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smOPSIS

Expressions are derived by means of'whioh the radiation intensity at n
point due to various shapes of heated surface (e.g. diso, sphere, rect~nglQ)
'fll'.71 be computed. Tho' expressions are concerned only with the relative
eenmetry of the surface and are known as configuration factors. The va~ioun

!,roperties of configuration faotors are listed. Total radiation flux ove7.'
:l. finite area of receiver is also considered.

Expressions are derived for the radiative heat transfer between surf:lcas
when mul~,ple refleotions can occur.
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The the ore tical background and the laws n pplicable to thermal rai1 i:l ~i.()n

have been very satisfactorily detailed in A large number of text booke.
Prevost's ThcOI"1 of ExchanCcs, lambert's Cos inc Lnw and proofs of Kirc:lhoff I a
laws and Stofan's Law will be found in most text bookB on Heat. From tho
above the radiation intensity inside an enclosure or near to a' surface rr~y h~

computed. Problems encountered in practice, hovrever, necessitate the
calculn tion of radiation intensities a t a specified dis tance from a radi" tor.

. .. ",
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I t is the purpose of this papcz.. to J.:t!'lt expressions whereby tho
reduction in intcl1nity due to the r.fJ0:-l1']"L:::ic:\1 relationship of radiator
and receiver may be taken into acco-int ,

The gecmetrical relationship l"['.:;~.l'~', known as the configuration faotor
will first be de8crib~d ~~a lator i~ ~~ll bn ~hown ho~ the expressions for
radiant intensity azo madificd if tl-',,:;- rudi.a tor- and the roceiver are
reflecti~g bodie3.

2. Cnr.fiCI1:r.:lt:i,o~.!..SE
• •

I

\
'I ;
~ -- --',

dl )--.. t,9_".. _. _,
Radiator

, e
:£,

- .:.. ~ 11)...) (elemental receiving area)

F;i.gu,re 1

o·

IrS'is D radiating surface and S a receiver (figure 1) it will be aeon
that the rndiation falling upon ds per second from the elementary area of
radia tor cU' ,

I '
= area of mdia t ing eLen..I~nt x i x cos e x solid angle

subtended by ::..~ceiver at radiat~r.

. I' ",dF = d: 5. L..~ e .fX- 6) •••••••••• (2n)

, "

The factor cos e appears in expression (2a) because tho level of
radiation emitted from a ourfacc is ucpondent on the direction, falling
to zero pa raLl.eL to th~ surf'nce , T1:0 J0.W is known as Lambert I a Cosine
LEw:. SUJG titut :lr_g fer ;,. 0.,,1 ::L/ (2[1,) 'iJJ..:GOf:1CS

where i is the radiation per second emitted by unit area or Burface,
normal to the surface. From Stefan's Law·it can be shown that

. ~trT't»>:«:
where [.. is the emisivity factor or "blackness" of the redia. ting surface
compared with that of a black body und T 10 the absolute temperature of
the aur-I'ace in oK.

J F j I r no T ',,' . I A.~: ........ ()_! '.. _ .. t....,./. . ,. .,.. ~ :'\ __v i/II
\,0;1,.- ( ...~S X ,-----. X. '..A.-r'.) fJ ....._._-

i~- -r' 1

The in tens it:! d.I. at d..s due to d.s' will be d.. F ; e.-eLs J~' ,

•..•..•••• (2b)

•••••••••• (20)
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1 I e'.0-S . c...o? =cJ (J the solid anglo subtcnded at the
'"l.a -

receiver by the elemental rad in tor, then
1

t

I

•••••••'•• •(aa)

Figure 2 illuB trates the significance of tho symbols r1 W and ~e

ds -.'":,.- -...: .. /. c.L ~,f Bolid angle
Radiator - "- -J-C _

'0 t ~""';..~ tt$ Elernento.ry receiving area

Fik!iure 2

l'):c cxpre se i.on for the intensity at the receiver due to the whole of t.h~

:-::·~d i.~ '\;or will be

........... (2-D)

How Stefan's Law states that the intensity ncar to a radiator at a
temperature T is La-T'"

where L

is again the emissivity factor of the rndinting surface. The intensity

,1 compar-ed with the intensity l() c [.0'"T '-t- near to the rndiating

surface is therefore
r S I

r:::I.o 't +l,d..W.~e ....•..... (2f)

The factor _L: rS
~ {,,) c.....0-08 whi.ch , of course, becomes unity :l.r

11 )(1 .
tho receiver is nedr to the radiator (i.e. gives a solid angular cover of

~"Tr ) is de penden t purely on the gc orne trical re Inti onship of
r~diator ~nrecaiving element and is called the configuration factor. It
r;}louJ.d be noted tll.-'lt it refers to an intcn3ity at a point duo to any aLzc
~~ Dhapc of rndiator anu not to the radiative heat transfer to a receiver
of fini to size.

'J-:18 symbol
~-l..eI'Lned as

is given to a configura t:i.on factor and it is alrmys

(
r. . "".•••••• "••• ('Jr..,

i~.. -.
If
j

j

",.,here the limits of integration refor to the .mdi::\ting arcn •

.
Some of the properties of configuration factors will now be dtH!cri"''; ~rl,
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Additive property of oonfiguretion factors

o

out fram the centre.

surfaoe with a diso

radiator is a square

Receiver

Disc cut out

~
/~

Square 7/( -------t­
radiator !p

For a fixed radi,a tina area and an elementary receiving area the value
of rp may be obtained by dividing up the rad i.a ting area, oalcula ting the
L~diviaunl configuration fBotoro and then adding (or sUbtracting) them.

