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SYNOPSIS

Expressione are derived by means of whioh the radiation intenaity at o
point due to various shapes of heated surface (e.g. disc, sphere, rectengle)
mey be computed. The expressions are concerned only with the relative

. germetry of the surface and are known as configuration factors, The various
! nroperties of configuration faotors are listed. Total radiation flux over
a finite arca of recelver is also considered.

Expreasions are derived for the radiative heat transfer between surfacsas
when multiple reflections can ocour.
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Vi . 1. Introduction
e -

. The theoretical background and the lows applicable to thermal radiazion
- have been very satisfactorily detailed in a large number of text books.
, . Prévost's Theory of Exchangcs, Lambert's Cosine Iaw and proofs of Kirchhof{'s
; ' : Iews and Stefan's Law will be found in most text bocks on Heat. From tho !
above the rsdiation intensity inside an enclosure or near to a surface may he

computed. Problems encountered in practice, however, necessitate the
calculation of rediation intensitics at a specified distance from a radintor.
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It is the purpose of this paper to list expressions whereby the
reduction in intensity duc to the goowcirical relatlionship of radlator
and rcceiver may be taken into accont.

The gecmetrical relationship

radiant intensity are modified if thw radiator and the raeceiver are
reflecting bodiez.

2, Confimiration factcr

-l ¥
Radiator - J= 2=y (clemental receiving area)

Figure 1

I $’is & radiating surface end § a rcceiver (figure 1) it will be seon
that the rndiation falling upon dsper secand from the elementary area of

radiator d.g’

: ,
area of radiating elemrnt x 1 x 00s® x solid angle
subtended by eceiver at radiater.

]

i}

ds' L con0’ do’ eeennna(20)

where 1 is the radiation per second emitted by unit area of surface,
normal to the surface, From Stefan's Law it can be shown that

T'
3 =§%‘_.__

where £ is the emisivity factor or "blackness" of the radiating surface
compared with that of a black body und T 1s the abaoclute temperature of

the surface in %I,

dF

’ . '
The factor cos @ appears in expression (2a) because the level of

radiation emitted from & surface is dependent on the direction, falling
to zero parallel to the aurface, Tha Taw is known as Lambert's Cosine

Layr. Sudstituting for Lend dw’{2a) bucomes
R l_| / ! - A 9
A =de Lol mp/cism?
Vﬂ.r-t-\.s x om X Ay b X o wal bevereesss(2D)
F .
The intensity dX at ds due to Ads' w111 be i& L e

o{_I. O{S &GT xm@n%g— cevesessea(2e)

facter, knovm as the configuration factor
will first be described eind later 17 will be shown how the expressions for
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Since L'Lé_%-@- =0l the solid angle subtcnded at the

rceceiver by the elemental radiator then

4
dl= f‘—‘_’;frl—xd.w.mQ | ceeeneen.o(2d)

Figure 2 illustrates the significance of tho aymbols odw and_ 00:)0

ols’ e OL&) solid angle
:F;?. =~ A $ Elementary receiving erea

gure 2

'[ ¢ expression for the intensity at the recciver due to the whole of the
wdiztor will be

/

S .
135“-?—3:‘* dw. Cos B cerenaeanal20)

vIO

How Stefan's Law statcs that the mtcnsity near to & radiator at a
temperature T is Lo T

where &
is again the omissivity factor of thé radiating surface, The intcnsity
]. oomparcd with the intensity I,= f_a'Tl* near to the radiating

surface is therciore

rs’
I on%‘v, dwcme l...t'oo..(zf)
The factor :"* 0‘.0 cogols vhich, of course, becomes unity if .

o
the receiver is near to the radiator {i.e. gives a solid angular cover of
AT~ )} is dependent purcly on the geometrical relationship of
rediator ad receiving element and is called the configuration factor, It
should be noted that it refers to an intensity at a point due to any size
o ghape of mdiator and not to the radiative heat transfcr to a receiver
of finite sizec.

he gymbol C;ﬂ is given to a configuration factor and it is always

d=2lined as s'/
@)= #L Adw. cond (85

vhere the limits of integration refer to the radiating arca.

Some of the properties of configuration factors will now be descriv:d.
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3. Additive property of configurntion factors

Tor a fixed radiating arca and an elementary recciving area the value
afqpnmy be obtained by dividing up the radiating areas, calculating the
individual conflguratlon factors and then adding {or subtracting) them.

An example of the usefulnessa of this property is illustrated by
figure 3, where the

iator 1
Disc cut out radiator is a square
aurface with a diso
Square —- Recelver
rediator

cut from the centre,

Tho configuration factor

Hgure 3
may be obtained by

subtracting the value computed for a disc from that for a square, or:-

(‘F::(ﬂ‘l“"w_‘(ﬁiz.c - , veveriieea(38)

This property has been used in Appendices 4 and 5 where configuration
factors for recctangles arec considered, Tables are given for the cascs
where the rceeiving element lies on the perpendicular from one comer of
the rectangle and it is explained that the value of for any other case
can be obtained by adding (or subtracting) the values of for rectangles
which conform to the cases to which th: tables apply.

