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SUMMARY

A photometric method is described which enables a
speedy exploration of configuration factors to be made.
The method cen also be.used to solve the roverse problem
of finding the posmtlons with respect to a radlator at
which there is a given configuration factor., - Whereas
the method can be epplied more easily to two-dimensional —
. sources of radiation, it can also be applied to many
three-dimensional radiators,

INTRODUCTION
It'is frequently necessary to calculate the radiation faliing '

“onto a receiving surface in the neighbourhood of a radiator
maintained at some given temperature. Calculations of this type
oceur in furnace design, illumination engineering.,radiant heating
end 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 may be performed
mcchanlcally with &n aocuracy of a few per cent.

‘The inuen51uy of radiation at the surface of a “black body" at
. a temperature T °4 1s given by .

I=om™ 1)

where " is the-Stefan~Boltzmann constant (1.37 x 10"120al/cm?/sec/°ch)-
-The -intensity of rediation.falling on a receiver at any distance from
- the radiator,. not.only depends on the tcmperature of the radiating area,
but is also & function of the size of the radiator, and the distance
and orientation of the receiving element with respect to it. Thus the
intensity of radiation at any point with respect to the radiator can be
expressed as .

Iy =po T

U where ;ﬁ is the configuration factor which may vary between O and 1,
_ vhich takes into account the geometry of the problem., When the recelver
L " is clesﬁ to the radiator the configuration factor is unity giving
L I = o-T%, and when the receiver is at a great distance from the radiztom
90 will have a value tending to zero,.

The 1ntegra1 for ‘the configuration factor (Appendlx 1) is given in
most books-cn heat transfer, The problem does not lend itself well io
mathematical treatment in'any but the simple cases, examples ?5 which
have bee? 7orked out mathematically by Barker’ and Kinoshita (

McGuire and -some other workers, The numerical’ integratss§ can be

replaced by a graphical pr?c ure first mentioned by Herman ,» by an

optical projection method %) or by a mechanieal integrator All
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these methods depend on the comparison of two arecas to give the configuration
faoctor, and the whole procedure must be repeated for each determination of

> 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 desoribed in this paper can be used to solve this problem and
gives a speedy method of making a complete exploration of the configuration
factor with regpeot to a radiator. 1In its present form the apparatus can
oenly solve problems in whioch the radiating surface ls two-dimensional or can
be approximated to a two-dimensional equiwvalent surface.

PRINCIPLES OF THE METHOD AND APPARATUS

Since heat and light are propagated according to the same laws, then if a
surface radiating heat is replaced by one radiating light under similar
conditions, a photocell detector placed close to the surface of the radiator
will give a reading representing .~ T4 in the heat problem (Equation 1).

When placed in the position simil&r to that of the receiving element it will
give a reading reduced by the factor ¢ , the configuration factor. Since
the configuration factor is a pure number, the linear dimensions of the
radiator can be scaled by any factor providing the distance 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 photographic paper and covered with a diffusing
layer of material is pasted on to the transparent plastic screen which is
uniformly illuminated from behind. The inside of section A is painted white
to give a high reflectivity. The radiating area is uniformly illuminated and
the light radiation from it obeys Lembert's Cosine Iaw, The inside of
section B is painted black to prevent reflected light from falling on the
calibrated barrier layer photocell, The cell, with a sensitive area of
sbout 1 am? , is used in conjunction with a galvanometer to measure the light
intensity., If the intcnsity of the light source can be maintained constant,
for instance by incorporating a constant voltage transformer, a calibrated
soale can be fitted to the galvanometer to indicate the confipguration factor
directly. Thus when the photocell is placed close to the radiating area the
canfiguration factor will be unity, and when placed in the position of the
receeiving element, the configuration factor can be read directly from the
scale,

