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'1:HE EJ."J!'TIJJT m' SIZE OF lllihDL~TED AREA ON THE SFOHV1TEOUS IGNITIOn OJ? i.i:Ci.'illL\.LS

PliliT 1: THE illi'iB:.;'l' 011 IGHr,nON TmE

by

D. L. Simms, Hargaret, Law, P. L. Hinkley and R. W. Pickard

1. L"1Gr9duction

Liaterials exposed to radiation from, say, a burning building or
an'atomice::plosion, will be irraJiated over a much larger area than
specimens tested in the laboratory so that in order to predict the
behaviour of these materials on a large-scale consideration must be
given to the influence of the actual size of the irradiated area on
the experimental results.

Practical considerations limit the size, of radiation field
cwuilable'in the laboratory and generally the higher the cll3.racteristic
temperature of the radiation the sma+ler the field. \fuereas with a
10ft square gas-fired radiant panel \ 1) at a temperature of 1, 1000]( arqas ct'
ir'l'ndif:\tioa ever: 60 Ci11~ u~:1 be r-ead i Iy LJbt,'.illCC[ '~ho crz-bon ,'.rc S\.llU"CO &2)
at about 4;OOOO]~ can only provide radiation over an area of order 3 em •
Experiments have been carried out on the ignition of various,"~terials
irre.diated over different areas. The size of the area~")fccts both '(;ho
time to ignite and the minimum intensity at which ignition occurs.
'i'his report deals with the problem of ignition tiJ'1e. '1\18' mccer1ls 3['8 lis'~cd
in Table 1. In all cases 'they were dried at 950C and allowed to cool
over phosphorus pentoxide. '

Table 1

j~.terials used, colour, thiclroess, weight/unit area, or density

..~. --_._--_..
i i 'De~sity IThiCkneSSMaterial I ' Colour f" . ht/ '~ ar'ea]

I
::e~g uru, 'yom g/em3 ' I' em,--- ,.-

lj'ibre insulation I~ Natural ~board 0.26 l' 25.
, ..-

(Type 1) ( nlac1ceried

Fibre insulation
.. I

I

'board Natural - I o:'+;_(Type 2)

Filter paper' Black 0·0098 - 0·023

-
Cotton fabric White 0·023 I - 0·040

I

I
-

, I I( Nc.tural ) I ,
I Oak

~Blackened~
0.61

I - l' 25

, ; ,- .-

•

•
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2. Experimental method and results

Experiments were carried out using three sources cif radiation.

2.1 .. Radiant panel (1)

This is a gas-fired radiant' pan~l 1 ft square operating at .0.

+'emperature of about 800oe. 1'he experimental method has been described
in detail elsewhere (3). The area irradiated ..lith this source is over
60 cm2• A simiiar panel, 3 ft squar~, has also been used.

2.2. Tungsten filament lamp and ellipsoidal mirror (4)

Radiation frOTil a tungsten filament lamp placed at the ffrst focus
of an ellipsoidal mirror is converged by the mirror to the second focus.
The intensit20f radiation is uniform to within 90 per cent over an
area of 1 em •. ,

2.4. Experiments carried out

The experiments were designed· to investigate the effect of area
irradiated on the time for spontaneous ignition..of both thin and thick
materials. \1ith the panel source the area of fibre insulation board
irradiated Vias varied either by using specimens of.different sizes
or by masking off part of the radiation field with asbestos wood shields
with holes of different sizes. In the experiments on filter papers which
have been carried out more recently an alwninium mask ..ms used.

To investigate the effect of' specimen. size for a fixed area of
irradiation some experiments were carried out ..lith 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 rectangular specimens of shape factor 3 :1
are included in this report in terms of area only.

'rhe range of experiments is shown in Table 2.