4, Eguivalent surface

Ls it is only the limits of the expression -Lf d(,) 0 e

which concern the radiator, it follows thet any two radiating surfaces
subtending one and the same solid angle will give the same configuration
factor. PFigurec 4 illustrates two surfaces giving the sams confipuration
factor, ’

S A
Radiating (3 ~ -~
surface Tl Receiving
r‘/ B _f‘J, C :;:5’\ element
“‘\_ Y L S - -
Equivalent
surrace
Figure L

This property of configuration factors is most welunble in cvaluating
them and"has in fact been used in deriving the exprossmon for the sphere
given in paragraph 8. '

oo -
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Thus reforring to figure § tho spherical radiating surfacc has been

replaced by the equivalont

Zrherical e alsc to ovelunte:-
U’ - . - G » ’
radiating \"‘ ~ \ $
surface \ T~ 'f = IF dw,c,oa 9
\ A —=— o
} .~~~ Receiving
\ /S e slement

N T

Equivelent disc
Figure

5, Configuration factor Cosine Law

The Configuration Factor Cosine Law concerns the crisntation of an
elemental reserving area for a specifiecd radiating surface. It stater thai
“f 2 rceeiving element be oricntated such that the configuration factor
o maorimam %as regards angular displacement) than any angular disploue-
wmi of the receiver from this position an angle ® will reduce tho
configuration factor by oy £ (3 '

The application of this law is limited to casos in which the pianc
of tho receiving element does not intersect tho radlating surface, Thie
limitation is illustrated by figure 6. Figure 6a illustrates a -receiving

element orientated such that it

receives maximumm intensity (as

Square regards angular displocement) from
radiator R R—- ‘f‘f‘“‘ =
eceiving . .
olement a square mdmto_1.
Figure 6a
Square A D
Z‘adi&iio‘!" — a— — —— anghtgn o omma -..l.....
Recolving
element
Pigurs 6b

Figure 6b 1llustrates the case where the receiver has been turmed thrqugh 2.
It then receives radiation on both the front and back surfaces and in the
mathematical expression for the configuretion factor the radiation intercity
on the back surface is representcd by a negative quantity. ol

In the particular ocase cited, the positive and negative quantitice :iv:
cqual and if the limitation were not observed the resulting value of vrould
be zero, , '
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6. Geometrical interpretation of L. _} " icon B

The calculation of the value of o conriguration factor is somctimes
gimpiified by use cf the /g,eomctrical interpretation of

(P > .}!-r__Lsdf.-). Con B

which will now be described.,

A2

r:[o*--).\w--
Receiving
element

ce

ggro 7

In figure 7 let 5 ba the radiating surface and let 0(.0‘" be the
receiving element located at the origic ('md in the xgplane of a
cartes;lan syatem of co-ordinates,

Let a sphere, of radius R be dravn arcund the receiving element.
Then if S” be the projection of 9/ on the sphere the expression

:;Tlr_-—f r‘P{,(J.C/-’:DQ -my be
written . "Ff c/r,me o‘({, ceereeeasa(Ba)

¥/
Dut g{,s’,'c/o-g & iz the projection of os / on the X

iy
plane = Cl,u

. -5 J c ™
. s . SO (Y
qQ i o ‘PT TR3

The usc of the geometrical intorprctation is best 1llustrated by an exampla,

-4
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In figure 8 let the infinite plane A B C be the rudiating surfaco and
lct Ag- be the receiving element, The hémigphere E P K of radiue R is
dravn as 4dcscribed above.

Mow the projection of the plane A B ¢ -on tho hemiaphere B F K will
Y. the {$hree dimensianal) surfece E P H,  The further projection 6f E F H

~

on vhe plane surface A E 0 X G will be

Trﬂ ¢ )
= | 4020

This fact can be morc rcadily apprcciated if the surface is oconsidercd to
be divided into strips of which the longest dimension is in tha direction
. For simplification the.surfaces on either gide of the §1ane

O F mey alsd be oonsidered separ&tely.

From expression (6b) the value of qo 1s inmediately given as
f’: %('*me} v .o.o-oo'.l‘(ec)

Iinttel (2) doegsoribes a machine which uses this interpretation in
vvaluaie eonfiguration factors,

Y. fptical analogue

Pnart fron computing conflguration factors from the expresaion
h

Cf/=-“' c14o ,4Ho(3

T

or using the geometrical 1nterprotati Ehey may be evaluated by an optical
annlopgue described by lawson and Hird \3),

The method is perticularly valuabls -where the surfaces considered arc
complicated and depends on the faest that: the laws of thermal radiation also
apply %o light sinece both are electro-magnetic radiations.. A model of the
radinting surface is mado of a material whioh diffusen light effeotively
and thereforo emits light according to Lembert's cosine Law when {lluminated
from behind.

