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Abstract—Diffuse radiation from infinite shells with circular-arc cross-sections is analyzed for cases
involving external source fields of either diffuse or parallel radiation. The governing integral equations
are derived under conditions corresponding to a modified grey-body analysis, and the inversions given
in closed form. Specific applications provide local heat transfer corresponding to constant shell
temperature, local temperature corresponding to constant heat transfer, and predictions of equilibrium
temperatures when the shell is a thermal shield. Comparisons are made with similar calculations for
hemispherical shields.
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NOMENCLATURE

radiation-flux functions (energy
per unit time and area) intro-
duced in equations (1);

flux of diffuse radiation from
external source;

flux of parallel radiation from
external source;

incremental shape factor, equa-
tion (2);

flux of incident radiation intro-
duced in equations (1);

local heat-transfer function, equa-
tion (5a);

radius of circular cross-section of
shell ;

temperature distribution;
equilibrium temperature;
function in equation (15).

Greek symbols

absorptivity;

emissivity;

angular co-ordinate of point on
circular arc (see Fig. 1);
Stefan-Boltzmann constant;
angle fixing extent of circular arc
(see Fig. 1).
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INTRODUCTION

INTEREST in radiative cooling of space vehicles,
solar-energy collectors and thermal-radiation
shields has brought about a need to increase the
fund of engineering knowledge through predic-
tions of the characteristics of basic geometric
configurations and through application of
available mathematical techniques to the analysis
of the fundamental equations. The present paper
is intended to contribute to this fund. Firstly, a
simple geometry is studied involving diffuse
reflection and emission from a heated cylindrical
shape with circular-arc cross-section that may
also be receiving radiation from an external
source. Secondly, the inversion of the governing
integral equation is presented explicitly in terms
of a single integration formula. In spite of the
simplicity in concept and execution, no previous
developments of this sort appear to have been
carried out.

The study of radiative transfer is intimately
related to the study of integral and integro-
differential equations. Continuing improvements
in high-speed computing equipment and ad-
vances in programming methods have eased
greatly the logistic demands in the attack on such
problems. The following analysis is, in fact, an
outgrowth of a detailed, numerical study of
thermal radiation near the junctures of heated
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and interacting surfaces. It became apparent
during the study that, for a single curved surface
of circular-arc cross-section, no recourse to
numerical methods was necessary. The results
to be given can actually be generalized analy-
tically even further, to include sections of arcs
and monochromatic radiation. In order to
limit the number of parameters, however,
dependence on wavelength has been suppressed
and single arcs are considered.

We confine ourselves to the equilibrium
radiant interchange of energy between an
infinitely long shell of circular-arc cross-section
and an external black-body source field. Ad-
ditional conditions, such as given temperature or
heat transfer along the walls of the shell, will
be introduced later. For example, radiation
from the convex side can be removed from the
problem and in this case the radiation along the
concave portion corresponds to the emission and
reflection from within a groove on the surface of
a body. Both emission and reflection will be
assumed diffuse and the material of the shell
opaque. A grey-body type of analysis will be
used, i.e. the coefficients of emission, absorption,
and reflection are to be independent of tempera-
ture and frequency except that two extreme
temperature and frequency ranges with separate
coefficients will be admitted. In this way we shall
account for possible differences between the emis-
sivity or absorptivity in the relatively low-tem-
perature regime of the walls and the absorptivity
of the incident external energy which may come
from a source of much increased temperature,
as, for example, in the case of solar radiation.

The next section derives the governing equa-
tions and then shows how the basic integral
equation with known kernel can be inverted.
The final section applies the theory to four
problems of practical interest.

GOVERNING EQUATION AND GENERAL

SOLUTION
The energy—flux balance

Figure 1 shows a cross-section of the shell with
angular co-ordinates denoting positions of radii
drawn through the center of the circular arc.
With no loss of generality, the co-ordinates of
points on the shell may be measured from the
radius that bisects the cross-section, positive
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values denoting a counter-clockwise rotation.
Let B(6,) be the total radiation flux (energy per
unit time and area) from the representative
point P, with angular co-ordinate 6,. This flux
is calculated by summing two effects: the emis-
sion and the reflection.

Fii. 1. Co-ordinate system.

Emitted energy flux is given by «oT%6,) where
e is grey-body emissivity at the average body
temperature, o is the Stefan-Boltzman constant
and TY6,) is the local temperature.

