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"i'h0 I icar,,'llxed, -distribution of intcllsit;y" from a prol)rietury tYiJe
of 'gas-f'ired:>unel has been fouad to ar,ree closely \lith the dis'oribution
calculated ltsin£ Lat.1bert' 6 cosine l.a\!. ~ ,lrc::,x ·~o the' I.JR.i"iel convec;t'iv8'
heat,iil8; lliodifies this oonclusion, =d a T.lap of, t;,c coi1vection currei1ts
is given. 'l'i,earea parallel to the 'pla~1e of the )nnel over which the
heatin," is ,uniform to within 90 ,per cent is never less tlll',n 9 sq. in.
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by

D~ L~ SinUIls and Joan MiII e r

A propr'ietaz:j' type of' tas-fired surf'r.oe combuat.i.on heater,
1 ft s0.u~~e, l~s been used ax the Pire llcs~0rch St~~ion as n source of
radiant heat for many exper-Imenta, Pn.rticulnr applications have been
the \lork Oi.1 t he 'ignition of' materials and on the swul-sc..-.le spr-ead of'.
f'Larae test.

Lit'~le iuf'ormation on its radiatt'0\1 characteristics is ~'..Vaib,ble

except for its spectral dis'~ribution 1) (l"igure 1). The rv.diation
specbrum is,'close in f'orm to that of a blacl: body. 110 infOrlilation on
\ihcther it radiated as a .:.:,:reJ' body wns available.

I '!:ilere have been fC\~ or no attempts to veri:.:"'~r thnt Lambert t s Law
heIda ut hi;'3h teJntxlratures i'or large radiLtiTIg( ~C:'l,O, '~hou,zh ::k'\rj:er [I.'1d
~dnoshita did some work at lower ter.1l~er;;.tures 2). lever-theLecs there
has been a considerably )ilount of vork published on the cnlculation of
conf'~~'>urntion factors \3 Hroch depends upon this law.

Radiant, intensities from t he panel are not caLcu l at ed usin:::;
confi~"uration factors but directl.1r using rr.d.iome tez-a (4) as there Ls
aone convective heat tr:ll1sfcr. D.1rinr; the course of vor'; on 'i;lle icnition
or materials the times t<ll:en to ignite for different sizes of' ape cauen "
vere found, to be different and it \ms thought th..'\t this rd:~;ht be due to '
~he ar-ea 01' uniform radiation bc.ing lesa ''':Ul.n thn:t p r-c c-;'i:../";c.;':; i)y Ltu':tbcrt I s
IJI.)xr or by the interference of convectLve heat effects. 'rma paper
describes some' work on the expez-Lnerrt a.L determination of conf'i:,uration
factors and the ucaeur-enerrc oi' the size o~· undf'orm areca of radi.&~liion.

'i'he H )paratus used is shown in Plate I. JlcasurC;~tCll'l;S of' the
. inten~>ity of r<1.dill."t;iC(n f'r-ou the gus-fired panel ~{Cr9 uade using n \"later

cooled bhermopd.Le (,4; "lith a fl'hiliil~~ tYl)e ,pyrometcr t5) to monitor the
system. Variations in panel temperature during any one set of readings
were corrected ,by adjustii1g the l~;~s flow so that the pYroliletEh~ ret-.ding
was conatarrt ,' , '

r-

••

'l'h~ r-adi.arrt )ai.10l was s'Il"itched on and al Lov.ed to r-each equilibriul":'I;
.the pyrometer rCRdinr; \/M then constant. '.£'he distribution of'r«.diunt
intensity on the horizontal ~lanc through the normal r..xis d' the pm101
vas first racasur-ed (Pigure 2). Three of' those positions vcr-o chen
explored in the vertical plnne as welli Fieure 3. The distribution of
drrtcnai.ty along the' central axis perpendicular to the face of' the panel

'. wns. then measur-ed using 'dirferent settings of the pyrOlfictcr (~:Iic;urc 4).
The apparatus was then r-ei.ioved and Co pointer placed in poaation a.Long

. the central axis. 1\ 'i?CIallcl beam Of light w.:.s then thrown across the
s~rstelil and an "imagc of the convection currents obtained on a screen
(li'icure 5). 'l'he CO[P of' tl10 area in vhi.ch convection currents occur is
shorln in Figure 6.

. .
3. piactissio!:! .9f...E~,:t~!~.

'!.rho configuratiol1.f~ctor ¢. of a square radiator at any point may
be conputed from tables.~2). \

\
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'l'he intensity' of radiation I received by an element from the
::nmel is giv~n by the wel L-known ex~)re8sion

.•. , c is the eui~sivity o~ the rac1~a","orwne.re

. I.i.' the absolute bemper-atu:ce 0: th::~ radiator

'1' the absolute temper-atur-e o~"l the enclosure.0

'Hie value of I has been measured and the vc.Lue of if>' may be
ca'lcu.Lrited , . '..I."h0 'rati,? Ij¢ .is tron giycn as . e o ('l.'+ - To4). This
is a conatarrt for uny given ~xlI1el setting. .'1'he constancy of "~he .
exp~t.::ss~ion I/¢ is therefore a measur-e or how nearly the gas fired
~anel obeys the configuration factor Laws, in <.lable 1 . the vo.lue of
/cp is.:;iven .ror the three sets of readings ta1::en.

