PN Y e e e m e BSRe FOC

roonmy proproe T SE R

Lo il d Blded Lt e, \oncamar T;ON(()E_;
REFEMGNCE LIBRARY 72 o
Nefoare Mwat ~: F.B, Note No.496/1962

DEPARTMENT OF SCIENTIFIC AND INDUSTRIAL RESEARCH AND FIRE OFFICES' COMMITTEE
JOINT FIRE RESEARCH ORGANIZATTION

This report has not been published and
should be considered as confidential advance
informetion. No reference should be made to
it in any publication without the written
consent of the Director, Fire Research
Station, Boreham Wood, Herts. ({Telephone:
ELStres 1341 and 17975.

ON THE PILOT IGNITION OF WOOD BY RADIATION
by
D. L. Simms

Summary

Results on the pilot ignition of wood by radiation may be correlated
using simple heat transfer theory .from: a different effective threshold
surface temperature for each different position of the pilot flame. The
correlations are not complete because a small variation between densities
remains and the behaviour of fibre insulation board is anomaslous, probably
because self-heating is significant under some experimental conditions.
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ON THE PILOT IGNITION OF WOQD §¥ RADIATION
by
D. L. Simms
Introduction

In an earlier paper( 2 an attempt was made to correlate experimental
results on the pilot ignition of thick wocd‘ by radiation and an empirical
relation was derived of the form

SN - 6 6
(I bl Io)t3 = 0.'025 X 10 (KPC =68 x 10 ) .-oo..p-g-p('i)
where I is the intensity of irradiation

I is the oritical intensity of radiation at which ignition
is theoretically just pessible

t 1a the {gmition time |
K 1s the thermal canduotivity
e the density
and ¢ the,specifioc heat of the wood ”

A similar empiricel relation was also obtained for spontanecus ignition(1)
It has since proved possible to correlate, the results for apontaneaus ignition
in terms of a slmple heat transfer theony( vhich leads to

(Tcnr('ﬁ;' =p¢-7;:r (I-__e:f”2 erfep) vernenenen(2)

where‘éb is the surface temperature at ignition

H the corresponding Newtonian cooling coefficient

k = —-(I-f—, the thermal diffisivity '

g= L [KF

o e o f e

To obtein this correlation the irradiated’material was assumed to be
opaque, totally sbsarbing and inert; it was assumed to ignite when the surface
reached a fixed temperature, there being no significant temperature rise of the
rear surface. A correction to the experimental results was applied to allow
for the effect of the finite size of the specimens irradiatéd.®®

Pilot ignitién‘ocburs when a flammable mixture og volatiles and air reaches
the pilot flame. Thg_ignition time has been found( to depend on the position

®4 thick wood is’ one in which there is no signiflcant temperature rise of the rear

®¥The size of the.irradiated ares affects the ignltlon time: +the smaller the area
irradiated and the lower the intensity of irradiastion, the longer the speciden
takes to ignize' Values of the correction required for spontansous ignition
are available(5) but none for pilot ignition have béen published. What "
information there is, suggests that the effect is smaller than for spontaneous |

ignition. \
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of the pilot flame, so there must be variations in concentration within the
volatile stream. The value of the surface temperature at ignition, 4., in a
correlation of thé type given by equation (2) will thérefore vary with the
position of the pilot flame.

Experimental resulta

~ Two ser%es (1) and {2) of experimental results are aveilable. In series (1)
three w qgcda were subjeoted to a range of levels of radiation from Q04025 =~ 1.5
cel cm 5 from a ges fired rediant panel in the presende of & burning gas flame of
length 1. 25 cm, placed 0.62 cm, 1.25 cm, and 1.9 cm in front of the surface of the
specimen, with the tip of the flame level with the surface (fig 1a),and the
ignition times noted. The properties of the materials used in this series of
experiments are given in table 1.

TABLE 1

Thermal properties of woods tested in series (1)

X
o ot |

Wood cal om -8 1 deg C & g/en®  cal gn” deg ¢!
5
x10
Fibre insulation board 8.8 0.25 0.3
Columbian Pine (Taxifdlia _
pseudosuga) %0 0.5 T 0.3
Oak {Quercus spp) L0 C.7 0. 3l

In series (2) a number of woods ranging in density from 0.25 to 0.7 g/cm5
were ignited in a similar way by radistion in the presenge of a similar pilot
flame but placed 1.25 cm above, and in front of, the specimen surface (fig. lb).
The thermal properties of the woods tested are given in table 2,

TABLE 2

Thermal properties of woods tested in series (2)

Wood cal cr:r—";'\;s_'1 deg ¢! gﬁim’ cal gm—? deg €
x1 -
Fibre insulating board 8.5 0.2, 0u3%
Western red cedar :

(Thuja plicata) 21 . 0.36 0. 3k
American whitewcod

(Liriodendron tulipifera) 28 0.47 0434
Af'ricen mahogany ’ -

(Khaya ivarensis) 32 0.56 0. 34
Freljo (Cordis goeldiana) 33 0.58 0.3
Oak 2Quercus robur) 35 Q.61 0434
Irok {Chlorophora excelsa) L1 0e72 " 0. 34

All specimens were,1.9 cm thick*, except for the fibre insulation board
which was 1.25 cm thick and were cut 5 cm square,,so thet the faces were
parallel with the grain. They were dried for 24 hkurs in an oven at 9500 and,
af'ter drying, they were allowed to cool over phosphorous pentoxide. The
densities were obtained from the volumes and weights when oven-dry. These
samples were all in the naturel state (unblackened) but the reflectivity of
their surface for infra-red radiation is low, and although wood is partl{ %ia
thermenous the effect of this is undoubtedly small in prbsent conditions
that the surfaces may be assumed to have an absorpiivity’ of unity without
introducing e significent error.