The reflected energy is the difference between
the incident and absorbed energy at P;. In this
paper the incident flux at P, is separable into
two parts: H,(8)), flux with a certain low-average
frequency being emitted and reflected from the
concave side of the shell; and flux with a
different high-average frequency either coming
from the external source, A,(8,), or being reflected
from inside the shell, H,(#,). All reflection is
considered to be diffuse and at the same average
frequency as the incident radiation. In order to
admit differences between the absorption of
incident radiation with widely different spec-
trums, we introduce two absorption coefficients:
a, (which is equal to €) and a,, associated with the
average frequency ranges of H; and [k, H,],
respectively.

The expression for emitted radiant flux is thus

B(0y) = By(6y) + By(8y) + By6y) (1a)
By(8,) = moeT¥(0,) {1b)
By(8,) = oeT*0y) + (1 — ) H (&) (Io)
By(8)) = (1 — ay) [hy(8)) + Hy(6)]. (1d)
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The flux By(8,) is to be identified with radiation
from the convex side of the shell. Thus m = 1 if
the rear side is emitting energy, and m = 0 if the
contribution of this side is to be excluded. The
factors (1 — ¢) and (1 — ay) involving the two
absorptivities are. respectively, the reflectivity
factors, p and p,.

The basic governing equations may be derived
through the conventional use of geometric shape
factors (see, e.g., Jakob [1], p. 6 et seq.).

Consider, firstly, the low average-frequency
distribution H,(6,). If at the point P, with angular
co-ordinate 6, an infinitesimal area dS, is
situated, the incident energy per unit time and
area at P, that comes from dS, with the same
average frequency as H,(6,) is

By(6,) dF; -

where dF,_, is the shape factor of dS, as seen
from P,. Once this factor is known, an integra-
tion along the cylinder and over the entire
arc, from -—¢ to ¢ yields Hy(6)). It is known,
moreover, that the two-dimensional shape factor.
applicable to unit length of the cylinder, is

dFy—, = } [d(sin ¢} @)

where, as shown in Fig. 1, ¢ is the angle between
the normal to the arc at P, and the line P, P, (see
Jakob [1}, pp. 19-21). For circular arcs

., 7 _6—6)
I 2

and as a consequence one gets

1 o . |01 - 02'
H\(6,) = 3 JJBI((JZ) sin - -- - df,.  (3a)

N
By an identical argument one finds for the

additional (high-frequency radiation) flux func-
tions the relation:

1 e ) 6, — 0.
Hy(8,) ::Zij By(fy) sin -~ ! 46, (3b)
Equations (lIc). (1d) and (3a). (3b) can be
combined to form
B,(8)) = €aT4(6,)
(1 —- ¢)
P

—+

o 0, — o,
I By(6) sin '-‘-2-—*-‘- dé,. (4a)
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By(6y) = (1 — ax)he(8y)
- (l%aﬁ_) ’[i“Bz(oz) sin 101 ;

Equations (4) are the governing integral
equations. Fredholm equations of the second
kind with kernel

8
bl d6,. (4b)

sin 16— 4|
7 -

and their solution yields the combined radiative
flux in both averaged frequency ranges as a
function of §,. If both the energy source A,(6,)
and the wall temperature distribution 7(6,) are
specified, the equations are uncoupled. For such
cases the radiation fluxes in the two averaged-
frequency ranges are independent of one another,
If the temperature along the shell is not given,
equations (4a) and (4b) are not independent.
They are coupled by the local heat-transfer
function Q(6,), defined as the difference between
the emitted and absorbed energy per unit time
and area. Thus

Q(ex) = Bo(gl) + 31(01) + 32(01)
— H\(8,) — Hy(6,) — hy(6,) (5a)
or, alternatively,

2 B,
1 —a,

(5b)

Using equations (1), (3), (4) and (5), one can
show:

06) Tt L T )

(m+1) eoTt = Q +a2(1 — e_);,z
1=
L ofe—ay) 1 (¥ ,
T T B, + 4—"._4‘[(”1 +1 (6a)
— me) T — (1 — €)Q] sin l9_1‘2‘_92| dé,
a, (¥ _
B~ (1 = by + 5[ Bysin % e,
—
(6b)

If the energy source and the heat-transfer func-
tion Q are specified, equations (6a) and (6b)
form a pair of simultaneous integral equations
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for the temperature distribution. Fortunately,
however, the solution to (6b) does not depend
upon the solution to (6a) and, as shown in a
subsequent section, the complete inversion to
both equations can be determined.