,­
I

I
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~'able 2

1.re';;3 irradiated end areas, of specimens for all experimental conditions

r-'-'--' I -I
. I I

,

I I sxe»: of specimen Area of' specimen (cm2)
?-.~~~.~, (:,.(, ::"::J.:L I Colour I Source receiving over 90% of

I cm2 peale intensity

..-._---, f-' I

( 1. 6, 6'5, 14· 5 Total

. !I 25 58 77
1 ft .

Natural sq
panel 6·5, 14' 5, 26 0·65 ,to 6'5

behind shield

-.
1· 6, 3. 6, 6-5 Total

Fibre insulatia 14' 5, 26, 19 .
. board 1 ft 1--Type 1 '-'

sq
Candlobla.ck : panel 1· 6 6'5 ,0· 65 to 6'5,

~,
behind shield

-
~'ungsten

f'ilaJnent 1.6, 6'5, 14' 5, 26 1

1-----
lamp

~
,

i I,
I 1 ft 1·6 6'5, 26,I ,

~
19, 9·7 Total

llibre i" ""latior panel -l~ ".' .-

bcc xd Hatural
Type 2 --

3 ft 26, 58, 77
" sq 230, 930 Total

panel
; ,

j,

Natural Carbon 1· 6 6' 5, ' 26 . 3, ,
arc

Oale I
Tungsten' •

i
! Candleblack filament 1.6, 6'5, 14· 5, 26 .. 1
I . lamp
I .. I

1 ft ~.o, 4-', 9·0,
I

sq 39 18 !
panel. 27, 36 . "

Filter,paper Black ,

I I

./

I
Carbon 0.8, 1. 0, 4 3I

j
arc .

_i
I

!
i

-l
Vfhite

1 ft
sq

panel
Total
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2.5. Results

TtG m~~n results of the experinlcnts on area are given in Figs. 111.-1311.
(A;Jpendix). These results have been corrected for absorptivity(5). '

2.5.1., Effect of specimen size for given~as of irradiation

''''''~' ';he lamp and carbon are sources where the irradiated area is
lessr.h.'\H the area of the apeodrnen the results are independent of the
sj,zc 'Jf the s pecimen (Figs. aA-101~). For the shielded s pecdmens the'
z-osul.cs arc also independent of the actual size of' the specimen (Figs. 1lA
a,..ad 1211.).

2.5.2. Effect of irradiated area

The time taken to ignite at any
decreasing size of irradiated area.
used to obtain correction factors to

given intensity increases ~~th

The quantitative results can be
apply to experimental results.

J

3. Minimum representative are~.nnd correction factor for ignition time

3.1. Ignition tLme for infinite irradiated are~

,

.
•i

From the
the varia tioll
for different

smooth curves drawn through the .z-caul.ts in Figs. lA-6A
of time to ignite with irradiated area "A" has been found
intensities and by plotting~ (the choice of 1 as '

.FA .IT',
the funotion is one ,,?f convena.ence}, against the time to ignite, the
ignition time for infinite area "1." has been found by extrapolating the
curves to interoept,the time axis when 1 equals zero. It has been

'. f......·. \ A
assumed that for large values of A time to i~ite is independent of'
area, and the curves have therefore been drawn to intercept the time
axis at right angles.

~[he curves for black filter paper are shown in Fig. 1. Similar
curves have been obtained for natural and c~ndleblack fibre insulation
board type 1, natural fibre insulation board ty pe 2, and white cotton.
The variation of tho time to'ignite, for an infinite area with intensity
of radia tion is shown in Figs. 141., 15A, for thes e rmt erie.ls.

3.2. ~linimum represen~'\tive area

From the curves of 1 against ignition time it is possible,to.r;:
find the minimum areas' above which there is an error of less than
10 per cent or 20 per cent in the measured ignition time as oompared
with that for an infinite area. These minimum representative areas
are plotted as ~ ~unction of intensity in Figs. 2 and 3.

