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SUMMARY

A photometric method is described which enables a
speedy exploration of configuration factors to be made.
The method can also be .Used to solve the reverse problem
of finding the positions with respect to a radiator at
which there is a given configuration factor. . Whereas
the method can be applied more easily to two-dimensional
sources of radiation, it can also be applied to many
three-dimensional radiators. .
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It :is frequently necessary to calculate the radiation fall:ing .
onto areeeiving surface in the neighbourhood of a radiator' .
maintained at some given temperature. Calculations of this type
occur' in furnace design, ill1llllL'1at.ion engineering ,radiant heati.:.Jg
and studies on the growth of fire. These are often very tedious
to carry out and- the purpose of the present publication is .to .
outline a simple·:method whereby the calculations cay be performed
mechanically>'l'iitl1. an accuracy of a few per cent.

The intensiJ.;y of'radia'tion at the surface of a "blo.ck body" not·
a temperE~.ture TOA is given by

I=v~' (1)

wher-e &' is' the 'Stefan-Boltzmann con~'l;ant (1 0 37 x 10';'12cal/cm2/sec/oc4)•
.The·intensity of radiation.falling on a receivcr at any distance from
the radiator,.not.only depends on the temperature of the radiating area,
but is also a function of the size of the radiator, and the distance
and orientation of the l~ceiving elenent with respect to it. Thus t~e

intensity of radiation at 8..'1Y point wH~ respect to the radiator' can be
expressed as' ..

. Ii =,p ~- or4

where .;6 is the configuration factor which may vary between 0 and 1 ,
~hich takes into aocount tae geometry of the pr~blem. When the recelvur
is cliisll. to the radiator the oonfiguration factor is unity giVing
I = o-.~;4-;· and when the receive.r is at a great distance from the racLi9:co",",
ep wil:!:..have~ valUe. tending to zero.•.

The :Ul'tegral for :the configuration factor (Appendix Ij is g:"13n in
most books· on heat tr8nsfer. The problem does not lend itself well to
mathematical treatment in'any but the sim.Ple cases, examples(~f whioh
have-,bee~2worked O\1t mat):lematicallyby Barker' and'Kinoshita ),
McGU1re \ ) ·and ·some other workers. The numerical'1ntegrattQ1 can be
rep~aced by a ~aphical pr9C~iIre first mentioned. by Herman ) , by an
opt~cal projechon method. t4) or by a mechanioal Ultegrator 5. All
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these methods depend on the oomparison of two a.reas to give the oonfigurotion
faotor, and the whole procedure must be repeated for each detennmation of
j) at different positions with respect to the same radiator. By none of

these methods is it possible to do the reverse problem i.e. to find at what
position with respect to a radiator there is a given configuration factor.
The method de soribed in this' paper can be used to solve this preblem arid
gives a speedy method of making a complete exploration of the configurt'ltion
faotor with respeot to a radiator. In its present fonn the apparatus can
only solve problems in whioh the radiating surfaoe is two-dimensional or oan
bo approximated to a two-dimensional equivalent surface.

PRINCIPLES OF THE METHOD AND APPARATUS '

Sinoe heat and light are propagated aooording to the same laws, then if a
surface radiating heat is replaced by one radiating light under similar
oonditions, a photocell detector placed .close to the surfaoe of the re.diator
will give a reading representing c: T4 in the heat problem (Equation 1).
When placed in the position similar to that of the reoeiving clement it will
give a reading reduced by the factor <:t' , the configuration factor. Sinoe
the oonfiguration faotor is a pure number, the linear dimensione of the
radiator can be scaled by any factor providing the distanoe of the receiver
is scaled by the same factor.

An apparatus exploiting this analogy is shown in Fig.l. A model of the
radiating area cut out of black photographio paper and oovered with a diffusing
layur of material is paa ted on to the tz-ansparent plastic screen which is
unifonnly illuminated fran behind. The inside of section A is painted white
to give a high refleotivity. The radiating area is uniformly illuminated and
the light radiation from it obeys Iilmbert's Cosine ww. The inside of
section B is painted black to prevent reflected light from falling on the
calibrated barrier layer photocell. The oell, with a sensitive area of
about 1 orr!2, is used in conjunction with a galvanometer to measure the light
intensity. If the intensity of the light source can be maintained constant,
for instanoe by inoorporating a constant voltage transfoI'IOOr, a calibrated
soale can be fitted 'to the galvanometer to indicate the configuration factor
directly. Thus when the photooell is plaoed close to the radiating area the
configuration faotor will be unity, and when placed in the position of the
receiving element, the configuration fRctor can be read directly from the
scale.