External radiation source

In this report, the incident radiation from the
external source is considered to enter the open
face of the arc and to be one of two kinds:
e4, @ known fiux of diffuse radiation, or e,, a
known flux of parallel rays. The former could be
formed by emission from a black body opposite
the opening, representative, for example, of a
high-temperatured furnace wall. The latter could
be an idealization of radiation from a distant

cn
DUl

The shape factor of equation (2) also applies
to the diffuse radiation e,, where now the element

ds, lies along the chord connecting the ends of

the arc. For a uniform incident field, e, =
const. == ¢,

(7a)

(8, = ey, cos ip cos 0}
0 2 2°
If, on the other hand, the incident radiation is
uniform and parallel, A(8)) is the product of e,
and the cosine of the angle between the inner
normal to the surface at P, and a vector parallel
to the incident rays. If ¢ is greater than =/2, or
if the direction of the oncoming radiation is
sufficiently askew with respect to the radius
that bisects the arc, regions of shadow are formed
on the inside. In these regions e, is, of course,
zero. (Similarly, regions on the outside receive
radiation if the arc represents a shield.) The
analysis of examples representing partially
shadowed arcs falls within the scope of the
methods of this report but no further attention
is given them. For the case when ¢ < =/2 and
the uniform parallel radiation is directed along
the plane of symmetry

hy(6y) = e, cos b, (7b)

where ¢y, is a constant.

Methods of solution
The previously derived integral equations are
various forms of the Fredholm integral equation
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w2 — 2 [
F(8) = G(6) + "71“ J JJF(O,)sin,u(B — 6,1 d6,.
®)

At the position § = 6,, the kernel of equation (8)
has a discontinuity in slope in common with
Green’s function for ordinary second-order
differential equations, and this prompts one to
seek a possible re-expression in terms of a
differential equation. Twofold differentiation of
equation (8) does, in fact, yield an expression
that combines with equation (8) to form

d*G

d2F )
dgz -+ H2G~ (9)

e 2
g T

A solution of equation (8) must, therefore.
satisfy equation (9) and, conversely, the general
solution of the differential equation must con-

tain the solution of the 1nfpcn‘sﬂ_ pqnqhnn

Laiil L SRRl O W0 N ELG Uil

The general solution to equation (9) can be
written

F(0) = Cycosyf + Cysinyb + 1,(6)  (10)
where C; and C, are arbitrary constants and
I(0) is the particular integral satisfying the
right-hand side of equation (9). The constants
C; and C,, although arbitrary for a solution
of equation (9), are not so for the solution of
equation (8). They were lost in passing from
equation (8) to (9) by the double differentiation.
but they can be determined if F(f), as given by
equation (10), is placed into equation (8) and
the coefficients of like terms are equated. There
results

F(#) = Cy(y, p, $) cos y8 + Cyly. p, ) sin y0
Y ‘ .
+Gwy+7$J G(6) sin y|0 — 6,] df, (11)
—if
where

2 2 b
VY

B
C]_(')/, ey {/J) == 2'}’ -

y sin puih cos yb — p cOS pih sin yif
@ €OS uip cos yir -y sin wd sin b

L (12a)

'
X [ G(6,) cos 8, db,
—
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2 a2 h
Cilo o) ="

w Sin b cos yf — v cOS uy sin yi
¥ €OS wh cOS yib + p sin pifs sin y

r (12b)

&
X J G(8,) sin 6, df,.
-

-

Equation (11) is the inversion of equation (8).
A vparticularly useful case occurs when

G(6) = G4 cos nd
and the explicit form of the solution is then
G,

FO) = s

(13)

[(#2 — n?)cosnf — (u* — »%)

& COS I oS wifr + n sin mf sin 5
(u €08 v cos i - y sin i sin ) <0877

(14a)

When n = y = 0, equation (14a) is an indeter-
minate form. One can show

FO = Go [ 1+ (02— 49+ btan ]|

y=mn==0. (14b)

Another useful form occurs when y = 0 and
n = p. In such a case

F(0)y = Gyfcos pd, y =0, p =n. (14c)

For compactness of presentation in the next
section, we introduce the notation

Za(ys ) =

jcosmpcosty +nsinmpsing
dcosyfcosd -+ ysinydsind b

(15)

which will be used in applying equation (14) to
the solution of the radiative heat-transfer
equations developed previously.