The valus of a configuration factor, i,e. the ratio of intensities at
a specified point and near to the radiating surface, 1s measured by means of

a photo-cell,

8. Values of various configuyation factors w

Expressions for certain configuration factors (4) (5) (8) (12) hnve
?(cn derived previously 2n% in the cases of cylindrical 5), rectangular
6) (7} and boiler tube radiators graphs have been plotted giving
ranges of values, The following 1s a 1ist of expressions for the configurn-
tion factors of the simplg, well k?ow? surfaces. The derivations are not
given, but are available ?é) ? ) (11),

T should be noted that;, in all the following cases excepting the firat,
whuoexpresasions do not apply if one or more of the limits of the radiating
svs2 lies behind the plane of the recciver.
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b Reoeiving
element

1) Infinite plane Recelving
element at an angle O
(see paragraph 5)

H
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Ve scues A s Sprawa e hn rae m .

e e ———

Confy;ura tlon factor

+ —— o s mre 5% 4

¢‘ = {l ( | 4+ L0 G)

This expression is derived by the
method of paragraph 6 and only the
radiating area above the plane AB has
been cansidered,

The value of the configuration,
factor with respect to the rear surface
of the receiving element is:=-

: £(1-con )
and of course

&+

aince the front and

| back surfaces, together, receive radiation

emltted by an infmite pla.ne.

*?adlating .
~ aur‘face (extending to
! ) TS ini’in:it;?r ;
} . ™ perpendicular |
‘ el PP to paper)

Receiving element
-2) fafinite strip

B et b bt

(c.x:-sm ¥ )

. ‘_,__I/
¢

2adiating

surface
i R '\
b “ \t Oy |
. ‘\ / Receiv’:{ng |
{ clement

« /
~——

Lo .mﬂ . )

3) S-here

b s

Y _ coafl
y- ot

.7 element
<_....-_ - Y RN

L) Clrculo.r disc (in the plane
xz)., Recelver
on the axis.

1
|

4 Table for
‘where Y = nR, will be found in Appendix 1,

| JII" - N |
! :
| Radiating s 2 ! ng
suriace i CP = N RREVE Y T G
i N R+ 7
Pl CHENIY O
\\ I Receiving |
|
|

in terms of the parameter n,

Roadiathg o & Receiving
surface ~ elamfmt
'
7.

@ f Y Z2- R
(R afy? z%“

oz

in terms of the parameters

A Table for CP
mR, will be

u and m, vhere Y = ni and 2 =
found in-Appendix 2,

5) Circuler disc (in the plane
xz). Receiver
off the axis
but psrellel,

g P———— e Y s e 4

'
'
.
*

Al =

4
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Radiating A Z
lsurface

nqm we—e

Surface

Configuration factor |

,!:Z

Receiving surface has direction
cozines cosok , cos/3 end cos ¥
wvith x, y and z axes respectively,

6) Circular disc (in xz plane)
General case,

Recelving p A a_nd '
nonn&l\IcL:zmg;t !(ﬁz"’:‘ig{'*‘ —h Y *.Z R - = .§

>+
3.

fR" f-MYtZ})RE-P (Ya_' Za) a

X Y1+Z%+ Rl
W{Z O SR Ay Z9RA (yhﬂ’}

viriting (= - FconB= Facon ¥
tables ol and F, in terms of the
parameters Jx end m,’where:Y = nR and z = R,
will be found in Appendioccs 2 and 3,

Radiating
surface

Ticceiving l
e.lc:nelt l
0

Receiver parallel
to it.

7) Rectangle

4)"5&# il f?f“?’)
*a f"""‘“"m‘)

X f
213-

*J”"”z:+ | IR
-l o o)
°+Y ( Mz #Y Jz h )J

Where x4 X, and 24 = 29 the expression

becamnes

x— " 72|

“’W
/tomx"
Ji +Y J—Z +Y

A Table whereby Cf may be oasily calculated

radiating
surface

5 &

will be found in Appendix 4,
"" x—.

o
[ %

Recelving
. element (in xy
plenc)

8) Rectan gle Receiver

perpendi.cular

—E—>|

~ LA E:y

- A,
M2y S22y

Ifz1:=01mdx1=x2then

(pa#t«{-\-/-i "%%F‘% ;ﬁ-f

A Teble wherely & may be easily calculated
will be found in Appendix 5,°

i
i
j
|
|
i
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Confimuration factor

Radiating 4
surface A

Receiving
: elemnnu

y,

l‘tomal

makes angleso {3 and § with
positive directions of x, ¥y
and Z axes,

9) Rectangle General case,

Radiating surface

//—-?\' { : Reoeiving
! F element
SO * \
1 Bl-

< . - opRe - o -3
HO) Infinite cylinder

llormal to receiving clamxi

—————

R

_f.rJX 2

T?x +Y 4M¢/

- Qf;:’)ﬁ WY ... ’t‘ -'1
am fﬁ?yg\ thy*

Fey { Z
4- == ){}a% #——_-é:.. +- ton
\/‘I'l r y 1 \/‘x‘o y

- lmém:\
"”/x:+ Y?

b Tee an- *.Y

L T

J1+Y

—1 ..... t«a " 3
Zaf Q*y J a+
3 Ao

com ¥ -1 X, -l At
[ Lop, ===+ Lo
+a ;%Z,a-t Ya( 071,&+Ya+ Z.af-ya

o ¥ % "' 1—1'
3 n\]zaa+ y ( ‘/ z:* Y

Values of ¢/, for any speo:.fied valuea of
Xy 5 Xo, 2y, zz and Y may be obtained by
,judicn.ous use of Tables 4 and § in
Appendices 4 and 5.

