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~intensity of radiafi n frou the gus-Tired pancl werg nsde using a water
) |

coufivuration factors

SOME R.DIATION GLRWIERISTICS OF L GiS-yIRED PisEL

by

D. L. Simas and Joan Miller

1. Introduction

A proprietary type of pas-Tired surfrce colbustion heater,
1 £t square, lias been used at the Vire Reseorch Station as a source of
radiant heatv lor meny experiinents, Particular applications have bsen
the worl: ou the ignition of waterials auid on the smnll-scrle spread of.
Tlane test,

Litile inlormation on its rudiatjoqn characterigtics is avallable
except for its spectral distribution 15‘ (iigure 1), The radiation
snectrum is close in form to that of a blacl: body, iio information on
viicther it radisted as a srey body was available,

Jhere have been Tew or no attempts to verily that Iambert's Law
holds at hish temperatures {or large radicting areas, though Barizer and
ainoshita did some worlk at lower temperatures (gf. l'evertheless there
has been a considerablsg gaocunt of work published on the celeulation of

( j which depends upon this law,

Radiunt,intenéities from the panel are not calculeted using
confi~uration factors but directly using ridioweters (4) as there is

some convective heat transfer. During the course of worll on the ignition

of materials the times talzen to ignite for different sizes o specinen
were found to be different and it was thouzht that this mi;ht be due to -

the ares of’ uniform radiation being less <than that prodictod by Lisbert's

Law or by the interfercince of convective heat effects, This paper
describes some work on the experimental determination of confisuration
factors and the wncasurenent of' the size ol uniform arecs of radiation,

2. Experimental method and results
"he aparatus used is snown in Flate I, leasuremcnts ol the

cooled thermopile with a "hwing type oyrometer (5) to monitor the
system, Variations in panel temperature during any one set o rcadings
were corrccted by adjusting the gus flow so that the pyrometeér recding
was constant, -

Yhe radiant nanel was switched on and alloved to reach equilibrium;
the pyromcter reading was then constant, The distribution of radiant
intensity on the horizontal planc through the normal axis a’ the panel

. was first mcasured (figure 2), fThree of these positions were then

;

explored in the vertical plane as well, Figure 3, The distribution of
intensity along tlie central axis perpendicular to the face ol the panel
was then measured using different settings of the pyromcter (iipurc 4).
The apparatus was theu reaoved and ¢ nointer placed in position along

the coentral axis, 4 perallel beam of light was then throwm across the

systom ond an image of the convection currents obtained on a screen
{(IMgure 5). vhe edre of the arca in which convection currents occur is
shownm in Figure 6, '

3. Discussion of results ' o

3.1, Confipuration factor .
“Yhe cqnfigUration_f?CSOr ¢ of a aqﬁaré radictor at any point may
be canputed from tables \&/, Sy \

.
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The 1ntenan.ty of' radiastion I received by an element from the .
oanel is g:wen by the well-knovm expression | T
3 I = 8‘,50(”1""‘1")
o
i

where ©

is a conutant for any given panel setting,
expression  1/g

Eanel
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The value ol
calculated

obeys the configuration Tactor laws, in Table 1
is ziven for the threc sets of readings talzen.

]
Value ol

is the enissivity of the radiator

the absolute temperature ol tlwe radiator
T, the absolute temperaturc of the enclosure,
I has beea measured and the velue of $ nay be
‘The ratlo /(;5 is then given as = € ¢ e - Tol“). This

‘The constancy of %
is therefore a weasure of how nearly the gas fired
"the voalue of

Table 1

I/¢ as a f‘unction of position frou tie ra.diant panel

Distance of. " Pyrometer reading - 115 mv
centrel axis off—--sc=scsmeiecen e e e e e it e o i ¢ e e e
Mz;ilz’::zil- in| Distance -from vanel - in,

R e s ......_,...._.--.,--.'...... o p—— s B = - ————— e e s e
. 47 6 7.. 8 ;9 10 11 12 15 18 2L 30
H:l__.-.,-.--...L.r.m.V-,m-mlh‘-w.4‘---“.-,“mg,; ........ ..P-....+.--.~».;_;,,-.;..,__--,.