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

Tho oonfigura tioll faotor

may be obtained by

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

•••••• I ••• (:3a.)

This property has been usod in Appendices 4 and 5 where configuration
factors for rectangles are considered. Tables are given for the cases
where the receiving e lament lies on the perpendicular from one comer of
the rect~lglc and it is ex~laincd that the value of qp fo~ any other case
can be obtained by adding (, or subtract.bg) the va'luea of Cf for reotangles
which conform to the oases to whach the: tables apply.

E~ivalcnt surface

As it is only the limits of' the expression

. S'.1.-[ cl.c» ~e".. .
C,)

wllich concern the radiator, it follows that any two radiating surfaccn
sub tending one and the samo solid anGle will give the same configuration
factor. Figure 4 il1us tra tea .two aur-f'aces giving the same confi.gura Han
factor. .

Radiating
surface

. ~ -l-5 ---
- _I - .-"

L 7'-
Equivalent
surfa.ce

....~ -r Receiving
(.) ._.-~--:··A element

... -

This property of configuration faotors is moo.t vnlunblc 1n cvnlunting
them and~h:'\s in fact been used in deriving tho expression for tho sphere
given in paragraph 8. ..

•



.,
-5-

Thus reforring to figure 5 tho spherical radia.ting surfaoe has been

replaced by the equivnlc~~

disc to ovnlunte:-

l
S i

rIJ :=...!.. d tAl tAn o--I 11" . .
--~----_....>~....t~ 0

#., - Heceiving
elereent

-21.hcrLcnI '''\radiating
_.

-. -.
surf'ace , -..

\ -" .-

-. -1
/ .-

... ~
.-

Equivalent disc

~ .. Configuration factor Coain~

The Oonfiguration Factor Oosine Law concerns the cr1ontation of an
e Lementa), reserving area for a speoified rad1o.ting surface. It st:lter.: that;
~r a ~ocivin~ element be orientated such that the configuration facto~

:~- •.' D. 1'.l':l.Y.imum ~as regards angular displacement) than any angular disp.1.I:'r;c­
la r :n t of tho receiver from this position by an angle 9 -rr.ill reduce tho
configura tion fa.ctor by ('.-o:::l /:} (1) .

The application of this law is limited to oasos in whioh the plo.nr·
of tho receiving element doos not intorsoct tho radiating 3urface. ~h1z

limitation is illustrated by figure 6. Figure 6a illustrates a 'rccoivin~

element orientated such that it

Square
radiator> ,

- --~. -- -' _.-t-_.-
Receiving
element

Figure 6a

recoives maximum intensity (aD

regards angular displaoement) from

a square radi,.'3.tor.

Square
zadaa 1:0\' -_.

t\ B._- ...- ~ ..--
l1ecoiving
element

Figure 6b illustrates the caae where the receiver has been turned thl'Gubh X Cl
•

It then receives radiation on both tho front and baok surfaces and in'tbc
mathematical expression for the configuration factor tho radiation ~~t&r.~ity

on the back surface is represented by a negative quantity. . .• ~

1:1 the part i.cu.l.ar- case cited, tho positivQ and negativQ quantii;ic~' ::1':':

c qual and if tho limito.tion were not observed the resulting value of d} Y!')l: ~.u.
be zero. . 1

..
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I " ~

6 • ('rt;ome trica1 interprc ~a tion of :;rj J" (.).CAr) e
. 0

The cal cuIn.tion of the V.1.ltlc of 1\ conr'Lgura tion f'ac tor is s orne times
simplifier] by use of th~erfleometrieal interpretation of

rf) ¥.L (. -'Odl,.). C/);) e
'f "II.J..

which will nov: be described.

2

~ ...

Ro.diatar

SIll

l~igur0 7

In figure 7 let ..s I bo the rn(lj~tin~ surf'aoe and let ol..~ be tho
recDivinc clement located at the Ol'i~~iLl (and in the x}-plane) of a
cartesian system of co-ordana tes , a

rNly be

• ••..•..•• (6b)

•.•....... (6e)
_J II

of <:M on the :x.JBut

let a 3 phcre , of radius R be drawn ar-ound the receiving elomen't.
if 5" be the projection of .s' on the sphere the expression

5'cf ~ t LJ (J.~ B
s I, . J. II

f =f:1 \A~e.rP-
cis I!~ e i:J the projection

I . 1/1
p.lnne = ct..5· J' S'"d ! I, c I',rf) _' r: -..5 .....
.. '1 TT" v -r.--r == ir If&.

The usc of the geometri.cal intorpretation is best illustrated by an e xampl.e•

written

Then

./
/"

-:
/'

H

,
/
f.

f. 10
d.er

Receiver
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In figure B let the :infinite plo.ne A I:I C be tHe. re.liia.t1.ng surf'o.co nr.d
ht ~..cr be the .receiving element. ''The h~m1..sphf3:re E F !tof rad1ua R is
dr9.wn as deBoribed above.

