J (24) 

where d = d1 = dz and h are their diameters and 
the distance between them, respectively. 

The internal opposite surfaces of the plates 
(1) and (2) are black (A, = A2 = 1) and the 
outside surface of the plate (2) is grey (0 < Al, < 1) 
Then the equation (6) must be rearranged to the 
following form : 

3 

E,, = C A,cYzs * E,, - A;E,, (25) 
k=l 

Since 

then 

E,, = 0, A, = A, = 1, 

Thus 

@,, = $21, $3 = &a, @pz‘J = 9?2 = 0. (28) 

Taking this into account we get from the 
equation (26) 

--I 

In accordance with the known expressions 

R=l-Aando==(~~A (30) 

where u and u,, are the radiation coefficients of 
the grey and black bodies, respectively. The 
formulae (23), (24) and (29) lead to the explicit 
dependence 

u, R = f(T, . TJ 

Consequently, from formulae (23), (24) and 
(29) it is possible to determine A, R and u if 
&, bal, T,, G are known. 9G2 and & may be 
given, and T,, T, may be easily found experi- 
mentally. Therefore it is better to deal with the 
radiating system of two round and flat plates 
with the equal diameters. 

It the plates are placed in parallel with the 
normal through their centres then (15): 

4x2 = 421 = [$/(I + (y)- ;I2 C31) 
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The distance between them is taken out in 
accordance with the design of the apparatus. 

The experimental method of determination 
of A, R and u, which is described by the writer 
[16], was created on the basis of the previously 
given expressions. 

The further analysis, which is not adduced 
here, gives the possibility of receiving the 
analogous expressions and the corresponding 
methods of the experimental determination of 
the radiation optical and geometrical parameters 
@ik, Yik and others. 

Finally we may note that the derived formulae 
for $ik, $ki and A are based on the assumption 
that the given radiating system is in an empty 
space of an infinite length. 

However, the real condition does not cor- 
respond to this. The laboratory room where the 
plates (1) and (2) are placed is limited by the 
walls, the ceiling and the floor, and is filled with 
air. Because of this the surfaces of the heated 
plates (1) and (2) will take part not only in the 
convective heat transfer with air, but also in the 
heat transfer by radiation with floor, ceiling 
and the walls of the room. The above mentioned 
factors cannot effect the temperature of the 
surface (l), since the conditions Tl = const. 
are provided by the heater. 

On the contrary, the heat transfer by con- 
vection between the plate (2) and air, and the 
heat transfer by radiation of the above mentioned 
and other bodies, except the plate (I), lead to 
the fact that the ‘temperature T, will turn out 
to be different and will not correspond to the 
conditions of the derivation of formulae for 
+i k, 4 ki, A, R and 0. 

Nevertheless, we can choose such a tempera- 
ture field for the plate (2), that the influence 
of the external factors on it and, consequently, 

on the accuracy of the determination of c$~~, 
$ki, A becomes irrelevant. 

This phenomenon is explained by the fact 
that the heat loss by the plate (2) because of 
convection at a certain temperature is compen- 
sated by the inflow of heat to it as the barriers 
of the room also emit radiation. For example, the 
investigations showed [14] that this com- 
pensation takes place at T, = 323” - 333°K 
when the experiment is performed at the room 
conditions. Tl and T, are determined by the 
experiment as average values on the surfaces 
Fl and F,. 
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