APPLICATIONS
The equations on the preceding pages can be
used to find closed-form solutions to many prob-
lems of radiative heat balance between various
forms of energy sources, and infinite shells with
cross-sections forming one or more circular arcs.
Four illustrative examples will be given here.
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The first two examples contain solutions of
problems involving a shell with arbitrary arc
length and oncoming diffuse radiation, finding:
firstly, the heat flux when the shell temperature
is held constant; and, secondly, the temperature
when the shell heat flux is held constant. The
second two examples contain solutions of prob-
lems involving a shell with a semicircular arc
and oncoming diffuse or parallel radiation,
equilibrium temperature of the shell being found
when the heat conduction along it is either
infinite or zero. Results for a hemisphere held
to the same conditions are also given for com-
parative purposes.

Incident diffuse radiation, constant-temperature
shell

We are concerned here with the determination
of the emission and heat-transfer distributions
corresponding to an imposed uniform shell
temperature together with a uniform black-body
source distribution specified along the chord
connecting the arc of the shell. The problem is
symmetrical in 6 and equations {(4) apply where
T(8) = const. == T, and hy(6,) is given by
equation (7a). First casting equation (4b) in
the form of (8), one finds

F(0) = By6)
J 0
G(0) = eq (1 — ay) cos 5C08 5
p=%  v=%1vVa

The solution is given by equation (14) where

Gy = eq(1 — ay) cos g

n=4,
and is

.

BO) = ea1l — 27, Verg

(16)
which is the flux of radiation reflected from the
shell at the position 6 in the high average-
frequency range.

Next, equation (4a) is cast in the form of (8) so

FO) = Byf), G(0) = eaTy,
p=1% y=%+ve

The solution is again given directly by equation
(14) in which

n=20,

Vay ¥
T, ) cos 2 cos

Gy = 0T},
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Thus
\ /
By(8) = oT* [1 — (1 — §Z, (‘é , ¢) cos 9}
17)
which is the emergent flux at 8 in the low average-
frequency range.

The total heat-transfer distribution follows
from equation (5b). The result is

0(0) = eoT} [m +Z, (%—e, z/z) cos % 0]
\/Taz, 41) cos g cos VTz 6.

If R is the radius of the circular arc, the inte-
grated heat transfer per unit length of the
cylinder is

- edoazzyz ( (18a)

R r’ Q) dé = 2R [eaTﬁ s
—

+24/(e)eTiZ, (1/2—6, 1/1) sin %-e i

— 2¢4, v/ (as) Zl,z(\/ 2 x,b) cosism\—/——2 ]

(18b)

Qlo)/eaT?
20}
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Equations (16-18) supply the three quantities
of principal interest, namely, the emission func-
tion, the local and the integrated heat transfer.
The number of parameters (e, oy ¥, ey),
together with the variation in 8, introduces some
difficulty in achieving a satisfactory graphical
presentation of results. The analytic expressions
involve only combinations of trigonometric
functions, however, and are quickly adapted to
specific applications once the geometry and range
of parameters is fixed. We shall restrict our-
selves here to an indication of the variation of
Zo[v(€)/2, 41 = Q(0)/ecT? (see Fig. 2). This
function provides at 8 = 0 the local heat transfer
as a function of € and ¢ when no external energy
is oncoming (e;, = 0) and no energy is radiated
out of the convex side. Under these conditions,
the heat transfer of the constant-temperature
shell is a maximum at 6§ = 0; from equation
(18a) the further variation with 8 involves merely
an additional cosine function as a factor. The
emission function, B,(6), has its minimum value
at & = 0 and is readily calculated from equation
(17).

A non-uniformity in the value of Q(0)/ecT}
occurs at ¢ == 0, 4y = = This difficulty is not
unexpected ; it is known, for example, that when

Fic. 2. Variation of Q(0)/eaT3 with ¢ and ¢. Both e, and m set equal to zero.
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e = 0, perfect reflectivity exists and a metastable
state of radiative energy can exist within a
chamber.

When the strength of the external energy
source, ey, is zero, equations (17) and (18a)
yield the contrasting results:

B(8) =0, Q(6) =0 when a =0, § <m,
Bl(o) = aTgs Q(G) =0 When a > 0, (ﬁ = 7.