!low the projection of the plane A :B C .en tho hBmisphoro E ~ It will
:,.; th,! (three dimcnafoneL] surf'aoe E F H. ~e further projeotion. or E F H
or. 'c~'3plane surface A E 0 K G will be

.. (
lr;~\I i- r./~~i e)

This fact can be more rendily appreciated if the surfaoe is oonsidered to
be diyidcd iilto strips of which the longaot dimension is in thd airoation

A Q. • For B1mplifico. tion -the. aurf'aoee on either side or.~~ ~l8na
o F may also be oonsidered separately.

From expression (Bb) tho vaLue of ep 1s imrtiodio.talY given. as

•••
•• I •••• 'It. (6e)

l1'Jttcl (2) desoribes a rmchdne which uao a this :L'1terprctation ~I')
:...:....\>..la·~,"3 conf'Lgura tion factors.

JI-!;B.rt from oomputing configuration faotors from ~h6' expression

f\. , i)"cr ::. 1F ~ J~",. ~A1-o e
or using the geometrical interprctati09 they may be evaluated by an optical
annlogue dcscr~bed by La.w~on· and Hird~3).

The method. is particularly valuable. ·where the surfaces considered arc
complicated and depends on the fad' tha.t: the laws ot therrne..l radiation: a Lao
apply to light since both are elecitro~gnet10 radiations.· A mode~ of the
radulting ourface is mado of a mAteriAl whioh diffusoD light effeotively
and therefore emits light ac cording to L.~.mbcrt'a cosine !Ll.vr '"then !lluminatcd
from behind.

Tho valuo of a oonfiguration factor, i.e. the ratio of intensities at
a specified point and near to the radiating surfaoe, is measured by maans of
a. photo-cell.

8. .Yf:.lues of various oonfig'=!ration faotors

Expressions for certain configuration faotors (4) (5) (6) (12) hnvo
~(;en,dcrived previously 9-nQ. in tho casea of cylindrical (5) J reotangular
,6) ~7) and boiler tube ~8) radiators graphs have been plotted 'giv~B
l';J.j1}~et1 of values. The following is a list of expressions for the oon:f1gurr-.-
t~on factors of th~ simp19,l.. w91l 1a).~ surfaces. The derivations are not
glv~n, but are ava~lable ~~) ~10) (11).

I'~ should be noted tha.t; in all the following oases excepting the firrlt J

.~ ;'C I-)~(rxv:asiom do not B ppIy if one or more of the limits of the ro.clil'. t.:L1~,
::'.-.~.!, lin::; beh i.nd the plano of the receiver.
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,1

------

------------ --"-..•'

....

0>, . ~t
-----.J--r-'~'-.~

Receiving
~lemcnt

l. ) Inf:init e e1a.ne Receivmg
element at dn angle e

(see paragraph 5)

j ,
I . -- . ---j

rtudiatlngjz.. Receiving I r J. a ~ } I
sui-race........ _', e10mrnt ,tf).J,' • _ y of--~ - R r_

I { '\ _ z:· I'f' 3,C jR"..atyt.... z.,--R";l..(y\lf
I r I~ ./ '\

I J'- ~~/·-·--·--~!a Tabl. far ep in t""",. of the per~.ter.
I ~.. - .. - y .- ... -.- .-) l~· and m, where Y ::: nR and Z ::: rnR, will be

:c . found 111: -Append ix 2. 'I, .
5) p~cular disc (in the plane I

xz), lteceiver
off the axis
but par-al.LcL,

\ :?Adint ing
I surface

i r"[\ !21,
Ii L-..f 7i" I Receivmg
!. / clement
! ". /'I "---;::. . ~. ._.. .TL. A . ,- ". .)

I, 3) ::l'-,herc----
I,'---1

1nadiat.:ingJ' 2-

I
surface "­.,

, .I ....,
I : i
I (!.~,1J-L.
, \ I /I \. /
I \f J\ I<~ ...--- y - .. .' -.. -)
; )(.

: 4) Circ.:ulor disc (in the plane IA Table for cf in terms of' the parameter n J

xz ) • Receiver: wher-e Y =nR, '11111 be found in Appendix 1.
on the axis.

I
I1 and of coursrpe ,
, I ~.n t· 0 ,

1_ - - --RAdiating-· --.._- -: j~1:~0;C=~1 ~~~~~~r;:;::~~~
I ..........,surface (ey.tenc:i~ to :

-........ ' in1'inityI <;I . --"':"J perpendr cul.ar'
: I,":' ('. " 'iJ to paper)
1 -.. - .• ' •.
I Receiving element

I. ,2) Ii."lfinite stri;E

\ Surface : COnfi,gyra. t~on f[\~f' '--'" _.. _._ _.-_.- ' - .-.. .. -,.._ ··---t·· -- _ _-- _ .. _ _•...•....•. _ - .•-_ _ _- _ .

! Rndi.ting / //- / ; r ~ ~ (i +c..,.l (~)
aurf'ace \ ~.../ ..' I This expression is clerived by the

"C'r: . ~..::.:··I ~~~. l met hod of parngraph G and only the
,/'A ~ H . radia tine area above the plane AB has

./' Rcce i.vdng I been oansidcro(l.
element 1

The value of the configureHan,
I faotor with respect to the rear surfaoe

of the receiving element 1a:-

ep I~ ~ ( 1- V(1-.1 A)

. ~. '." - ..-
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I,
. I Heceiving surface has direction

cozdrics ccs oc , cos (3 and cos "I
with x, y and z axes respectively.