Tho minimum representative area is a rapidly varying function of
intensity fo~,intensities below about 3 cal cm-2 sec-1• The results
show a very large scatter and though there seems to be some evidenoe of
system.'\tio differenoes be~veen materials these'differences can probably
bc ignored within the accuracy of these 'experiments and correlations.
It is assumed that above 2.5 cal cm-2'seo-1 there are similarly no
differences, v~d the results for black filter paper are therefore
npplied to other materials for higher'intensities. Above 3 cal cm-2 seo-1

the minimum re pres onba tivc area ;is practic~lly oonstant a t about 10 o~
for a 10 per cent crror and 3 cmf for a 20 per cent error in ignition time.

3.3. Correction factor for ignition time

From the graphs of 1 against ignition time the factor to' correct
,/7:"

thu time to ignite for a given ar-ea to that for an infinite area,oan be
found.

\
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Most of the work using the radiant pane.L source-bas been carried
out 'with ,specimens measuring 5 em x 5 ,an. The' correction necessary to
reduce these results to "those , for_oaIl..infinite' area, is shown in ~'ig. 4
as 'a function of 'the intensity of radiation., The, correction factor can
probably be neglected for inten~ities greater than about 2 cal em-2 sec- 1•

The correction factor for the ignition times obtained using, the
carbon arc source is sho,m in~ig. 5 for,black filter paper. F~ ,
intensities above about 3,cal cm-2 sec-1 it 'is constant at 0.8 ana it is
asSUITed that the correctiou'factor'is'the same for the'other materials.
In oe.Lcuf.atzing ,this factor it has been arbitraril,y assumed that t~e area
of irrD/iia'~ion'of the carbon arc sour-ce :is the area 'in which the intensity
is over 90 per cent of the ,maximum value in the, centre of the field.

4. Effective area of irradiation of 'carbon arc sour9!::.

As the'distribution of intensity from the carbon arc source is'not
uniform it is necessary to define an 'effective area of irradiation for
this source if' the "results are to be .'correlated with those for .cther
sour-ces , The intensity is uniform to' within 90 per cent of the peak
value over an area of 3 cm2 and the variation, in ignition time with'

, peak intensity f~r specimens of black filter paper (i. e. wher-e the , "
'absorptivity is the same for all kinds of ra4iation) not less than '

, 3, cm2 in area is in cfosetagr-eemerrtvdth that for specimens 3 cm2 in
"ar-ea receaving uniform radiation from the panel. b'or this ,type of \
'source it is probably valid, therefore, to d~fine ,the effective area;
of irradiation as the area ,receiving 'over 90 per 'cent of the pe~( value.

,5. Discussion
,

" 1,
It is' interesting to consider the origin of this 'effect of' the size'

of the irradiated area. It can be estimated that for the 'range of' \'
ignition times and sizes of irradiated area i1) these experiments that
lateraloorrluction in the solid is negligible ~5). Convective losses, ,
per unit area at the exposed face arc not independent of linear size,
but the variation in heat loss and therefore presumably its effect on
ignition time may be calculated to be small. The effect of area lies
presumably in its effect on the strewn of volatiles. This would be
understandable because the mixing of the :flammable gases evolved from
the surface with oxygen will depend 'on tlA size of the volatile streWn.
These questions are discussed elsewhere ~6).

6. Conclusions

"For a specimen of matcrial receiving a given intensity of radiation
the time to ignite increases,as the area of irradiation decreases, the
ignition time dependang on th" e.r-eu l:J.'.-o.il:lo.tod 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 ir.r~.diation the

minimum intensity at which ignition will occur increases,'

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 about 3 em2, '
for intensities of radiation greater than 3 cal cm-2 sec- 1• The
correction factor to the ignition times of natural and blacl(ened fib;e
insulation board (types 1), black filter paper, natural fibre insulation

board (type 2) and '!hite cotton has been found and for the oor:xm az-o
ecurce the factor is oonstant, equal to about 0.8 for intensities of
radia tion gran tor, than 3 eul cm-2 soc-1
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