For all non-vanishing values of emissivity or
absorptivity, therefore, the emission within the
closed region reduces to the emission function
for black-body radiation 7%, as it must under
conditions of thermodynamic equilibrium.

The theoretical prediction of the emission
function is of especial value in the interpretation
of experimental measurements when the area
of escape of radiation is small, i.e. when a small
slit is cut along the element of a right circular
cylinder whose wall is held at a uniform tem-
perature. Let 4 = = — & where 28 is the angle
subtended by the slit at the center of the cylinder.
If radiation from the external environment can
be ignored, equation (17) gives the emission from
within the cavity at the wall temperature 7.
For very small § this reduces to

(1 — )8 cos [v/(¢)/2] e]' (19)

2 /() sin [v/(e)m/2]

Similarly, the integrated heat transfer per unit
length of cylinder reduces to

By(6) = oT* [1 -

~—3 /
R 0 d6 = 2R8oT* (1 AAINAE
—(=—98) 2 2

(19b)

Incident diffuse radiation, constant heat transfer
We are concerned here with the determination
of the temperature distribution corresponding
to an imposed uniform heat transfer along a
circular arc. Let us further consider only the
case m = 0 for which there is no radiation away
from the convex side. From equations (6a) and
(6b), it is apparent that the solution depends
upon two simultaneous integral equations.
However, equation (6b) is independent of (6a)
and, in fact, its solution has already been found
for incident diffuse radiation and presented in
equation (16). Substituting equations (16) and
(7a) into equation (6a) and identifying terms with
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those in the general equation, equation (8), one
finds

F) = eoT* — (1 — €)Q
G(O) = @ + MBI stg;/ 2 [(1 — &) cos g
+ (e = 0z (Y 0) cos Y]
n = '%’ y =0

If Q is a constant equal to Q,, equations (13)
and (14a—) can be used to show

FO) ~ <y [1 + g @~ 42) &y tan')

eq,03 (1 — ¢ cos (/2)

R

-+

[COS ;!/'/2)]
4,09 (e — ap) cos (¥/2) Zin (\/az ¢)

_}_

—1
X [az
Q2

Since

R

1/_20 +— Z vz ©, z,b)}

Ve 1
2 (5 4) Zuon O = oy

one finds, after combining terms,

«oT4(8) = +§ 0, [41 tan ‘g
+3@ =) befu—c—a QO
X Zys (1/212, l/l.) c0s 5 cos \{2 2 ] ]

It is apparent that, when there is no external
energy source, i.e. when e, = 0, the function
ecT%0) associated with uniform heat transfer
has its minimum value at the point of symmetry
# = 0 and its maximum value at § = . The
function oT%(6)/Q, increases quadratically with
¢ from its low point and achieves the maximum
value eoT%0)/Q, + 4*/8. In Fig. 3 the depen-
dence of «T40)/Q, on ¢ and ¢ is indicated. It
is to be noted that, as in Fig. 2, a non-uniformity
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appears at ¢ = 0, ¢ = n. For non-vanishing
values of emission, infinite temperature is pre-
«dicted when closure is complete, but the results
are for the equilibrium case, so an infinite energy
input would also be required in such a case.

il

20
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conditions m = 1 and the total heat transfer
must be zero, that is

R[4, Q@) d6 = 0. 21)
Under this condition, and with the simplification

/

Fii. 3. Variation of {eaT%/ Q) with < and +; see egoation {20),

Thermual radiaiion shield with infinite conductivity

When the conductivity of the shell is infinite,
its temperature is uniform and the two equations
for the high and low average-frequency, thermal-
radiation flux, equations (4a) and (4b), can be
solved independently, just as in the first example
considered. In fact, if the oncoming radiation
is diffuse, the solution in terms of heat transfer
is given immediately by equation (18a). The
physical character of the problem has changed
somewhat, however. Here the surface is assumed
to be a thin shell, with a semicircular cross-
section, radiating to a very low temperature
environment (or back to a black-body source, if
the incoming radiation is diffuse), and receiving
energy on the concave side from a source with a
relatively high effective temperature. Under such

caused by setting ¢ == #/2, equation (18b) yields

G'T 3 g /e -3
NG e G |

o G0t /()] + Ve

cot [mv/(a2)/4] + Voy

for the equilibrium shell temperature 7g.
Following exactly the same procedure, but
assuming parallel oncoming radiation [equation
{7b} for /1,{6)], one can show