6) Circular disc (in xz plane)
General caae ,,--------_._-----

I

7) HeetaJ1p'le

Receiving
element (in xy

y !~ef~

8) Rectantle Receiver
; perpendicular

_·····~---···i

,
i
I

i
I

/,() t +- -I Jt. Y *"_ -I 7C..1 :
~ ..w,--. y-~'"OA\J~\'yt :
A Table whereby cf! may be eO:sily calculated
will be found in Appendix 5•.

,
I
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. - ~~I·Z.,. ,

t:ormal to r ece i viug clanrt
makes angles CI. I (3 and §. with
~sitive directions of x, y
and Z axes.

I
I

I

Vr- -z.
~ J,J '

:Llj..( . ......_......y -)

.
I Q£..n:;:"iB1lI'o.~ factor
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\

9) Rcc~.tle General case•

Z
l<adiating
!:iurface

._.------------

.•.

_ .._...._.__.--::---'.---~~-----+----------------_._-~
Radi~ting surface,+r.....{ _... T!?J? view ep~~tlJ.. t..o,.~I~+.,;,_lt'l'l~._.... to';' In..a''l _
/ R._ : " - '. -. _(:)I 11 Ln. ,/1.'- I J(""-it••~~ .A"..O'-In.:''~
{_'_-;--}'_--~~-":"'1'- i -1»1" mil\.. ~ J~ '1
\,,-_~/ --' ~~~:~~ng + ",,' ~·,~~::t ~~~ft+f'\~' .- J(ll~_l)!f~'~~

N.B. The above expr-eeaaon has been oalculated
~ ~ _. 1l R. - - .~.._) by the method of par-agr-eph 4. ~he plano

A v surface AB, which was chosen to represent the
; /.\ ~., 0 cylinder, is however not an exact equivalent

I
""' .~R. . "" ~-yie!!..)surface. Radiation from the Ucheene1t shaped

(..: H- - .......... I,Portions CD is neglected. .
I . ji-t _.L _..__ ..:'t-- ) 'rhe approximation is very good if n) m,

1
"1-11. . R: ' - Recetiving I l,i'or m--~c.£) the expr-es sien reduoes to

I ~ ~_ -- - - element I cf.::. ~ e .. i

~ ? __ .'h R- _ .....) ITO-bles for rO .~il1 be, fcund in Appendix 6. lj)
1) }:inite cylinder (npl"Jroxi!!"ate) 1 ~

- .---------------_\
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Radia tion intensiti03 near tc! 0. cylindrical flue pipe

The usc of the configuration factor babLcn referred to in paragraph 8
is illustrated by the solution of the following cX8nlple.

A f'Luo pipe whi.oh behaves as a black body is maintained at a tempera­
ture of '100OK and has a d.iamr-tcr of 20 em and an exposed longth of 100 em,
FiIld the intensity of radiation (a) close to its surf'ace (b) 20 em from tho
centre (0) 50 cm from the centre.

(a) The intensity of lndiation ~olose to the surface will be given by

10 = crT 4--
where (j" is Stefan I s constant =1.37 x 10-12 oal/cm2;oC4/soo

Thu:J 10 := 1.37 x 10-
12 x (700)4 =0.329 oal/om2/sec

m = lplf length of eiee = 50 = 5
radius of pipe 10

und n = distance from axis of !?ipe =20 = 2
radius of' pipe TO

(b) Tho intens ity of radio.ti on 20 em from the flue pipe will be given by

L: cfa- jl-r: cf.to

where the value for rf is given by Table 6. This table refers' to a receiver
on n level with one end of n pipe and thus the required value will be t\v1cc

, the value r' obtained from the table for half the pipe.

The D.9propriate values of the oonstants will be

't.

1"0'=l1henoe If

and c[J =

0.247

2 -o' =T 0.4;91

I

I
I
,

• • r = cfro = 0.494 x 0.329

;:: 0."1.6.'5 on.l/cm2/ s60

(c) AdoptinC; the same procedure as above J m is again 5 and

n ;:: distance from axis of piEC
rac1iuli of pipe

= 50 = 5
TO

0.166 x 0.329

"\,11r.nce ep I = 0.083

and 7-= d.f~ 0.166

.. I c:w cfa T ~ =- r.f Io :::
= 0.055 co.l/crrl

2/sea.

10. Integrated aonfiguration faator

r .

~fuen the area of a receiving surface is considerable it ie often
required to find the total radiation flux across it and not the intensity
at any particular point.



-12-

NOYI the intensi ty at an' element of the receiver will be

I :::: e: '(/ o: T4 • tI •• (io«)

r

I
where f.. is the emiss i vity fnptor of the mdia tor (assumed to be
unifonn) and T its absolute temperature.

~le flux across the element will be

c1 f: ['.ef··([T~d-s
• ••••• tI .... (lOb)

where d..s is its area.

Thus the botu L flux will be Given by the expression

F ~ C ' IJ-T'y l Scfcls • . • • . • • . •• (roe)

taken over the who Le of the receiver.

(lOd)·.,. .Thuc

? incluCiee the effeot of tho area of the rece iver and the mean .
intensity over the receiver is given by the expression:-

'The cxpre ssdon fo5cf.c1s is called the inteGra. ted conf'Lgura td on
f'ac tor and is given the symbol ep-

F =- f. ~ 0- T~ cp
,~ "

I mean ::; • • II ••••••• (10c)

wh6re ~ is the nrea of the receiver.