0 11207 | 1203 112:6112.0 [12.0 | 12.3 [ 12:3 | 12.4 '11.5 1046 | 11.1 | 11.9
1 127 {12+3 - T - - 1122 - | 127 - - - 111.9
2 12-7 120‘3 - - - 1200 - 1207 - - ) ~
3 . 12:7 | 12.5 - - - 122 -] 12l - -l 12.9
L 125 [12.7 | = | <l -9 ~j125| - - -| -
5 1246 1 12.4 - - - |11.9 -~ 112:5.1- . - - ~]12¢3%
o 6 11.5 {11.5 | - - - {12+2 - {12.7 - - - -
--——---——o"odL-—--a ----.-JL-—.“--.—-.--—---—-..J{--.—.-al—-.---.'.. »-...—.-_-l)—t ........ P S
- - - - R 4 A S RN G SR S BN S S W SR G W W & e e e . --\\“ A S — S ——
Ry‘ronoter rt,ading - 1415 mv
~Distance of O st
ceniral axis of]
panel Distance i‘ron panel - 6 in,
hOriiOntal' irlo ""*‘“T"--——- --'-—-"- --------- [P B B S S) Mt 1 U S g o
S -6 | <5 . <k | =2 30_ 1 31 4| 5.4 6
™ - -.W - ____-J'_ - - - I,_,__ . B N a2t I
-6 1205 | 12:6 ] 12+3 - - - - - -
-5 12.2 112:2 |12.5 12:6 | 13+3 | 150 | 16+8 | 175 | 18.8 | 18+9
-4 12.2 {11.3 | 12.5 - - Cwl - - -
-3 14+9 1 12.2 }12+4 | 12.5 ] 13.2 15-2 16+6 {18.1 | 20.1 | 23.7
- -2 117 [ 12.0 - - - - -
% -1 116 | 11+9 |12.0 j12.1 | 131 | 14 7 165 |16-7 | 16+1.| 22.0
- 0 11.5 [ 11.5 114.9 [12.3 { 12+8 11;-4 1645 | 17+6 | 199 | 20.1
1 11.-6 11.8 - - - - - - -
- 2 1151 119 |12+1 1 12.3 1 12.9 11,.-5 17+5 {182 | 206 | 21.1
- 3 1.7 [ 119 | - -1 -1 - - - -
N 1106 [ 120 [ 1202 [ 12:6 | 1341 | 14451 1609 | 18+6 | 22+L | 22-1
5 11'1{- 11'6 had - - - - - - -~
6 1.1 01401 §141.6 | 121 112,61 13.5 ]| 15.1 | 16-0 | 18.9 | 18-8
l . ' ) o
S .- e - SIPE I S




Pyrometer

reading Rt n dens "—1'---.----..
- b 6

T
0°85 8:77| .65
105 1.2 (10-6
1.15 [ 12.7 ;12.3
1-25 11399 1 15
1.35 1542 | 1427

o

T 8

Be72 i 8el42
10-9 !10-6
12.6 112.0
1346 1304
1[;.'3 1).}.‘6

b
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Table i (contd,)

Dintenee {'ron panel - in,

T g 07 1oz | oas a2
' ~—em -,?,-’,..-..,—....J:-.--. J ]:. -....-,; .

© 8471 855 845 | B3] 835 | 8.7 8.5

£10.6 :10.7 110.6 {10.8 {10:3 [10.6 {10.5

11200 14203 )23 1204 §11.5 | 1106 11141

{134 11304 i 13.4 - 112:9 }13.3 |i2:9 [12:9

145 114-5 [ 1420 ;m-oJ. ihe3 AT 13

i i - —

! Por the first and third set of

" horizontal plane, in rr‘afble
pyrometer readings is suf
due to loéel irregularities iu the radiant surface of the ponel,

O

~its owvn and the plane at infinity,
of radiation to within 90 per cent over ral nrue

4

“

the constancy of

fliciently good {or any

With thez second set of readlngs in Table 1,

a vertical plane, the ratio

of the plane,
part of
in Figure 6,

3.2,

the plane Tollow the

Ly

patiern cf

_ It 1s safe to conclude therciors
not break down but that near to the panel the radiant heat is sunplemented
by convected heat from the spent gas and air of the panel,

Size_of

uﬂ 1.1. OTTil

drea.

......

178

for anv set of

readings, i. c thoge in the central

slicht deviation to be

i,e. those toiten in

is constant onlv in the lover
The deviations Iron constanCJ whidch occur in. the
the coinvection currents

that

portion
upper
nanped

the cosine lawr deocs

The radiation from a perfect panel vould bz unifora in two plencs,

Por practicel purposes,

is

surficiont,

Figure 2, the intensity of radiation is uniform over about 3 inches
either side of

plane,

the central axis o
At 8 inches away {rom the panel the

unilornity
rram

on

the nanel in the horizontal centrnl
conweetion currents heve

disanpearcd from the vertical planc and an equal height, 6 1nchuu, is

uniformly irradiated,

“idthin 8 in,

o the panel the heirhy of unii'orm

‘irrediance may be as little as 3 inches due to convection currents, but

total arca ol uniform. irradiance is wlweys grecter than 9 scu

4.

Conclusioc

ns -

urre inches,

+

The transfer of heat to a point by this proprietary typo pas=-{ired

panel obcys the configuration Tactor laws vherc the tron

J
BiC

r 1is

solcly

radiative but necar the panel there is suvplementary heating by convection
of an approximately cqual amount {rom hot g-s,

therefore show that, Lambert's cosins law may bc applied vo:

These (qurlmentu

radiator of

this type and that tm intensity distribution may be c.LlculatccA cway Trom

the convective heating zone from the configuration factors,

The radiation

is uniform in intensity over an arza-of zcbout 9 snuare incheés close to the

panel;
dlstance.

5.

Figure 6 Was obtained by P.
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