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I WWECT OF ABSORFTIVITY O THE IGNITION OF MATERIALS BY RADIATION

by

b. L, Simms, Margaret Law and P. L, linkley

1. Introduction

5

In order to correlate the ienition tine of wmaterials with the
intensily of radiclion wad wich their phycoicel propertices, the

absorptivity of the surince must be movm (1).

‘Hormally the absorptivity

is considered as a constent for ang material and a given radiation source,
but in problems of ignition the colour of the irradiated surlace may
change during the course of exposure and an empiricael absorption lactor

which i3 independent of exposure time cannot be {ound,

describes exporiments carried out to measure the absorptivity of
irradiatcd materials and shows how the effects of various intensity
levels may be taken into .account. '

his paper

Experimsntc were carried out using three sources of radiation of
difleoant colovy temperatures on the materials listed in Table 1,
increazc the ahrorptivity of the woods to unity some specimens were

To

C) coated with cavbton black, The filter, blotting papers and cotton were
chtained dved, b '
Table 1
HAaterials teated
Wt/ Density Source of
Type ol ignition Material unit area | (oven dry )l Colour radiation
: o/ cm g/ cmd
Fibre insulation [ 0-30 0-24  |llatural and Panel
board candle black ! Carbon arc
o Oak 0042 0-66 Natural and Carbon arc
(quercus sp. ) candle black | Tungsten lamp
Mahogany - Q33 0:52 llatural and Carbon arc
(khaya ivorensis) candle black |
ilestern red cedar| 0-23 | 037 Natural and | Carbon arc
. (thuja plicata) : . candle black
Spontanecus
) Filter paper 0-01 - 0.53 VY/hite and Carbon arc
blaclk
0.023 Q- 66 White Panel
.Cotton e Carbon arc
0-026 055 Black - | lungsten lamp
Blbtting paper 0.031 043 Ythite, gréen Carbon arc
aind yellow
Pilot~ Fibre insulation 0.30 - 0. 24 'Natural and | Tungsten lamp
board ' candle black .
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2. Txperiments and results

Oven-dry specimens were exposed to radiation and the time to
ignite was noted, each valuc b g?g the meon of six readings, A Jew
experimonts on pilot ignition 2) were mede with a sparl § in. gbove
and § in, away from the exposed area of the surface of tho specimen,

"he three sources of radiation and the methods of exposing the
Fpecimenz have been described in detail elsewhere (3), &), (5),

2.1. Radiant pancl source (3)

]

The radiant panel, 1,1009K, . hich bums a gas/vir mixture is 1 £t
square and gives uniform radistion over an nrea 60 cm?,

The intensity of radiation was varied by altering the distance of
the specimen {rom the panel, :

2.2, Tangeton filament lamp source (&)

Ty Tidaacnt of the 1,000 watt lamp is ot the first focus of & front ~
silvered ollipscidal mirror and radiation is reflected by the mirror

to the spouiesn placed at the second focus, The specimen receives

pnifern radiation over an area 1 em®, The intensity of radiation may

be wiried by edjusting the power input, For the range of intensities

over wirioh ignition occurs the colour temperature of the filament

ranges frem 2,400%K to 3,000°K, and essuming that the colour temperature

is proportional to the black body temperature, the wavelength for pealk
intenzity ranges from 1.%/44 to ;//AL'. This change in colour

tomperaturc mekes little change in absorption factor,

2.3, Gorbon arc source (5)

]

The carbon arc is also at the first focus of an ellipsoidal mirror
and the specimen at the second focus receives substantially uniform
radiation over an area 3 cm?, The intensity of radiation may be varied
by a venetian blind shutter.

2,4, Results

The ignition times for the different materials for different radiant
intensities are given in iigs., 1A to 3A, Appendix., Ior any ignition
time the intensity to produce ignition is less for the blaclkened than the
unblackened material, The minimum intensity for ignition is the same or
slightly higher for unblackened specimens,

3, Discussion of results

The ratio of the intensity to ignite a blackened material (Ig) to
the intensity to ignite the unblackened material (Iyp) is given in
Migs, 1, 3, &4 for different ignition times. This ratic is the effective
absorption factor for the unblackened material and increases with
ignition time reaching a steady value for the longer times, It is
thought that the rise in the ratio with exposure time is a reflection
‘of the relatively longer period of irradiation in the charred i,e, blacl:
condition at low intensities of irradiation., If the surface of a specimen
reaches the charring temperature after exposure time T, and the ignition
temperature alter a further time T2 then the ratio T will be larger

for low rates of heating primarily as a result of surface cooling, As

T .
-2 inoreases the mean absorptivity increascs,
T1 : K .
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The intensity to ignite whitc and yellow blotting paper is compearced
with the intensity to ipnite green blotting paper in Wig, 2. In the
absonce of black bletting paper the absorptivitics are.only given relative
to grcen blotting poper, The ratio IB - for cotton and {ilter paper

FUr:)
doan not vary so merkedly with ignition time as tho ratio for tho woods,
Tho elfechive absorption factars obtsined ;rom thie constant parts of the
curvas are given in Tekle 2,

. Table 2

F“"nctlvc abgorption factors for different matorials

sbhterial - Source of radiation Tine to ignite | Absorption

2} factor

Hatural mahogany Carbon arc lamp : Over 10 0-95
" cedoy : Over 7 0-85
" 2ok oy _ Over 10 0-7
White cotion ' Over 3 03
liaisural fibireboard Panel S Over 15 10
White cotton ’ ’ Over 15 1.0
Matural oak Tungsten lamp - © Over 15 0.6

! ‘ i I R

The variation of absorptivity with wavelength has been measured
dlrcctlj over the wsvelength range Ok ¢ 4to 3.4 .7¢for natural fibre
nsulation board, mahogany and oak at the Wational Physical Laboratory,
th absorption ;notors for the three sources of radiation have been
calculated for this wavelength ronge and oxre given in Table 3,

Table 3

Absorption factors for natural woods

Absorption factor
Material -
1,100% - . 3,0009%K Carbon arc
black body " black body source
Fibre insulation 0. 61 0-33 - 0.35
board ' :
Qalc 0-71 . 0-45 ‘ G- 40
¥ahogany - O« &L ' 0. 41 046

One would expect that as the ignition time approeched zero the
ratio IB/ would tend to a’ value equal or slightly greater than

the calculatcd values plven in Table 3, the extent of the excess being
dependent on the relative magnitudes of the heating necessary to
produce charring and to produce ignition, Unfortunately it has not
been pos31blo to obtain velues of IB for very shorit ignition times,

but it does appecr possible to extrapglabe the curves to values at
zero ignition time which are in reasonable agreement with those in
Table 3 except that for fibreboard with the panel source (curve 1,
Fig, 3) the 1imitin% value exceeds the caleulated value by abtout O-2
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- It has been observed that the minimum intensity for some of the
unblackenad or white specimens is slightly higher than for blackened
specimens of the same kind and it may be that in the process of charring
the volatiles become exhausted,

L. GConclusions

"o enpariments show that the effcctive absorption varies with the
exponure time by s wmuch as 60 per cent., As the ignition time increases
the eflfective absorption {actor reaches a constant value and estimates
of this have becn obtained for oven dry fibre insulation board, oak,
mahogany, cedar, white filter paper and vhite cotton, ’
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