(lor)· .

qi has the very importnnt propeij,ty that if the role3 of
receiver and l~diator are interchnnb~d the new has the nane value.
In other words , if' the emissivity and tempera.ture of the new radiator be
a;:;ain [' and T' tho radiation flux falling on the new receiver will agaLn
be

(lOg)· ., .

It should be noted that this does not mean thac the radiatiml 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 _ I ~~
I Jne.,Q" - [, ~T ..s I

where S' is the area of the new rece~ver.

I

I
J

I

Q
f

Consider anyone
surface to be the
radiator, then from
example 5, paragraph
8, the value of the
configuration fact~~

~

.. cA..2.
Receiving
surface

It is not praoticable, here, to give a comprehensive list of expressions
for integrated configuration factors for various combi~~tion3 of simple
surfaces, ns it would occupy too much space. Instead a simple example, that
for the radiative transfer between ~70 parallel discs on the same axis, will
be evaluatod. It is' illustrated in Figure 9.

t1
,.. IA-Radiating A.. .. Roce' ing------------11 "' ... lV

surface 1 surface(- -. --r ----.)1
. :b"':i. e a

(f·~~~~
\ ','" ...........__..
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around an elemental ring of the receiving surfaoe, see figure 9b, will be

r().:::...L.(, _ Yl+ 2~- R.
4l

. ) •••••••••• (10h)

'1 a . j H5+a.( ys, Z.~R.,4+(y~Za)'i

The nrca..of .this elemental ring is altz.,cL;r. Therefore the integrated
conf'Lgura tion factor will be given by

(F = Jcf· d s

The sym:netry in R, and ~ . indica. tea tha t the r clcs of receiver and
radia t·.. t' may be intercl1a.nged. '

. If ~ = ~ and Rl~ Y, that is reoei~r and :frdiator e re large, of
the same size, and close together, then . 7p =. lr R , the area of reoeiver or
radiator. Thus the mean intcn~itYI ~hich in this case will be the same as
the intensity at any point since the latter will be uniform, will simply be

t tr" r4. .,
. . ,

11. multiple reflections between infinite parallel plane surfaces

When dealing with problems involving finite reoeiving areaa, the effect
of .muHiple 'refleotions becomes important if (1). the distanoe separating
receiver and radiator i:; oOtmJ1.onsurate with the dimensions of the receiver
and radiator: and if (2) the emissivity faotors of both receiver and
radiator differ a.ppreciably from unity. Thus the radiation intensity at the
roceivor will be due not only to the primary radiation from tho ro.diAtor,
but will include radiation from the receiver refleoted once, three ti.'lles,
fi ve times e to. by the rlldia tor and radio.tian from the radaa tor whioh has,
been reflected by both receiver and radiator.

The intensity at any point iR thus the sum of an infinite series. It
IJ1L'ty be evaluated much more ea aiLy, however , as is now shown for the case of
two infinite parallel plane surfaces, illustrated in firrure 10.

• I

Figure 10

The ewsj.vi ties of the surfaces' are taken
as E.., and Ea and their absolute tempern ture s
as T1 and T2' I ~.d l' stand for the
radiation intensities in the directions
indicated. As the surfaces are infinite,
configuration factors are every\vhere unity
~nd the llitensity o~ prirnary~radiation from
(1) will therefore be E.,lTT.·r. .r By
adding the fraction of the intensity II,
incident on surface (1), uhioh is refleoted,
an expression is imr.ledia. tely obtained.

-r-eIa t Ing I and I'. ' . .
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Now l\:irchhoff's Iziw ata t ea thn t the a bsor pt Lvc power of ll. nOJ:l-trnnspnront
surface e qua La its emissivity .f'ac tor-, 1'h1.l3, since 'the fraction of radintion
reflected as that not absorbec1,its voLue . for th'e surf'aco (1) ia (1 - LJ) .

"

Thus
'.'.' ,.

.. (110.)

by a similar 8;r[,umcnt

· (lld)

1'llU3

ane').

I t ; [~a-G.4- + (f - l':AJ I

I ;: k a T. "".... t.. rrTa,4- - c:.,La,C1'~Iy

(, + (4, - [I (li

l' ('::L (a (1- T,) 't. [, r7;1.,.- [, £~ rr ~'+

[ ~ ,T- £., - [, [it'

· .

· .

(lib)

(l~.o )

~". The ne thea t trans f cr per uni t ar-ea per unit time

t. f.. , (cr-I; 4_ (T Ttl.'t)
£1 + f.. c1 -- C, (01

It ir, of interest' to'note that if T1 = T2 then

· . (11e)

·....... , ... (11f)

Thin r-ersu Lt follows from the fact' thn. t the assembly has become an
enclosure at c'onstant temperature and by the Second L':l.w of Thermodynamics
the radio. tian intensity can' be a f'unc t i on only of the absolute temperature.