Ty ol's
€5, ] parailel €4, | diffuse

[+ DS IVE]

4‘“(12

(22)
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It is to be noted that the only difference between
the equilibrium temperatures for the diffuse and
parallel radiation is the term within the brackets
in equation (23). This term is a function only of
a,, the absorptivity coefficient for the high
(effective) temperature radiation. It is very
insensitive to a,, however, varying only from
0977 to 1 for the range a, = 0-1, respectively.
In the case of infinite conductivity, therefore, the
shield equilibrium temperature based on equa-
tions (6) for both parallel and diffuse impinging
radiation is given, with an error of less than 2-3
per cent, by equation (22).

Further approximations in equation (22)
serve to indicate the range of equilibrium
temperature. The inequality
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ot 1 ay
s
5 {cot [m/(22)/4] + Vias}™
[r/()/81 + {cot [m/ (/4] + e} 7V
Tt follows that
ag GT; Qg m
<

Sl

2me T ey,

or, alternatively,
1/4 1/4
0-63 (%) < Ty < 0744 ( “_2"1’9) :
€C €0
Figure 4 shows a typical variation of the equili-
brium temperature with a, for a fixed e. One can

show that the result for a hemispherical shell
with infinite conductivity is

w<(cot~4—+x) <7 o<x<i [g :FZ]

- eq, | aittuse €,, | paraltel
can be used together with equation (22) re- e lte 1 (24)
written in the form e 14+ a2+ ¢

/ [
1o
//
1
08 <
/
Semicircle
Ve
V
06
o7 % ;/\Hemisphere
eda I/
77
//
0-4 4
A
0-2 /
0 02 0-a 06 08 e
az

Fic. 4. Equilibrium temperatures on hemispheres and two-dimensional
cylinders with circular-arc sections having absorptivity coefficient o, for
oncoming diffuse radiation; infinite conductivity, ¢ = 0-3.
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This result is also given in Fig. 4 and shows that
there is little practical difference in equilibrium
temperature between the semicircular cylinder
and the hemisphere, except for high values of a,.
This is true for all e.

Thermal radiation shield with zero conductivity

In the limiting case of zero conductivity, no
heat is transferred along the circular arc.
Hence, the condition for an equilibrium energy
balance (under the assumptions previously
mentioned) between a shield and a high tempera-
ture source is given by equations (6a) and (6b) in
which m = 1 and Q = 0.

Solutions to equation (6b) follow exactly as in
the previous examples, and equation (6a)

MAX A. HEASLET and HARVARD LOMAX

equation (8) in which F(6) represents (2 — €)ecT?.
Solutions for diffuse and parallel impinging
radiation, therefore, can easily be obtained, and
when ¢ = =/2, they take the form

oIy 1 €
;’;; == Bl(ag, E) COS 2 \/(2) 0

~ By(ay, €) cos l/;? 0 (25)
where

’ T €
By(ag, €) = ay [2(2(12 — (cos L

NNy

reduces, for Q0 = 0, to a form identical to
14
) 4
/
-0 //
/ =
=
o8 Semicircle / /
at center \/ //

o7 4 at tip AL A7
2 7
d ///

06 S|

720l
Hemisphere
Vi
/

/

02 //

0 02 0-4 06 08 10

az

FiGg. 5. Equilibrium temperatures on hemispheres .a_nd two-d}mensianal
cylinders with circular-arc sections having absorptivity coefficient a, for
oncoming diffuse radiation; zero conductivity, ¢ = 0-3.
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equilibrium temperature distributions given by
By(ay, €) = afe — ay) [5(20.2 —€) O.Tl _ a21 e 1 o
\/ my/ag\ 1 edo el +ap2 + ¢
X ( %2 + 4/(ay) sin )] and
4 4

and [UZ 5] _ [0;]_18} 1 Mcos 6 — })