47=gzui_

.

Rachat ing swrface

{\V[ Top view
/ R AN ~
T 9] »
‘\ i _ /
N 1 - ‘%cew ving
'\,\__/ - element

Y

€
1) Pinite cylinder (apnroxmato)

A >
A Ny :
S A Side_view
AR S
] Y
I A ~
e e -

m R f _ -~ "Receiving
N S element
v - . :

&
S - mRa- )

(p e L L mg L dan o Jnd=i _
¥ }, xha" l/(h%—i) +m J n’.'&l)u—m"‘n‘
i -1 my ‘m. n - J‘h. -'

+ PR =
n i ('n‘L-{ +m l) + p\ W

N.B, The above expression has been oalculatnd
by the method of paregreph'l, The plane
surface AB, which was chosen to represent the
cylinder, is however ot an exact equivalent
surface, Rediation from the '"cheese! shaped
fportions CD is neglacted,

The approximation is very good if n) m,

¥or m---90 the expression reduces to
P= 7
Tables for cf will 'be fcund in Appendix 6,

I oo
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9, Bxample: Rndiation intensities near to o cylindrical flue pipe

The uasc of the configuration factor tables referred to in parngraph 8
is illustrated by the solution of the following cxample.

A flne pipe which behaves a3 a black body is maintained at a tempera-
ture of 700°% ond has a diamcter of 20 cm and an cxposed length of 100 cm.
Find the intensity of radiation (a) close to its surface (b) 20 cm from the

centre {c) 50 cm from the centre,

(a) The intensity of mdiation J,close to the surface will be given by
I=aT¥

where O is Stefan's constant = 1,37 x 10 12 cal/cm2/°C4/seo

Thus Jo= 1,37 x 10712 « (700)4 = 0,329 oal/om%/sec

(b) Tho intensity of radiatian 20 an from the flue pipe will be given by

L- &0‘7“‘“ q)ro

. where the wvaluc for Cp is given by Table 6. This table refers to a receiver
on a level with one end of a pipe and thus the required value will be twice
the value c)xf’ obtained from the table for half the pipe.

e,

The appropriate values of the constants will be

- m = half lenpth of pipe = 30 =5
radiug of pipe 10
é and n = distance from axis of pipe =20 = 2

radius of pipe : 10

/
hence C¥7 = 0,247 °
!
and CF)-.—. ZCP

x I-9%

0,494

0.494 x 0,329

i1

0.163 oal/cm/soc

(c) Adopting the same procedure as above, m is again 5 and

n = distance from axig of pipe =50 = 5
radivg of pipe 10

;
ihence Cp = 0,083

and CP‘-’ &1)’: 0.166

I = qpa' T, r’ro = 0.166 x 0.329

0.055 cal/cm’/se0. . .
o

10, Inteprated configuration factor K T

. hen the arca of a receiving surface is considerable it is often
; required to find the total radiation flux across it and not the intensity

at any particular point.

»®
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Now the intensity at an element of the receciver will be

I=€,’,‘(f/,ch‘* eenenenas (10a)

/
where '~ 1is the emissivity factor of the radiator (assumed to be
uniform} and T its absolute temperature.

The flux across the element will be
) .
AF=8 . .aT4d RN €13

where fis is its aresa,

Thus the totul flux will be glven by the expre951on

= (_'_G'T/.f Cf’f‘f teeveneres (10c)

Q
taken over the whole of the receiver.

The expression Jﬂ QPO(S ig called the 1ntefrated configuration
factor and is given the symbol

s F = g_'/_d-ﬂra' ireeeneas (10d)

—

ﬁP includes the effeot of the area of the receiver and the mean
intensity over the receiver is given by the expression:-

I mean = a/g'-r‘lr%: ‘ viviesesas (10e)

where f; is the area of the receiver,

aj has the very important property that if the roles of
receiver and radiator are interchanged the new has the same value,
In other words, if the emissivity and temperature of the new radiator be
again £/ and T the radimtion flux falling on the new receiver will again

ba _
f:{’,q“Tk'_'(ﬁ vereesens. (201)

It should be noted that this does not mean that the radiation intensity
(i.e. flux per unit area) at the new receiver has the same value. -Since the
area is different it is now given by:-

I = & G’T"i ceerinerss (10g)

where ‘S is the area of the new receiver,

mean

It is not praoticable, here, to give a comprehensive list of expressions
for integrated configuration factors for various combinations of simple
surfaces, as it would occupy too much space, Instead a simple example, that
for the radlative transfer between two parallel discs on the same axis, will
be evaluated., It is illustrated in g‘igure 9,

Radiating?J , o Rgcelving Consider any one
surface | surface surface to be the
ey

radiator, then from
example 5, paragraph

Figure Ja 8, the value of the
iy configuration fact~r

-,

Receiving
suriace

o

“

— e ap— —

A —— e ——
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around an elemental ring of the receiving surface, see figure 9b, will be

A LA A .
C?j:z*lﬁh f— - LrE - it ey cereenseee (10h)
4 IR A ZR 2y )

The area .of this elemental ring is aJanctz. Therefore the integrated
confipuration factor will be given by ' .