1?. J,~uJ.tiple reflections be tween two fini te surfaces

\~lere tw~ finite surfaces are considered'the effeot of multiple
reflections can only be "ea;'ily taken into account if tho following
approxima tions can be asuurned,

1) That the radiation intensities arc uniform over tae t~o surfaces
cons Lder-ed, Thi.s"wi.ll' be true' if the separation between the
~~~faces is considerably grea~er than'their dimensio~s.

2) Tll.."I.t refleotions are iiiffuse'and't'hat the scattored radiation has
a um.f'orm angular distribution. '

Radiating
surface :, ~ I) Receiving

~ r'
"~ ),

1,1 L 6-

. .s~

1'1.gure 11

surfa.ce

..
A general case is illustrated in figure ,11 in which the integrated

configura tion factor be tween the two surfaces' is ~ ,the areas of the
two surfaces are.s, and Sd.. , their' emissivity' factors arc (.and ta .
and they are a t temperatures T1 and T?,. 'The intensities I and I I a~ take~,

to be near the rece i ving surface. Then by the a r-gur.ien t of par-agre ph 10 " :

r =: ! {[ IT1; lr+f t",CJ ~ C)'a-T\'t} (12a)

-~(I s.s, 1-(, -[a. t[/-a)
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T I"" Eo",.,.T 4-+! L,{/- La. ~T. lj.
t - Ill, ( I _. [! - ~a 1"" L,t

The rate of gain of' heu t per unit area. by tho ..·eceivcr,io therofore

L . It ~I -«1. E) ,1 - I' ",s. £., [,.,..1'; .•~ ~lo- fa. '1 1- Ef+JjSn t.,_ (12c)

. I - if- (I .. EI - [~ + ( Ita,)
This expression redr's to f")r:86ion (11e) if S and Sa. are conoiderctl

infinite and therefore = = 1.. I

I ~

If' the dimensions of either the radiator or the receiver ar-e Sr.lall
COred ruth the separation between t,he two, then the terms inclUding

~ may be ignored. Tile expression become s r-. ~.s,,·

I -I I ~.. c T4a-, 4
= .s~. L, [~Q" I - L. ~ cr To.

Precisely the same refJult i6 achieved if (1= ta.~~ and it merelY.
in~lies that reflections have been neglected. The first term in expression
(12d) represents the intensity of primary radiation J from the radiator,
absorbed by the receiver' and the second term represents the intensity of
radiation emitted by the receiver.

.,

The treatment ma-Y be extended to include the ef'fect, on the two
sl~faces, of radiation and reflections from the enclosure containil~ them,
but the resulting expressions wouLd probably prove too' cumbersome to be of'
pra.ctical use.

13. Aclcno~ledgcraents

Tables 4 end 5 have boen computed by Hr. M. J. Gree;sten of the Joint
l,.'ire Research Orgnnization and 'I'able 6 has been computed by Mr. D. 1. Lawaon ,
!i{. Sc.) H. 1. E. B., li'. Inst.p. ( Q.nd ha.s been taken from the report "Tlle Heating
of PuneLs by li'luc Pipes". 5)

Dr. J. V. Bray, B.Sc., (Eng.) of Queen Mory College, London, corrected
and completed the derivation of the expression for the configuration fnctor
for a rect~1gle (receiver perpendiculnr to it) and lrr. C. F. Fischl of the
,Joint i''ire Research Or-garri.zatLon drew the author's attention to the
vectorial property of configuration factors;

I

I
I
J

AclmoYlledgement is due to the Director of the Joint l~i.re Resear-ch
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APF2NDIX 1

Circular disc: Ilecc ivcr cn the axis

The exp re sa ion

cf --- "R.... r -"'"" L\
~f~ 0 (sec p~raGraph 8 casc 4)

'. I~ il t- Y~ .

1';" I t,,{J"'J e
I "t 1\.-a. where Y = nR

Table 1 gives values of 1 for vnrimlB values of n.
1 + n~

~!JJ.(l.2 l~ 1 2 )
\1. + j."l "

--1
n + nCo"1

0.5 0.8
0.6 0.735
0.7 0.671
0.8 0.61
0.9 0.552
1.0 0.5
1.1 0.452
1.25 0•.'390
1.5 0.308
1.75 0.216
2,0 0.2

" 2.5 0.138
3.0 0.1

" AI'P'..:NDIX 2

Circular disc receiver parallel but off' o.xis- .. -..._--

Table 2 gives vaLues of this expression for var-Lous values of n and m,

f

j
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Table

:-t.,

'~ 0 0'5 1.0 ·1'5 2·0
\

o r; 0.800 0.724 0.379 0.084- 0.022......