Having set up the model of the radiating area, the configuration factor
can be quiakly found at any position with respect to the radiator by merely
placing the photocell in that position and reading off the oonfiguratn.on
faotor on the scale, An idea of the laboriocus computation which is required
to solve even the simple case of a receiver on the axis of a rectangle can be
seen from the expression for the configuration factor ¢i_n (Fig.2) which shows
the accuracy of the methed ocutlined in this paper., The wvalues of
configumtion factor near to the radiator given by the photometric method arc
lower than the calculated walues, This is not illustrated well by Fig.2
since for small values of distance the curve is ill-oonditicned with respect
to the (f: axis. The reason for the low walues is that the cell receiving
11lumination at a large angle of incidence gives a response lower than the
correct value, which should be proportional to the cosine of the angle of
incidence. The deviation from the theoretical response 1s commonly known as
the "cosine error" of the cell, and a simple method of correcting this error
has recently been described by Pleijel and Longmore ? With. this
modification to the photocell the values of conflgurat:i.on foctor near to the
radiator could be found with the same eccuracy as those some distance from
the radiator.

APPLICATION OF THE H'IOTOMETRIG METHOD TO PROBIETIS OF TOTAL HEAT
TRANSFER BY RADIA TION

Problcms in fumeace design and panel heat:.ng as well as many others,
often roquire a knowledge of the total heat transfer betweon two finite
bedies, and not the amount of heat falling on & small element from a finite
source, . In this case the configuration factor of the whole receiving
element with respeot to the radiator is required. This is known as the
integrated or mean configuration factor, L, and ean be obtained from the

#



L&

v/

. -3-
expression for- @ in Appendix I by integration over the arca Ay
If we consider it as the mean configuration factor, that is to say
the mean of the values of configuration factor for elements
distributed all over the area Ajy,then it can be expressed as

& “ _’._/ ,[ cosQicosfh ga A,
A [ ] St

2
A close approximation can be mede 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 trensfer of heat from several surfaces.
It is useful to remember in these cases that configuration factors

can be added and subtrected and the configuration factor can thus de
found separately for each surface, the totel configuration factor being
given by the sum of the values. -

A solution of particular cascs in which the radiator is threee-
dimensional, can be obtained using the photometric method, since it
is the contour of a surfece and not the form which determines the
value of £ . Thus the surface of a radiator may be replaced by
an equivalent surface provided the engular cover &t the receiver
is the same. This can be easily seen by considering the oonfiguretion
factor of a spherc at a distance x (Fig.3).

The value of £ at a point distant x from the centre of thé
sphere centred on 0, would be identical with the value for the disc
AB at & distance y, or the 1lisc CD at a dlstance 2.

CONCLUSIONS

The photometric method of determining configuration factors
degcribed in this paper is particularly useful if the configuration
factor at meny positions with respect to a rediator 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 configuretion factor, The
authors know of no other method of solving this problem for any but
the simplest cases.
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APPENDIX I

The intensity of radiation at any point with respect to a radiator
can be expressed as : '

I-g .ot ' (1) )

where @ is the configuration factor.

The fundamental expression for @ can be deduced from Fig.4.

If 4 and 29 are the angles made by the normals to 49 and Ag and
dwp is the solid angle subtended by the receiving element dA2 at the

radiator, then the energy falling on an element of the receiver in unit
time is

dAlC:._-“_'{-'E cos B4 dwy

i
and since awy = dAocog (2

the energy falling on dA; in unit time from the element dAy of the radiator
is i _ '

4 o
£cT” dAy costy dAg cos tla
7 ' X )

Considering this as the intensity of radiation at dAg from the whole radiator

B EQ'T4'_ f cos B, ocos & 2 1A,
o x4
S Y,
Comparing this with (1) the expreasion for @ becames

¢ S (\ coSs 91 00392 AA .
T x2 o
' - r:/
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FIG. 2. CONFIGURATION FACTOR AT VARIOUS DISTANCES
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FIG. 3. CONFIGURATION FACTOR OF SPHERE AND
EQUIVALENT RADIATING SURFACES

FIG.4. THE TRANSMISSION OF RADIATION BETWEEN
TWO SURFACES At& Az