,
. CD '![I~~e of Ij¢ as a func.tion o~ posLt i.on fr<;>lil tile radiant panel

....---...._-----.-- ...._---_._-------- ---------- .. _----_..... __ .... _---_ .... .-.-_ ..._--_ ... ----- ---_ .•_..
Distance of·

centre:l axis' of
panel'

~rizontal~ in.
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; . I

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

~. ~-·r-·~-T--~i. ·r-:~-·-'1· .-;- ~ ~-1 0·'

'.. ' i r. I·· .
I-- ----••._ •• *.. - ..-. . _.+- .-' *.,... _- --t.,.·..-:.. -

o ' 12.7 12'3112.6'12.0112.0 12·3
1 12.7 12·31 . - - :12·2
2 12·7 12·,3 I - 12·0
3 12·7 12.5 12'2
4 12·5 12·7 - 11·9
5 12·6 12~4- 11.9

CIt' 6 , 11 •5 .11 •.5! .'- 12· 2
~ __ ._. ..•.__ J._ •• _ .1 L .. '..

.--- --- -._ -.-.~._.- .. -.----r··"·· -

12.3 12• .1;. 1'11.5 10·6 11·1 11.9
- 12·7· -' - 11·9
~ 12·7 - . -

. ..: I 12·4 '. - -

. _\12. 5
-, 12· 5.. .-
- 12· 7' -

-_ .....~ ~"' ..-..--~ ...
\

\

16'0 18'9 18·8

.-...- ..------r.---..:.-..----. ----. _.- .----~----------; ....-----_.--------
. .... . .' \\, .

. tYr0r.1o ter rending - 1· 15 mv .
Dista.nce of

~ _._ _ _-_ - -::-- .. _._-- - - -----'. ---_. -<_. ----------
'central axis 0::: . -.;. . . .' ,

panel Distance from panel - 6 in.

hor1zontal- in. --------.-..•----.---...:.....---~--.-.---- ---- ·.---~--··l. I"

'. -6-1-5 .l -4 I -2 . o 1 3 4 5 . 6

>-~~t -~~ I:id~i~- 12'6-~~'3 ·~:~~·~6~8- ~~~;- ~~~~- .. .
-4 12·2 t11. 3 1'2· 5 . ~.
-3 14·9 12·2 12°4 12·5 13·2 15·2 16°6 1801 20.1 23.7
-2 11'7 12.0
-1 11·6 11·9 12.0 1201 1'3.1 1407 16'5 16'7 ~6·1- 22·0
o 11'5 11·5 11°9 12·3 12·8 14·4 16.5 17·6 19·9 20.1
1 11·6 11.8
2., 11"5 11.9' 12·1 12·3 12'9 14'5 17'5 18·2 20·6 21.1
3 11'7 11'9
4 11.612'012.212.6 13. 1 14·516·918·622·422'1
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For the first rold tlurd set of readin~~ i.e. those in the central
hordzorrt a'l plane. in Table 1 the constancy of' rj¢ for any ae t of
pyrometer roadings is suf~~iciently ['ood for any sli~ht dev.i.a t i.on to be
due :to local irregularities Lu the r-adi an't sur-f'ace of the :K'.11cl.

-Iiith the second set of readings in 'l';~ble 1, i. e. th6se tr.l:en in
a vertical plane•.the ratio Ij~~ is cons t arrt onIy in the \lmicr por-tLon
of the plane. 'rhe deviations fro,.l constancy \,ldch occur i~. the upper

( .
par-t of the plune follo\l the pattern ci' tho convection cur-rerrto mapped
in l~gure 6." It is safe to conclude therc:oro t~t the cosine larr uoc~

not break down but that near 'i;o the paneL, the radiant heat ir.> tU~Jpl0.1:1ented

by convected heat from tho spent gas and air of the panel. .

The radiation from a perfect iJane1 wou Ld be unifon.l in tHO p Lanuc ,
its own and the plane flt infinit~r. ::"01' practicn.l purposec , uni~'Orl,lity

of radiation to .lithin 90 per cent over- .....n .....r;.A~ it; :~Ul'fic..i.;~llt. Fr'':');l
Pieure 2. the intensity of ruclintion is un if'orm over about 3 Lnchc e on
ei tOOl' side of the central axis 0;" the panef in the horizontal c errt r-n.L
plane. At 8 inches a\lay from the pane.L the convection curr-eut s heve
dd sappearod from the vertical pIanc and an equal hei[;ht, 6 Lnchcs , is
unif'orrrdy Lrr'adfatcd, ':'ithin 8 in. of the paneI bhc hei~'~M of' urtif'orta
"irre.diancc may be as little 0.5 3 Lnchcs due t o convection current.s , but
total area 0 ..' uniform. iIT~:dianc[; is z.Lways grec,tcl' thu':l 9 sr~ur.rc Lncliea.

l'he transfer of heat to a po irrt by this proprietD.r'lJ type GGs-i'ircd
paneI obeys the conf'Lguz-at.Lon :iactor' lmm '\"Iherc the t rr.r.ai'e r is :301cly
radiative but ncar the panel there is aupp.lemontary heatine by convcctdon
of an L~")proxili1ately equal amount-. ::::'rom hot S,-.s. 'i'heso (~~:periJncnt5

therefore S~O\{ that, Larllbe1't's cosd.ne 18JI mDJ be app.l i.ed to: c. radiator of
this type and that the intensity distribution lnuy be c~lculatcd ~1'lay from
the convective heating zone from the . configuration f'act.or-s , 'l'hc radiation
is un.if'orm in intensity aver an ar::::a:?f about 9 s~uare Inches close to the
panel; 'beyond 8 inches the size of' t ho ar-ea incrc~c3 rapidly \/ith
dis tance • . r'

Pigurc 6{r,as obtained by P. L. !~rilclcy and lLiss P. C. Cheshire.

1. Roberts. A. L. rind Long. H. li'irst report on radiant heatinc,
GRa 15/5 Gaf! Resear-ch Board, London, 1948.
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