=T Rty -/ PR OrE D
eossanasee (101)

The symmetry in and R‘Z indicates that the roles of receiver and
radiat.r may be interchanged. ’

If = Ry and By ¥, that is receiver and rgdiator are large, of
the same size, and closé together, then ~ the area of receiver or
radiator. Thus the mean intenaity, which in this oasc will be the same as
the&intgzsity at any point since the latter will be uniform, will simply be

r L]

11, wultiple reflections hetween infinite Qaraliel plane suffacea

When dealing with problems involving finite receiving areas, the effect
of .rultiple reflections becomes important if (1) the distence separeting
receiver and radiator is oommensurate with the dimensions of the receiver
and radiator: and if (2) the emissivity faotors of both receiver and
radiator differ appreciably from unity. Thus the radiation intensity at the
rocelvor will be due not only to the primary rediation from tho radiator,
but will include radiation from the receiver reflected once, three times,
five times etc, by the radiator and radiation from the radistor which has,
been reflected by both receiver and radiator.

The intensity at any point is thus the sum of an infinite seriea, It
may be evaluated much more easily, however, as is now shown for the case of
two infinite parallel plane surfaces, illustrated in figure 10.

@ @ : The emissivities of the surfaces are taken
as &, and £gand thcir absolute temperatures
as Ty and To. I and 1! stand for the

_ I ) - radiation intensities in the direotions
E il indicated, As the surfaces are infinite,
! & configuration factors are everywhere unity
Ta_ and the intensity of primary radiation from

T‘ I (1) will therefore be & ch."' .+ By

' adding the fraction of the intensity 1',

- incident on surface (1), whioh is refleoted,
. an expression is :i.mr.lediately obtained
Figure 10 * 'relating I and I',

———
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Now Kirchhoff's Iaw gtates that the abasorptive power of a non-transparent
surface equals its emissivity factor. Thus, since the fraction of radiation
reflected is that not absorbed,its valve.for the surface (1) ia (1 -~ &)

R q‘Tl*+(f g) e (11a)
by a similar argpument | ' |
T’ Ca a-T“’+ (I—Eﬁ)I (11b)
Cmws T o= gl *’CJIT&"CC‘U'T“, veerrenees (120)
£, + Ly *f.{_
I __,x_iad-T: ¢ f,'rT_ﬁido'T
' £ at E. £ f:

and. ceeeneasas (114)

The net heat transfer per unit area per unit time

~1-T'= Cﬁa(ﬁ XaN e G30)
£‘+£&.—E'£Q

It is of interest to note that if T, = T, then , '
i 4 :
I-I'=¢T eveereens (111)

This result follows from the fact that the assembly has become an
enclosurc at constant temperature and by the Second Law of Thermodynamlcs
the radiation 1nten51ty can be a functlon only of the absolute temperature, - .

£y
12. iultinle reflectlons bhetween two finite surfaces

Where two finite surfaces are considered-the effegt of nultlple
reflections can only be eaully taken into account if the follewing
approximations can be asyumed.

1) That the radiation intensities are uniform over the two surfaces
considered, This will be true if the separation between the
surfaces is con31derably ﬁreater than their dimensions,

2) That reflections are diffuse and that the soattered radiation has
a uniform angular distribution.

Radiating

surface . Rece1v1ng sur{ace

. "3
A Wl
£ -C—P_ T f—a
5, .' Sa
Hgure 11 . : -

A general case is 111ustrated in flgure 11 in which the 1ntcﬁrated
conflghratlon factor between the two stirfaces is 7?7 , the areas of the
two surfaces are §, and Sy , their emissivity factors are £,and §
and they are at temperatures T; and Ty. The intensities I and I' are takenl
to be near the receiving surface. Then by the argument of paragreph 10

I—_ %{£%+ér 1(‘ E U'T“} e tvvenee (128.) o
= (1€ -Ea0t.E)
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’ f.ad“ & (""' a)a*T.
. ;?;3'(" "‘Ea‘!"f.t;)' teereeeass (12B)

The rate of gain off hcut per unit area, by the ‘eccivcr,iu therefare

I......Illt %EEMJ‘T “ElTT“("S%L__&_E__).(Q)

l——-iv-( - &=t +€E.)

in'inite and therefore

This expression re gs to %presslon (11e) & §, and S are considered

' the dimensions of either the radiator or the receiver are small
co rgd with the separation between the two, then the terms including
qi%; may be ighored. The expression becomes--
3.5,

I-I'= ’%::&f_acr‘b:l*w f_ach&““ creeeens (12)

