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1~ .Some prev:i,ous notes on :f'a.o~~r.swhich a:r:r.<e>et the ignition of materia.1.s
by radiation have ment:iolled the~. ~ffeot on the minimum intensity of
radiation at whioh ignition occurred, The experimentaJ. data is summarised.
in this note and a qUaJ.itative explanation for the' effects is given in
terms of the loss in volatile oontent of the solid.
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THE MINIMlJ1l INTENSITY RlR TIlE SRlNTANEOUS IGNITION OF CELLUWSIC MA.TERIALS

by

D. L. Simms

1. ]:ntroduction

The. .sPO{lt~oU~ ':igIi;it:i,on .Oef .C::,ellUJ.os1o' lIlateria1a. by :rad:i.ation ma",. be
predicted ~ 1) by as~ing,that it ooours when the surface or for thin
materiaJ.s wl1en the aean temperature' reaches ,52,5OC. However, this temperature
must be attained within the range 1-109. seconds , otherwise ignition does not
occur- at aut Thus, althgugh theoretically there is a oritical intensity of.
radiation l21 Vlhich just raises the temperature to ,52,5OC after an in.finite
time, ignition occri.u'a only if the intensity of ir.md.ia.tion exceeds a oertain
minimum intensity and this minimum intensity varies with certain oonditions.

2. pisoussion

.A orite~n for igl)it,ion based OIl temperature negle:ots such aspects of'
ignition as ~he J.iIIrl..ted quantity of volatg~s available and the neoessity' of
forming a flammable ndzture with the air U). VolatUes a.ry produoed by a
reaction that occurs in the temperature J;egion 250 - 3,5000 ~4) so that a:to/
factor tending to de1ll.Y ignition at a given level of irradiati.on by exte:oilil:Jg
the interval between ,the teJ!lperature at Vlhioh volatiles are emitted and the
temperature at whioh they ignite, might be expected. to Lncreaee the probability
of t)leir being exhausted before :i;he temperature reaches 52,5OC.

2.1. Exhaustion of'vOlatiles

. One such f'aotor is the: size of' the 'area irra.diat~ (,5) and both the
igni;tion time and the minimum intensity increase with d~Clreasing size
(fig.' 1a-b) • Another factor is ,the moisture content (6)" and again both
ignition t;i,me and the minimum intensity 'increase with increasing moisture
content (fig. 2a-b). Another factor would be expected to be the densit"lJ
of the irradiated materiaJ., but the experimental evidenoe is insuf'fioient
to oonfirm a.rIlf iIlorease of minimum intensity, although the failure to
ignite iroko lohlorophora exoelsa) in some experiments reported earlier (2)
may be due to its !'1igh density.

Although ,the absorptivity does affect the ignition ·time (7). the ";'
IIli.n1lmmI intensity .does not appear "1:0 ohangesignifioantJ"y. A l!I8.teriaJ. with
low absorptivity absorbe little of the, incident radiatio""l until cha:tT:ing
begins, when its absorptivity and therefore the energy absorbed. incr3ases
rapidly. As chan-ing and the emission of volatiles ~ be assumed. to ocour
at or shout the same temperature, there should have been little :I.oss of
volatile before charring occurs. ,Af't/3I"I'IaZUs there is effecti~ no
difference between the bla.Okened and unblackened mater:i.a:L and corresponding
there should not be azv signif'ioant differenoes in their minimum intensities
or irradiation.

Again. although prolonged heating at high temperatures has little effeot
on. the ignition time, the minimum intensity increases (8). (fig. 3). This ill
a function of the loss. in weight of the speedmens (f:i.g~' 3~ Vlhich is largely
a loss of volatile materials but as long as the minimum quantity of volatiles
rema.in$ the ignition time is Unaffeoted. .

2.3. Fonnation of a flammable m:ixture

. . The results in Fig. '1 were obta.i.OOd in conditions in which there was an
extElrnaJ. draught of about 2,5 clm/s. Where there is no draught the ignition
time is unaltered, but the minimum intensity is raised to about 2.oalcm=2s =1 .
Ignition is known to occur f'irstin the·volat:iJ.e stream and it is presumed
the effect of the draught is simply to improve mixing with the air by
hastening the onset of tw'bulenoe.. .
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