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1. This report describes the work carr:.ed out by the Fire Research
Station for the Ministry of Supply under E.M,R. contract T/tex/‘IOh,/RS

The effect of the irradiated area of a material on its ignition
time has been investigated, The ignition time of an infinite area has
been predicted for various materials, Faotors to correct the ignition
times for small areas have been calculated,
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by

D, L. Simms, largaret Law, P, L. Hinkley snd R. V. Pickard

1, Introduction

‘ Waterials exposed to radiation frem, say, a burning building or
an atomic ‘explosion, will be irrediated over a much larger area than
specimens tested in the laboratory so that in order to. predict the
behaviour of these materisls on a large-scale consideration must be
given to the influence of the actual size of the irradiated area on
- the experimental resultis,

Practical considerstions limit the size. of radiation field
svailable in the laboratory and generally the higher the characteristic
temperature of ths radistion the smeller the field. Uhereas with a
1:£t square gas-fired radiant panel 1) at a temperature of 1,100% arcas o
irradistion cever 60 cm? cin be rendily obl.udned the cixrbon «x¢ source 2}
at about 4,000°% can only provide radiation over an area of order 3 cm®,
Experiments have been carried out on the ignition of various.materials
jrrediated over different areas. The size of the area ai’fects Dotn the
time to ignite and the minimum intensity at which ignition occurs,

This report deals with the problem of ignition time, Yhe meterids as lisgted
in Table 1. In all cases they were dried at 95°C and allowed to cool
over phosphorus pentoxide. _ '

. Table 1

_ieterials used, colour, thickness, Weighf/unit'area, or density

o i i P
Mgterlal ! - Colour Eeight/uniz aree | Density {Thickness
. : 2/ cm ’ g/em3 - cm
Wibre insulation % Fatural )i .
~ board o - 0.26 1025,
(Type 1) - |(Blackened '
Pibre insulation ' . !
“board Hatural - 0.27 125
(Type 2) S B |
Pilter paper’ Black 0.0098 - 0.023
.. ‘ . ;
Cotton Tabric White 0023 - 0. 040
( Natural )
Oak E g - 0. 61 1+25
Blackened
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2. Experimental method and results

Experiments were carried out using three sources of radiation,

2.1, .Radiant panel (1)

This is a gas-fired radiant’ panel 1 £t square operating at a
temperature of about 8?000. The experimental method has been described
in detail elsewhere (3 . The area irradiated with this source is over
60 cm?, A similar panel, 3 £t square, has also been used,

2.2. Tungsten filament lamp and ellipsoidal mirror (&)

Radiation from a tungsten filament lamp placed at the first focus
of an ellipsoidal mirror is converged by the mirror %o the second focus,
The intensity of radiation is uniform to within 90 per cent over an
area of 1 cm®, ‘ o

‘2.3, Carbon asrc and ellipsoidal mirror

The apparatus is described in detail elsevhere (2). The radiation
from a high intensity carbon arc lamp is focussed on the specimen by an
ellipsoidal mirror in a similar menner to that from the tungsten filament
~(lamp described above, The intensity of radiation is uniform to within
90 per cent over an 'area of 3 cm?,

2.4, IExperiments carried out

The experimentsg were designed to investigate the effect of area
irradiated on the time for spontanecus ignition of both thin and thick
materials, ‘ith the panel source the area ol fibre insulation board
irradiated was varied either by using specimens of .different sizes )
or by mesking off pert of the radiation field with asbestos wood shields
with holes of different sizes. In the experiments on filter papers which
have been carried ocut mors recently an aluminium mosk was used,

!

To investigate the effect of specimen size for a fixed area of
irrediation some experiments were carried out with the tungsten filament
lamp and carbon arc on specimens with an area larger than the area of
irradiation, Some .experiments were made with rectangular specimens in
front of the radiant panel, No difference was observed between results’
for 1 in, x 3 in, specimens with the longer side horizontal or vertical
(Fig. 13A) and results for rectengular specimens of shape factor 3 : 1
are included in this report in terms of area only, .

The range of experiments is shown in Table 2,



Lresn irrsdiated end areas-of specimens for all experimental
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Jable 2

conditions

_ Area of specimen | Area of specimen {cm2)
Ml Colour Source receiving over 90% of
' em? peak intensity
. (| 1.6, 6-5, 145 Total
25 © 58 77
.' 1 ft .
Natural 8q _ .
panel 6.5, 145, 26 0-65 to 6+5
behind shield
. : : 106, 3.6, 65 Total
Fibre insulatim 145, 26, 19 °
" board 1 £t '
Type 1 : 89 .
: . | Candleblack panel 146, 65 065 to 65
behind shield
Tungsten _
filament | 1.6, 6.5, 145, 26 1
lamp .
1 £t 1+6, 65, 26, 58
sq 19, 9.7 Total
Fibre ir.alation panel
be:xnd Patural
Type 2
3£t |26, 58, 77
8q 230, 930 Total
panel
Vatural | Carbon 1.6, 6°5, 26 3
arc ' :
Oak
Tungsten’ )
Candleblack | filament { 1.6, 65, 4.5, 26 1
I .
1% ‘
5q 39 "{1+5, 3-0, 4.5, 9.0, 18
: panel .27, 36 -
Filter paper Black
Carbon 0.8, 1.0, 4 3
arc . ) ' -
| S 1y |16, 26, 32 T
Cotton White 5 8q 52, 77 Total
o panel .




2,5, Results

The mean results of the expeériments on area are given in Figg. 1A-134
(Lippendix). These results have been correctod for absp:pt1vity(5)

2.5.1.: Effect of specimen size for given areans of irradiation

W the lamp and carbon arc sources where the irrediated ares is
lesa than the arca of the specimen the results are independent of the
size nf the specimen (Figs. 8i-104), For the shielded specimens the
”LSUlub)&rC also independent of the actual size of the specimen (Figs. 114
eand 124).