Precisely the same result is achieved if &, = &a~>{ and it merely
implies that reflections have been neglected. The first term in expression
(12d) represents the intensity of primery radiation, from the radiator,
absorbed by the receiver and the second term represents the intensity of
radiation emitted by the receiver, }

The treatment may be extended to include the effect, on the two
surfaces, of radiation and reflections from the encloswre containing themn,
but the resulting expressions would probably prove too cumbersome to be of
practical use, . '
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I | APEENDIX 1

Circular disc: TNecelver on the axis

The expresaion

a
CF: —-?L—R Cm B (see paragraph 8 case 4)
R™+ Y

!
S S

s -

oo B
G vihere Y = nR

Table 1 gives values of _ 1 for various values of n.
' 1 +n
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APFENDIX 2 S .

Circular disc receiver parallel but off axis

The expression -

LA a - :
Cf:: é{l —— e y + Z-a— R (see paragraph 8 case 5)
o JRM (YRR (y e T

& lL ‘ J { N a\( 1\.&__ ma}* (‘Na* T}\ﬂi :where Y = nR
. and 2 = mR

7eble 2 gives velues of this expression for various values of n and m.

e
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Table 2 }'{l Vi) }
4 Jira(na—my)+(ad w2

ha¢d
n 0 05 1.0 45 2:0
0.5 0,800 0.724 0,379 0, 08L 0,022 |
0.6 0,735 0. 655 0, 356 0,99 0,028
0.7 0,671 0.591 0.335 0,110 0,037
0.5 0.610 0.53) 0,314 0.118 0,042
0.9 0.552 0, 48!, 0, 295 0,124 0,048
1,0 0.5 0.438 0.276 0,126 0,053
1,1 0.452 0. 398 0.259 0.127 0,057
1.25 0. 390 0, 345 0.235 0. 126 0,062
1.5 0.308 0,276 0, 200 0,120 0,066
1,75 0. 246 0,224 0.171 0,112 0.067
2.0 0.2 0,185 0.147 0,102 0.066
2.5 0.138 0,130 0.110 0,084 0,060
3,0 0.1 0,096 0,084 0,059 0,053
ATPRMDIX 3

Circular digsc: General case

The expression:-

= ___CAraﬂa + ZL i{a
¢ {' y*-z IRA (v@}

me i . \/ Z 4 Ra‘ ParaSI‘&Ph 8 case ()
3z ‘/R‘\‘-'ra(yiz_‘ "th‘ |

— 3 {:\ B P L | j}
2 ‘ fﬁf&hﬂnﬂ;hNWﬂi

4 e oY |"‘ iy mis
am. I+ 3= w3+ (R m¥)?3

where ¥ = nR
and 2 = mR

= ‘"'Tfrfc"“Qf{3_"%‘:frfk o ¥

vhere ¥, is given by Table 2 (Appendix 2)
and F? 1s given by Table 3,

Tt vill be found that cos /3 and cos ¥ are almost always negative
since fsﬂand ¥ are. the angles between the normel to the receiver and
the positive directions of the Y and Z axes respectively, '
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Table 3 ___'h.{|____‘n iy |

. am (13 a(nd ~m I (nhen

m '| ,

n 0.5 1.0 1.5 2.0

f o T . .
0.5 0,471 0,296 0,157 0,068
0,6 0,766 0, 265 0,160 - 0,076
0.7 0,155 0,238 . Q157 -} 0,080
0.8 0,142 0.213 - 0,152 .| : 0,084
0.9 0.130 0.191 - 0,445 | 0,085
1.0 0.116 0,174 0,137 0.086
1.1 0,104 0,153 0,129 0.085
1.25 0.088 0,130 C 0,116 0,082
1,5 0,066 0,400 - 0,097 0,075
1,75 0.048 2075 0,079 0,067
2,0 0,038 0,061 0,065 0,058
2.5 0.023 C.039 0,05 0. 043
3.0 0.015 0,026 0,031 . 0, 032

APPLIIDIX &

Rectangle: Recelver parallel

The expression for CP given in paregraph 8 case 7 is in terms of the
varisbles x4 Z, 2o and Y and cannot be easily tabulated, 4 table with
8 general applicétlan may however be evolved by putting x4 = 24 = O and by
making use of the additive property of configuratien ;actors. Figure 12
illustrates the example for which a table has been prepared.

7 'I"'z . T 0{ Zﬂ
, 624
Rediating Radiatear
surface Receiving
2“1’" element :
> S
2 e YL -
. 0 Receiver
q’{-.,_-__._, S .
_ View along ¥ axis
s :
Fleure 12
Xardy 03 —_ ‘x.,?g To apply the table to
Receiving o general case 1llustrated
element —_ in Figure 13 four values
2 yO— - —Cp - — - = '1-,0 Radiator of are looked up,
v -2 C 10~ 1, D ! for 'areas A, B, C and D
Yo BRI respectively, and summed,

If the recelver ard :adlator ere gyumetricuwily placed, i.e, xq = X5 '
! - ?
Zy = Z2 then q/ = U ?ﬂ

The expression for Cp where x4y = 24 = 0 (Pigure 12) is

X -l

|_J.Xa_ ¢ -1 _Za
(P AT \/x +y“ CM"/xf‘-r-Y‘ +J

z, x&
Zaty? *y

Ao
H—% Hv_% !
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> :
where = ——& = ratio of height to width of radiator,
*a
x 7.'. ‘A Vsl :
and o = =ATE = area of radiator
\/a {scparation vetween receiver and radiator)e

Table L gives values of this expression for various valuecs of X and § .