0.6 0.735 0.655 0.356 0.u99 0.028
0.7 0.671 0.591 0.335 0.110 0.037
o I' 0.610 0.53!~ 0.314 0.118 O.OJ~2.v
0.9 0.552 O.l..5)+ 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 0.3)/; 0.235 0.126 0.062
1.5 0.308 0.276 0.200 0.120 0.066
1. 7:.; 0.246 0.224 0.171 0.112 0.067
2.0 0.2 0.185 0.147 0.102 0.066
2 " 0.138 0.130 0.110 O.081~ 0.060-,......
5.0 0.1 0.096 0.084 0.OG9 0.053

Circular di3C: General case

. nnere Y = nR
and Z =mR

. '
\TI1ere F

1
is 'given by Table 2 (Appendix 2)

and }'2 J.S [,iven by Table 3.

It \0.11 be found that cos (3 and COs "t are almost always nego.tive
since ~ and l nrc: the. angles between the normal to the receiver and
the positive directions of the Y and Z axes respective~.

I
I
t
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< ••

~-rm I

~ I .~~___~ __.~:O 1.5 2.0

0.5 I o. ~ 71 0.296 0.157 0,,068 .
0.6 o, ~66 0.265 0.160 0.076
0.7 o. 'i55 0.238

.
0.157 0.080' ..

I •

0.8 0.14::> 0.213 0.152 " O~O84
0.9 0.130 0.191 o 145 ~', ' '0,'085..
1.0 0.116 0,171 0.137 0.086
1.1 0.104 0,153 0.129 0.085
1.25 0.088 O~ 1:30 0.116 0.082
1 c; 0.066 r , 1(V', 0.097 0,075..... -.I,. ... \,.

1't 75 0.0l~9 O,07j 0.079 0,067
2.0 0,038 0.061 0.065 0,058
2.5 0.023

I
C.OJ9 0,045 0.043

3.0 0.015 0,026 0.031 0.032

j

I

•
I
J

Recoiver

Radiator

Virm along Y a...ds

To apply the table to
gen~"al cnse illuntrated
in Figure 13 foor values
of tp are looked ·up.
for arens A, B, C and D
respectively, and summed.

-y------)

Receiving
2J?_._. e_l_e_ml_n_t_>~:t

Rect!!1al_e.: Receiver parallel•.

The expression for <:(J given in peu-e.graph 8 case 7 is in terms of the
variables Xi x2 Z Z2 and Y and cannot be easily tabulated, A table with
a. general applid.ti6n may hoy/ever be evolved by putting :Xi = Z1 :: 0 and by
mAking use of the'additive property of configuration fnctors. Figure 12
illustrates the exrunple for which a. tahle has been prepared. .

.:t~ 2 ~ 0 2
I I a

'. '
I II;' ,I

• t. ,'~
. • 1"

' .
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where S

and d.. ~

=ro.tio of height to Ylidth of ro.diator.

= area of radiator
rscpur~tion oct~ocn receiver and radintor)Z

Table 4 gives values of this expression for vario~ yo-lues of 0( and S •

Table 21- J-- {O r ~5 /i:~~"ff:1 -t-;:.y~' ~1f"JC1
((".. Ii +.~.s Jt+iS 't- , j~J

0,1

'l.1':
o.o:

J. I..,

0.('
0.(
o.c:
o. ~.).

0,0'
0.0.
0,0:
0.0'
0.0
0.0
0.0
0.0
'.U

0,0
O.G
O. (I

"",) ~ i I
----r------ [ ! -- i

1 t_~·9 0.8 0.7, I 0.6 0.5 0.4 0.3 In'" ,
Q(. ". ; I

.Li
. " '_.... - -

2.0 0.178 0.178 0.177 0.175 0.172 0.167 0.161 0.149 0.132 I \
1.0 0.139 0.138 0.137 0.136 0.133 0.129 0.123 0.113 0.099 I

0.9 0.132 0.132 0.131 0.130 0.127 0.123 0.117 0.108 0.034 I (

0.8 0.12J 0.125 O.122.- 0.122 . 0.720 0.116 0.111 0.102 0.089 I

0.7 0.117 0.116 0.116 0.115 0.112 O. 109 0.104 0.096 0.083
0.6 0.107 0.107 0.106 0.105 0.103 0.100 0.096 0.088 0.077
0.5 0.097 0.096 0.096 0.095 0.093 0.090 0.086 o.ce o 0.070

. 0.4 0.084 0.083 0.085 0.082 0.0131 0.079 0.075 0.070 0.OG2
, 0.3 0.069 0.068 0.068 0.068 0.067 0.065 0.063 0.059 0.052

0.2 0.051 0.051 0.050 0.050 0.049 0.048 0.047 0.011-5 0.040
0.1 0.028 0.028 0.028 0.028 0.028 0.028 0.027 0.026 0.024
0.09 0.026 0.026 0.026 0.026 0.025 0.025 0.025 0.024 0.022
0.08 0.023 0.023 0.023 0.023 0.023 0.023 0.022 . 0.022 0.020
0.07 0.021 0.021 0.021 0.021 0.020 0.020 0.020 0.019 0.018

: 0.06 0.018 0.018 0.018 0.018 0.018 0.017 0.017 0.017 0.016
I 0.05 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.014 0.014,

O.Oh 0.012 0.012 0.012 0.012 0.012 0.012 0.012 0.012 0.011 c,

, 0.03 U.OO9 0.009 0.009 0.009 0.009 0.009 O.J09 0.009 0.009
I 0.li2 0.006 0.v06 0.006 u.006 0.006 0.0J6 (l.oo6 0.006 0.Oj6,

0.01 0.003 0.003 0.003 o. ()U3 0.003 0.OJ3 u.003 0.003 0.003I,
i

.. ".

t

I
I
I
I
I

Radiator

~.Be. 0::' ep,. e.. U(r ~ f f!. BH0