O'T‘ 3%(4 . e) cos 0 sg | parallel do | diffuse (28)
e dE— )89 , o

22— ) 1 . for the diffuse and parallel radiation cases,

n € By(ay, €)cos \/ (_) 6 respectively. o )
8—e 2 2 These results are not similar, as they were in
21 — \/ ay the previous example, for the two types of
q_— Bz(az» e)cos —— 8  (26) oncoming radiation considered. This is illustrated

for the case e == 0-3 in Figs. 5 and 6. When the
respectively. Similarly, one can show that = conductivity is zero the temperature is no longer
hemispherical shell having zero conductivity has  uniform, but, as illustrated in Fig. 5, it does not
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Fi1G. 6. Equilibrium temperatures on hemispheres and two-dimensional
cylinders with circular-arc sections having absorptivity coefficient a,
for oncoming parallel radiation; zero conductivity, € = 0-3.
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vary greatly when the impinging radiation is
diffuse. Comparing with Fig. 4, one sees that the
average equilibrium temperature for the diffuse,
zero-conductivity case is not greatly different
from the constant equilibrium temperature for
either the diffuse or parallel, infinite-conductivity
case. (The results for the hemisphere are the
same in both cases.) This result is qualitatively
true for all € > 0-1.

The temperature distribution caused by
parallel source radiation for both the cylinder
and hemisphere is greatly different for the zero-

MAX A. HEASLET ind HARVARD LOMAX

and infinite-conductivity cases. Fig. 6 provides a
measure of the temperature at the edge and at
the center of cylinders and hemispheres for the
parallel, zero-conductivity case. The temperature
at the center is relatively much higher. The
results for the diffuse radiation source just about
average the two extremes. Again, these state-
ments are qualitatively true for all e
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Résumé—1Le rayonnement diffus d’enceintes infinies a section droite circulaire est étudié dans les cas
ou les sources de rayonnement diffus ou paralléle sont extérieures.
Les équations intégrales sont dérivées dans les conditions d’une analyse modifiée du corps gris et Jes

inversions données sous une forme fermée.

Des applications particuliéres donnent: I’échange thermique local correspondant & une température
d’enceinte constante, la température locale correspondant a un échange thermique constant, et les
prévisions des températures d’équilibre, quand P'enceinte est un champ thermique. Ces calculs sont

comparés aux calculs analogues effectués pour des écrans hémisphériques.

Zusammenfassung—Die diffuse Strahlung von unendlich langen, halbkreisformig gebogenen Schalen

wird analysiert, wobei auch dussere Quellen als diffuse oder parallele Strahler beriicksichtigt sind.

Die massgeblichen Integralgleichungen sind fiir einen modifizierten grauen Korper abgeleitet und

ihre Umkehrungen in geschlossener Form angegeben. Spezielle Ableitungen ergeben den ortlichen

Wirmeiibergang bei konstanter Wandtemperatur, die ortliche Temperatur bei konstantem Wérme-

iibergang und die Gleichgewichtstemperatur, wenn die Schale als thermischer Schild betrachtet wird.
Ahnliche Berechnungen fiir Kugelschalen dienten als Vergleich.

Annoranua—Anamsupyercs auddysuoe usIydenne ¢ GeCROHEUHLIX 000I0YEK, HMEOUIMX
NOTepeUHEe CeUeHNA B BuMle LYT OKPYHKHOCTel, I CiIyYaeB BHYTPEHHUX 1107€fl HCTOYHUKOB
PACCEAHHOTO HIIM HAPABISHHOTO M3JIy4eHAA . BHBEIEHE UCXO/[HbIE NHTETPAIBHEIC Y PABHEHUA
IS YCIOBHH, COOTBETCTBYIOIMNX MOTMQMIUPOBAHHOMY COOTHOLIEHHIO MBIYYEHHSA Ceporo
Tema, M TpuBefeHH Oo0palleHMsA B BaMKEyTOt ¢opme. YacTHHe NPUMEHEHUS AT

BO3MOHHOCTD ONpPENEJTNTH JIOKAJBHBIH

TeIIOTEPeHOC

UpH TOCTOSHHON TeMIeparype

06OIIOYKN, NOKANBHYIO TEMIIEPATYPY, COOTBETCTBYIINYI0 TOCTOSHHOMY TEILIONEPEHOCY,
H IpefCcKasaTh PABHOBECHBIE TEMIICPATYPH A CIYyYad, KOrja 060JOYKA TpefcTaRmAer

co0oit TemIOBOI DKpaH.

[TpoBejieHbl CpPABHEHHA ¢ IIOJOGHBIMU

BHIMUCHECHTUAMNI (5!

noycepnuecKuX HKPAHOR.