Table I } JLGL\S Ao C(S \
W{ | $-%kS |+cxs + EZ %J‘
< i i . i |
N 1 0.9 0.8 0.7 | 0.6 0.5 0. L 0.3 N2
“ "\1 . \

2,0 0,176 | 0,178 0.177 0.175 0,172 0.1671 0,161 0,149 0,132, Q.
1.0 0,139 { 0.138 0,137 0.136 0,133 0,129 1 0,123 0,113 0,093 | 0,
0,9 0.432 | 0,132 0.13%1 0.130 0,127 0,123} 0.117 0.108 0.094 1 C.
0.8 0.125 | 0.125 0.124 | 0,122 |- 0.720 0.116 { 0.111 0,102 0.08 | o,
0.7 0.1417 | 0,116 0.116 0.115 0,112 0.109 ] 0.104 0.096 0.083 | O,
C.6 0.107 | 0,107 0. 106 0.105 0.103 0,100 | 0.096 0,083 0.077 | C.
] 9.5 0,097 | 0,096 0,96 0,095 0,093 0,090 0,086 0.C80 | 0.070{ o,
1 0.4 0,08, | 0,083 0,083 0.082 0,081 0,079 { 0.075 0.070 0,062 | 0,
1 0.3 0.069 | 0,068 0,068 0.068 0.067 0,065 ] 0,063 0.0%59 0,052 { 0O,
0.2 0,051 | 0,051 0.050 0,050 0.049 0,048 | 0,047 0,045 0.040 | O.
0,1 0,028 t 0,028 0.028 0,028 0,028 0,028 | 0,027 0.026 0,024 { 0O,
0.09 0,026 | 0.026 0.026 0.026 | 0,025 0,025 | 0,025 0.024 } 0,022 | 0.
0.08 0.023 { 0,023 0.023 0,023 0,023 0,023} 0,022} 0,022 0,020 0.
0.07 0.021 | 0.021 0. 021 0.021 0,020 0,020 | 0,020 0,019 0.018 | O,
| 0,06 0,018 | 0.018 0,018 0,018 0,018 0,017 { 0,017 0,017 0,016 | o,
| 0,05 0,015 | 0,015 0.015 0,015 0.915 0.015 | 0,015 0,014 0,014 1 ©
N0, 0 0.012 | 0.012 0.012 0,012 0,012 0,0121 0.012 0,012 0,011} ©
4 0.03 0,009 | 0,309 0, 009 0,009 0,009 0,009 | G,u09 0.009 0,008 | O.
4 0,02 0,006 | 0,006 0, V06 0, 006 G, 006 0,06 | v, 006 0,006 0,006 | ©
| o.01 0.003 { 0,003 0, 003 0,003 0.003 0, 003 | 0,003 0,003 0,003 | ©

SO C D s G

,
-

TOOCOoOCC OO COO0O
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APPYCDIX B

Rectangle: Receiver perpendicular

The expression for Cg given in paragraph 8 case 8 is, as in the .
previous example, in terms of the veriables x, x5 24 Z, and Y and cannot
be easily tabulated. Again, a table with a geteral applicdtion may be made
by putting x4 = 24 = O as illustrated by Figure 14 end by making use of the
additive (and subtractive) properties of conf 1guratlon factars,

v Receiving
: elemem:}c Radiator
T x,,0 00
i Recelver
‘; 5 a View along Y axds
; ' Figure 14 :
! In applying the table to the
i I.,‘ZA 1R general case 1llustrated in
' A -x, L, ‘Mpure 15, four values of
: ' are looked up and then
] c 0 .
!
2 -
i I}; ' X, 2z
| &  o'Receiver I - 800~ YAE VG FBM
| x,,0 00 -x 0 I
! vt Y Figure 15 = . - &uo&- ffF DHO

-
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The expression f£or ,qﬂ where x, = %y = 0 {Figure 14) is’ "

(0
- Lt E - A:M/ t!
9\17'1k > JT#as |+ as

where S = Zg_ ~ raiio of height to width of radiator
X
2

Xo ara o radiator

.- L e e D R PO

i
1

and ¢} -

(geperativn betieen receiver and radiator)2

Tadble 5 gives values of this expression for various velues of Of and f;

Teble 5 .~ av{%/%’ —— l+o(’5 /I+¢.S

! R
2 1.8 1,6 1.4 1.2 1,0 | o.8 0.6 0.4 0.2 !