, .

.-. eft. ~-ocr:,:",. ifF. ()HO
'. 1.•,: •. , ...

In applying the table to the
general case illustrated in

. L<1.gure 15, f our value s of
are looked tq) n.nd then

.~ 0 ,0,0
tll Recef.ver'

View alone Y axis

. L

I. ..
. r'igute 14

-- .. -)

Z.
R adiat: .. (j Z
surface I ~

Rectangle: Receiver l)!D?endicular

The expression for ef given in paragraph 8 case 8 is, IlS in the .
previous examp'Le , in t erms of the variables xi x2 Z1 Z2 and Y and cannot;
be easily tabulated. Again, a table Vii th a geflero.1 appliclltion may be made
by putting x1 =Z1 =0 as illustrated by Figure 14 and by ~aking use of the
additive (a.rrl subtro.ctive) properties of configuration f'acbor a,

~. ):.

A

,.
r

I
I
L

I
I

I
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y ('3~p8.rai;i(~n bf:{::"~t;:l :~el~('dver ':I.~1fl radiator) 2
and

wher-e S ::~.2.:-. ra'~i 'J of height t:l width or radiator
x2

Table 5 giyes values ot' this expression for various values of Q( and S .

Tablo 2 t1r(~t~ .- j; ~'~ S' ~j I!1:}
~

! I

2 1.8 1.6 1.4 1.2 1. a 0.8 0.6 b.I.. 0.2

--
4.0 0.129 0.130 0.130 0.129 0.128 O. 124- 0.119 Q.109 0.093 0.064-
2.0 0.095 0.096 0.095 O.09LI- 0.0:13 0.089 0.084 0.075 0.061 0.038
1.8 0.090 0.090 0.090 0.089 C.08? 0.084- 0.079 0.070 0.057 ·0.035
1.6 0.084- 0.084- 0.084- 0.083 0.031 0.078 0.073 0.065 0.052 0.032
1.4- 0.078 0.078 0.078 0.077 0.075 0.071 0.066 0.059 O.0~7 0.029
1• ;:! 0.071 0.071 0.070 0.069 0.067 0.064 0.059 0.052 0.042 0.025
1.0 0.063 0.062 0.062 0.061 0.059 0.056 0.052 0.045 0.0.,36 0.021
0.8 0.053 0.053 0.052 0.051 0.OJ..9 '0.047 0.01103 0.037 0.029 0.017
0,6 0.043 0.04-1 0.041 0.040 0.038 0.036 0.033 0.028 0.022 0.013
0.4 0.029 0.028 0.028 0.027 0.026 0.02JI- 0,022 0.019 0.014- 0.009 '
0.2 0,014- 0.01} 0.013 0.012 . 0.012 O.O~1 0.010 0.008 0.007 0.004]
0.18 0.012 0.012 0.011 0.011 0.010 O.0C9 0.009 0.008 0.006 0.004
0.16 0.011 ·0.011 0.010 0.009 0.008 0.008 0.. 007 0.007 0.005 0.OJ3
0.14 0.009 O. (X)9 , 0.008 0.008 0.008 0.007 0.006 0.005 0.004: 0.003
0.12 0.008 0.007 0.007 0·007 0.006 0.006 0,005 0.004- 0.003 0,002
0,10 0.006 . 0.006 0.006 0.C05 0.005 0.004 0.004- 0.003 0.003 0.002
0,08 0.005 0.004- 0.004 0.004 0.004- 0.003 0.002 0,002 0.002 O. (\/2
0.06 0.003 0.003 O.OO} 0.003 0.003 0.002 0.002 0.002 0.001 0.001
0.04- O,OO~ 0.002 0.002 0.002 0.002 0.001 0.001 0.001 0.001 0.001
0.02 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0

.'_.- __.. __J __ ..,_.____.__
JQ':!".brTt:D: 6

Cllinder

The expression

ep.t= t,An$ {* ~J1I-~; + J(;:;~r;Tt.;,;~~~-J("~~;~::~'If
I

+J... ~-I ~._ + . 111..,,- ~-I J ....._,. ,}
1\.. jll~-1 J(?ta...,)~+~~" J{-,..~.,)3..,.~;l\.'Q

I

=cose" (1;11

see paragrnph 8 case 11
+ }<~2)

I
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Table 6 gives values of l~ for various values of m nnd n

Table 6 -L{...L~f ~ .+ r'~! L ~I J"t'.5-1 ~
. rr 1\.. r;:!"- , J( l\.J._I) \. tJ'nl. J(-n,«...,p.. ~~.~

KI I -,'--
10 9 8 7 6 5 4 3 :~ I 1

I
1 0.500 0.5001 0.500 0.500 0.500 0.500 0.500 0.500 0.500 c.5~~-r~~~~o
2 0.250 t c. ~Sc~ 0.250 0.2q·9 0.24·9 0.248 0.247 0.2h5 0.238 O. ~22 O. 'f 'S:,
.3 0.167 .~;. 'i(,.J 0.16.+ O. 161f. 0.163 0.161 0.158 0.149 0.140 0.11) 8. ~ 'I:!..
1,_ O. 12!j o ''ll 0.122 0.121 0.120 0.117 0.111 0.104 0.089 o.oss ;J. OJL ' ,

.. I '~.'

:J 0.100 0.099 0.097 0.095 0.U93 0.089 0.083 0.075 0.063 o 01 5 I ' "., II .... t '•.,l ~ '.....1:.,,,\

6 0.004 0.080 0.079 0.076 0.073 0.069 o, 061~ 0.056 0.046 0.0.32 f 0,0';03
" 0.072 0.069 0.066 0.064 O.G~O 0.05S 0.050 0.043 0.035 O. ')24 I C, ()15J

a 0.063 0.060 0.057 0.054 0.050 0.045 0.040 0.03Jf. 0.028 0.019 0.010
9 0.056 0.053 0.050 0.047 0.043 0.037 0.033 u.028 0.022 0.015 0.008

JU 0.050 0.048 0.045' 0.Oh2 0.037 0.032 0.028 0.023 0.018 0.013 0.006

I·

~ "
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