Having set up the model of the radiating area, the configuration factor
can be quiokly found at any position with respeot to the radiator by merely
placing the photocell in thnt position arid reading off the configuration
factor on the scale. An idea of the laborious computation which is required
to solve even the simple case of a receiver on the axis of a rectangle oan be
seen from the expression for the configuration faotor,¢in (Fig.2) which shOl'/B
the accuracy of the method outlined in this paper. The values of
configuration faotor near to the radiator given by the photometric method are
lower thc'Ul the calculated values. This is .noe illUstrated well by Fig.2
since fOr small values of distance the curve is ill-oonditioned with respeot
to the ¢ axis. The reason for the low values is that the oell reoeiving
illum~tion at a large angle of inoidenoe gives a response lower than the
correct value, which should be proportional to the oosine of the angle of
incidenoe. The deviation from the theoretical response is canmonly known as
the "cosine error" of the oell, and a simple method 9f)00rreoting this error
has recently been described, by Pleijel and Longmore l6,. With this
modifioation to the photocell the values of configuration faotor near to the
radiator could be found with the same acctira()y as those aome distanoe from
the radiator. '

APPLICATION OF THE PHOTOMETRIC METHOD TO PROBLEIIS OF TOTAL HEAT
TRANSFER BY RADIt.TION "

~ -...

•

•

•

•
Problems in fuxnace des ign and panel- hea'ting as well os many others,

often require a knowledge of the total heat 'transfer between' two finite .,-
bodies, and no't the' amount of heat falling on a small element from a finite
source., III this case the configumtion faotor of' the whole 'receiving
element with respect to tht3 radiator is re$ired. This is known as the
integrated or mean configuration factor, rJ.; , and can be obtained from the,
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expression for ¢ in Appendix I by integration over the area At..
If we ccnsddez- it as the mean configuration factor, that is to say
the mean of the values of configuration factor for elements
distributed all wer the area A;l1 then it can be expressed 6.S

., j r
- I·I .

A~-rj ( .L
1\, A)

A close approximation can be made for the mean configuration
factor ( ¢ )of a large receiving surface by taking the configuration
factor, ¢ , at a few points on it in suitable positions with the
photocell and taking the average of these values•

Many problems involve the transfer of heat from sevoral surfaces.
It is useful to remember in these cases that configura.tion factors
can be added and subtraoted and the configura.tion fa.ctor can thus be
found separately for each surface, the tota.l configuration factor being
given by t~e sum of the values.

A solution of particular cases in which the radiator is three­
dimensional, can be obtained using the photometric method, since it
1s the contour of a. surface and not the form which determines the
value of ¢ • Thus the surface of a radiator rrJa3 be replaced by
on equivalent surface provided the angular cover a.t the receiver
is the same. This can be easily seen by considering the oonfiguration
factor of a sphere at a. distance x (Fig.3).

The value of ¢ at a point distant x from the centre of the
sphere centred on 0, would be identical with the value for the disc
AB at a distance y, or the \isc CD at a distance z.

CONCLUSIONS

The photometric method of determining configuration factors
described in this paper is particularly useful if the configuration
fo.ctor at many positions with respect to a radiator is to be found.
It is also possible by this method to find at what position with
respect to a radiator there is a given configuration" factor. The
authors know of no other rn.ethCld of solVing this problem for e:ny but
tho simplest cases•
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APH:NDIX I

The intensity of radiation at any point with respect to a radiator
oan be expressed as

(1) •

where It is the oonfiguration faotor.

The fundam:mtal expression for It can be deduced from Fig.4.

If 01 andf)2 are the .angf.ea made by the nonnals to A1 and A2 and
dW2 is the solid angle sub tended by the receiving element dA2 at the
radiator, then the energy falling on an element of the reoeiver in unit
time is

and since

the energy falling on ~ in unit time from the element dAt of the radiator
is

Considering this as the intensity of, radiation at ill\;l from the ,whole radiato!'
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_oos 81, cos e 2 :lA,
X2
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Oompaz-irig this with (1) the expres~ion for 16 becomes
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FIG. 2. CONFIGURATION FACTOR AT VARIOU~, DISTANCES
ALONG AXIS OF RECTANGULAR SOUR.CE HAVING

DIMENSIONS 6X9·14 ARBITRARY UNITS
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FIG. 3. CONFIGURATION FACTOR OF SPHERE AND

EQUIVALENT RADIATING SUP-FACES

FIG.4. THE TRANSMISSION OF R.ADIATION BETWEEN

TWO SURFACES A &- A
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