R
N

0.129 | 0,130 | 0,130 | 0.129 | 0,128 | 0,12 | 0,119 | 0.109 | 0,093 | O,08L
0.095 | 0.096 | 0.095 | 0,094 | 0,033 | 0,089 } 0,084 {0,075 | 0,061 | 0,038
0.030 | 0,090 | 0,090 | 0,089 | C.087 | 0.084 { 0,079 | 0,070 | 0,057 [-0.035
0.084 | 0,084 | 0,084 { 0,083 | 0.C31 | 0,078 | 0,073 | 0,065 {0,052 | 0,032
0.078 | 0,078 0,076 | 0,077 | 0.C75 | 0.071 | 0,066 | 0,059 | 0,047 | 0,029
0.071 | 0,071 | 0,070 | 0,069 } 0,067 | 0,064 | 0,059 { 0,052 } 0,042 | 0,025
0.063 | 0,062 | C,062 { 0,061 | G.C59 | 0,056 | 0,052 | 0,045 | 0,036 | 0,021
0,055 | C.053 | 0,052 } G,051 10,049 1-0.047 1 0,03 4 0,037 1 Q,029 | 0,017
0.043 | 0,041 | OOkt { O,040 | 0,038 | 0,036 | 0,033 {0,028 | 0,022 § 0,013
0,029 { 0,028 | 0,028 | 0,027 {0,026 | 0,024 } 0,022 | 0,019 | 0,014 | 0.009

0,014 | 0,013 | 0,013 | 0,012 -4 0,012 | 0.014 { 0,010 | 0,008 } 0,007 | 0,00k !

L d - - L 3 . @

SQOOAAA-&AN#O\G:ONPO\O::OO

OOOOOOOOPOOOO—L__\-L-;_;N;:—

81 0,012 ! 0,012 | 0,011 0.011 | 0,010 | 0.009 { 0,009 | 0.008 ]0,006 | 0,004

16 | 0.011 |.0,011 0,010 { 0.009 } 0,008 | 0,008 | 0.007 } 0.007 {0,005 | 0.003

Akl 0,008 {0,009 0,008 | 0,008 | 0,008 {0,007 { 0.006 | 0,005 | 0.004 { 0,003 |
121 0.008} 0,007 | 0,007 | 0-007 | 0.006 | 0,006 | 0,005 | 0,00 {0,003 { 0,002

.10t 0.006 1 0,006 | 0,006 | 0.005 | 0,005 Qm.mw+amsomsqm2}
.08 | 0,005 | 0,004 | ©,004 } 0.004 {0,004 {0,003 | 0,002 {0,002 }0,002 | 0,002 |
06 | 0,003 §{ 0,003 | 0,003 | 0,003 {6,003 | 0,002 { 0,002 | 0,002 |0,001 | 0.001

. 0,00, | 0.002 | 0,002 | 0,002 | 0,002 | 0,001 | 0,001 } 0,001 {0,001 | 0,001 ’

. 0.001 | 0,001 0.001 | 0.001 } 0,001 | 0,001 | 0.00t | 0,001 | 0,001 0

— S SR X

¢ Apommiy 6

Cylinder

The expression

ﬁ..m ™ah ST
{ J('\-‘e +"\3’L J(n'*—»)qrmln‘

+o- tan”’ ot A AL
v R e S e

see paragraph 8 case 11
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™ N | -1 anq
where F = 4+ . - Trn
here ¥ = 4 { J k° b (e Jn2~ l)af min?

Table 6 gives values of T for various values of m and n

Table 6 .L{-L_-Mf L na ,f/—MC'_JN‘-'
S E s el e e i SO
m ' .
10 9 8 7 6 5 4 3

0.5001 0,5¢0 ! 0,500 10,500 0,5C0 | 0,500 | 0,500 0,500} 0,500 | C.5C
0,250 1 0,250 | 0,250 10,249 | 0,249 | 0,248 1 0,247 0.2451 0,238 | 0.22:
0,167 | = i6n 1 0,164 (0,164 | 0,163 | 0,161 | 0,158 0.149 1 0.140] 0, ¢
0,125 O o) 0,122 1001211 0,120 0,117 1 0,111 0.104{ 0,089 | 0,0
0.100| 0,099 | 0.097 | 0.095 | 0,093 | 0.089 | 0.083 | 0.075 0,063 | 0,045 |
0,064 | 0.080 | 0,079 |0.076 | 0,073 | 0.069 | 0,064 0.056 | 0,046 | 0,032 1
0,072 0,069 | 0,066 | 0,064 | 0,060 | 0,055 | 0,050 0,043 | 0,035 | 0.722L%
0,063 | 0.060 | 0,057 10,0541 0,050 1 0,045 { 0,040 0.034 | 0,028 {0,019
0.056 } 0,053 | 0,050 | 0,047 { 0,043 | 0.037 | 0.033 v,028 | 0,022 | 0,015
0,050 | C.048 | 0,045 | C.0n2{ 0,037 | 0,032 0,028 0,023 10,018 {0,013

[T VAP TRVIN. S (S errpn 0 7 - ard SITT ) M s L4 e