2.5,2. Effcct of irradiated arca

The time taken to ignite at any given intensity increases with -
docreasing size of irradiated area., The quantitative results can be
used $o obtain corrcction factors to apply to experimental results,

4
3. Minimum representative area and correction factor for ignition time

3,1, Ignition time for inf'inite irradiated arez

From the smooth curves drawn through the results in Figs, 14-64
the variation of time to ignite with irradiated area "A" has been found
for different intensities and by plotting 1 (the choice of 1 as
v A VL
the function is one of convenience),. against the time to ignite, the
ignition time for infinite area "4" has been found by extrapolating the
curves to intercept- the time axis vhen 1 equals zero. It has been

JE |
assumod that for large values of 4 time to ignite is independent of-
area, and the curves have therefore been dravn to intercept the time
axis at right angles. j :

The curves for black filter paper are shovm in Fig, 1, Similar
ourvegs have been obtained for natural and cendleblack {ibre insulation
board type 1, natural fibre insulation board type 2, and vwhite cotton.
The variation of the time to ignite for an infinite area with intensity
of radiation is shown in Figs. 144, 15A, for these materials.

3.2, Minimum representative aréa

From the curves of 1 against ignition time it is possible.to
v ‘ .

find the minimim areas-above which there is an error of less than

10 per cent or 20 per cent in the measured ignition time as compared

with that for an infinite area. Thcse minimum representative areas

are plotted as a function of intensity in Figs. 2 and 3, .

The minimum representative area is a r«pldly varying funetion of
intensity for intcnsitics below about 3 cal om™2 gec The results
show a very large scatter and though therc secms to be gome evidence of
systemntic differences between materials thesc-differcnces can probably
be ignored within the acouracy of thuSG experiments and correlations.,
It is assumed that above 2.5 cal cm™2 sec™L there are similarly no
differences, and the results for black filter paper are therefore
applicd to other materials for higher intensities. Above 3 cal cm™2 sgc
the minimum represcntative arca is practically constant at about 10 ¢
for a 10 per cont error and 3 cm” for a 20 per cent crror in ignition time.

-1

3.3. Correction factor for ignition time

From the graphs of 1 against ignition time the factor to'cdrrect
- .

tho time to ignite for a given areca to that for an infinitc area can be
found,
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Most of the work using the radiant panel source has been carried
out with. specimens measuring 5 e¢m x 5 cmn. The: correction necessary to
reduce these results to. those.for.an.infinite area is showm in Hig. A4
as a function of “the intensity of radiation.. The, correction factor can
probably be neglected for iﬂtensities greater than about 2 cal am~2 gec™],

The correction factor for the 1gn1t10n tlmes obtnlned using. the
carbon arc source is shown in ¥ig, 5 for, black filter paper, For ‘
intensities above about 3.cal cm™2 sec-! it -'is constant at 0.8 and it is
assured that the correctlon factor is the same for the: other mateflals
In calculating this factor it has been arbltrarlly assumed that the area
of irrsdiation of the carbon arc source is the area-in which the intensity
is over 90 per cent of the maximum value in the. centre of the field,

L, Effective area of irradiaticn of carbon arc source

As the distribution of 1nten51ty from the carbon arc source is not.'
uniform it is necessary to defing an ef-cctlve area of irradistion for
this source if the-results are to be "correlated with those for .other
sources. The intensity is uniform to within 90 per cent of the peak |
value over en area of 3 an? and the variation. in 1gn1t10n time with-

" peak intensity for specimens of black filter paper (i.e, where the
absorpt1v1ty is the same for all kinds of radiation) not less than °
'3 em“ in area is in close ‘agreement with that for specimens 3 am? in
.area recolvnng uniform radiation from the panel, Yor this type of \
'source it is probably valid, therefore to define -the effective area!
of rradlatlon as the area.receiving over 90 per cent of the peak va}ue.

4

5. Dis cu5310n o _ ) ey

It is 1nteresting to consider the origin of this -effect of the gize-
of the irradiated area, It can be estimated that for the range of v
ignition times and sizeg of irradiated area in these experiments that ‘
lateral corduction in the solid is negligible 5) Convective losses.
per unit arsa at the exposed face are not independent of linear size,
but the variation in heat loss and therefore presumably itg effect on
ignition time may be calculated to be small, The effect of area lies '
presumably in its effect on the stresm of volatiles, This would be
understandable because the mixing of the flammable gases evolved from
the surface with oxygen will depend -on the size of the volatile stream,
These questions are discussed elsewhere 66 . -

6, - Conclusions

"For a specimen of material receiving a given intensity of radiation
the time to ignite increases as the area of irradiation decreanses, the
ignition time depending un the srea livsdisted and not on the size of
the specimen. The increase in-time to ignite is greater at low

intensities of radiation and for decreasing areas of 1rrad1at10n the
‘minimm intensity at which ignition will occur incresses,

The experimental results for materials irradiated over a small
area may be corrected to predict the ignition time for an infinite -
area of material, The minimum representative area for a 20 per -cent
error has been found to be approximately constant and sbout 3 cm2. h
for intensities of radiation greater than 3 cal cm~2 sec~!, The ‘
correction factor to the ignition times of natural and blac&enéd fibre

- insulation board (types 1), black filter paper, natural fibre insulation
boerd (type 2) and vwhite cotton has been found and for the oarbom aro
source the factor is oomstant, egual to about 0,8 for injbnﬂltlﬁs cf

radiantion greater than 3 cal cm™4 sec”
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