. ®There is no significant temperatufe rlse of the rear surface under the
conditions of these experiments(2) (A€ 6110)



Correlation of Data N
The results for any one position of the pilot'flame hegve been correlated
in. terms of the dimensionless groups of equation (2). When the cooling modulus
Ht tends to zero, equation (2) becomes

IteF __\9_%_71'—'- sesscsscserie (3)

Hence from values of the energy modulus, -—T-JEE-—- » for small values of the
cooling modulus, & first approximation to P "{B@F 8y may be obtained and
an appropriate value chosen for that temperature range for the Newtonian cooling
constant, H. The value of ©p is then adjusted to give the best fit between the
experimental points and equation (2).

The results for series 1 for the different positions of the pilot flame are
shown in Figs (2-4), and tend to follow a similar pattern. The values of @F
giving the best fit are 300°C for the pilot flame at 0.62 cm, 380°C at 1.25 cm
and 4109C for the 1.9 cm.. The results for oak tend to lie below the thesoretical
curve, those for columbian pine appear above the curve, whilst these for fibre
insulating board tend to be above the llne for low values of the cooling modulus
and below it for high values. The combined results are plotted in Fig.5 where
the same pattern is repeated, but the effect of the different positions aof the
pilot flame has been elimineted by using the best fitting values of surface
temperature corresponding to each position of the flame in the energy modulus.

The results for seriea 2 for a wide range of densitles are correlated in
Fig.6 with a surface temperature of 34,00C. The effect of density has not been
entirely eliminated as the less dense woods tend to be above and the denser below
the theoretical curve. This may be because the rate of production of wvolatiles
is not & unique function of the temperature but depends on a number of other
physical and chemicel constants including the density itself. No similar effect
was f ound with spontaneocus ignition(3)- The surface temperature at ignition is
then higher, sbout 5250C, the rate of production of wvolatiles 1s much higher and
therefore less critically important. For pilot ignition, the behaviour of fibre
insulating board is anomalous. At the lower intensities (high values of _ Ht )
the results leave the curve completely and the material continues ta fquE-
ignite at intensities of irradiastion well below the critical intensity of”
the woods(l) (0.35’ca1 cn~2 s=1) and ignition has resulted at intensities of
radiation below 0.1 cal cmr2 s~l. This suggests that at the higher rates of
heating the production of volatiles cccurs at roughly the same rates as for wood
but that at lower rates there may be significant self-heating(5s7). In some .
previous experimenta(a) when fibre insulating board was irradiated at an intensity .
of about 0,35 cal cm—2 s~l significant quantities of heat were liberated. '

Critlical intemsity for pilet ignition

The critical intensity of irradiation at which ignition is theoretically just
pessible is, in effect the rate at which heat is lost from the surface at the
temperature calculated(l), i.e.

Io = Hep ' berenensenana. (&)

Because this temperature has been found to increase with increasing distance
of the pilot flame from the surface it would be expected that the critical
intensity, I,;, would also increase, but the method deyeloped earlier(l), viz, of
plotting I egainst I/ and extrapolating to the abscissa,t is equal to
zero, does not appear to be sufficiently sensitive to detect these differences(3).
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From the effective temperatures calculated the critical intensity might
be expected to vary from about 0.25, to 0.33 cal cw™2 s~1 for the different
positions, being about the same for the different species.

The minimum intensity at which ignition cccurs is higher than the
critical intensity: this is because the estimate of criticel intemsity
neglects the fact that the supply of volatiles is limited. Any factor
tending to prolong the period between the surfece reaching the temperature
.at which volatiles are emitted and the surface reaching that at which
ignition takes place,tends to increase the poaalbility of the volatile
supply being exhdusted and mey increase the minimum intensity required for
ignition. Such factors include the size of ares irradiated, the moisture
content and the density. The minimum intensity for spontaneous ignition
may be shown(2) to vary with the first two, but insufficient experimental
evidence was available for examining the effec? P density on the exhaustion

of the veolatiles. In the present experiments 13, the increase in minimm
intensity flor pllot ignition with density - excluding fibre insulating
board -~ is significant, and is shown in Fig.7 for the woods given in Table 2
with the pilot flames as in Fig.lb.

Discusaion and conclusions

It is possible to correlate results for the ignition by radiation of
different woods at verious positions of the pilot flame in terms of simple
heat transfer theory. There is, however, some residusl variation in the
results for different density and the behaviour of fibre insulating board ia
anomaléus. At the higher intensities of radiation (0.4 cal ew2 s~1), its
behaviour is not dissimilar from the other woods, but at lower intensities,
it lgnites sconer than would be expected from the correlation and it
continues to lgnite at intensities of radietion well below the critical
intensities of the other woods, which appear to be independent of species
but dependent upan the position of pilot flems. A possible reason for the
anomalous behaviour of fibre lnsulation board is that there is significant
self'-heating.

The critical intensities for the ignition of these seven woods (excluding
fibre insulating board) have an average value close to 0.3 cal cm~2 s~1. This
value has been used as the maximum permissible radistion level for buildings
exposed to fire.
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