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by
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The time taken to ignite wood by a given intensity of
irradiation increases with i_.nclrcusing moisture cont;::nt.
These times have been measured over a range of intensities
and moisture contonts for woods of different densities, An

" empiriocal relation has been developed using a theoretical

" model whioh prediots these inoraased times satisfactorily..
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THE EFFECT OF MOISTURE CONTENT ON THE SPONTANEQUS IGNITION
’ OF WOOD BY RADIATION

o by . |
P. H. Thomas, D. L, Simms and Margaret Law

1, Introduction

In previous work(1) on the ignition of wood, oven dried specimens were
used, although normally wood contains water, partly bound, partly free, in
emounts depending upon the relative humidity and temperature of the atmosphere.
This paper doscribes experiments on the effect of different moisturo contents
on the spontaneous ignition of wood by radiation,

2. gxperimehtalAprqpoduzp and _results

: The woods examined arc listed in Table I. They were used in thicknesses

" of + in. or more and thesc bchave in the conditions of these experiments as if
they were infinitely thick. Specimens 2 in. square were cut so that the faces
were parallel with the grain. ~ The densities of the woods were cobtained from
the volume and the weight when oven-dry. The variation in density of the
specimens for each type of wood was of the order of 15 per cent.. The difforent
levels of moisture content werc obtained by storing the specimens over saturated
solutions of various salts until equilibrium conditions had been reached.

o TABLE I

Moisture content and densities of woods uscd

Moisture content - per centage | Mecan density
of oven dry weight . g/em 3
Co (oven ary)
Fibre insulation board 5.0 | 7.5 | 11.5 { 15.0 | 28.0 0.24
Waestern red cedar (thuja plicata) | 5.0 | 7.5 | 10.5 | 13.5°| 17.0 0.37
Columbian plne (pseudosuga . '
taxifolia) 5.0 | 8.5 ! 10.5 | 14.5 |.19.0 0.55
African mahogany (khaya ivorensis) { 5.5 | 9.5 | 12.0 | 15.5 | 21,0 0.52
L?ak (quercus sp.) 45 1 9.5 111.5 | 15.5 i 19.5 0.66
1

The experimental procedure was the same as that described in detail elsewhere(1).

The source of radiation was a 1 foot sguare gas—flred radiant panel with a
maximun radiant intensity of 3 cal am~Zsec™! (12 w/cm?). The specimen under
test was moved rapidly into place in front of the radiant panel and the time
to ignite was mecasured. The results are shown in Figures 1 ='5; the individual
points are the mean of six readings, the ¥a§iatipn between samples being of the
.same order as that for oven-dried samples Certain results, in particular
those for 14.5 per cent moisture content in Columbian Pine appear to be anomalous
(see Figure 3).  Although not measured, the height and.thickness of the flames
were obscrved to decrease with increasing moisture content. When tho spccimens
were removed from the radiztion they dld not oontlnue to.bum, o

5. Effcct of moisture in the ;gp1tion p cess

There are two main stages in the hcatlng of momst wood to the ignition
point., In the first stage, the surface is heated to about 100°C, the thermal
constants are thosc relating to moist wood. "In the second stage, the surfacc
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is heated to the ignition point whilst behind the surface region the water is
evaporated. In addition, migration of moisture and the presence of water
vapour in the volatiles emitted and other physical and chemical changes may
affect the time taken to ignite. A complete analysis of the effect of moisture
on the ignition-process would, therefore, be exceedingly complex.

3.1 Increase in time taken to ignite

An approximatc expression for the increcase in time taken to ignite may be
derived by considering two effects only; the increase in the value of the
thermal constants and the latent hcat. These are assumed to act independently.
It is also assumed that the thermal constants are unchanged throughout the
heating period. As wood dries, these valucs decrease and after 100%C reduce
to about thosc of dry wood. No-information is available on the variation
after chemical changes occur, but the approximations made will overestimate
the effect on the time taken to ignite. Thus if t is the time taken. to
ignite moist wood as measured experimentally and tm' is the nypothetical time
necessary to raise wood to the ignition temperature discounting the latent heat
effect then it is assumed that

Itm =- Itm' ‘+‘Q ll'.l.lll“I.......l.‘.I..l.l...l!l(1)
where I is the intensity of irradiation
and Q is the latent heat required.

- The temperauure rise 69 of an irradiated semi-infinite solid, neglectlng
D heat losses, is given by (2)

%ﬁ?ien‘c ‘2ch€(2)
where t is the time of heating : ' '
k = (5}%' the thermal diffusivity
;t.' . and K is the thexrmal conductivity
. (O the density -

c | the sp601flc heat of the wood
and ierfc'u' = U/Ajzo(v/r -'x

At the surface x = 0, equation (2) reduces to

s ‘
69 NE KVDC L )

v - Neglecting heat losses will underestimate the heat required for ignition aend
- ) " thus compensate for the effect of the thexmal constants,

If it is assumed that for a given intensity the surface temperature at
. . ignition is independent of moisture content then, in the absence of latent heat,
' the time to ignite-depends on Krbc and

U : o .69 - 21 to . 21
, : T KoﬂoCO' ﬁ

. where the suffix o refers to oven dry conditions.

A tq ..............-....'......'................(3)

Thus ' tm' =.

where A = Km/Qmcm
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If the depth: of wood heated above 100X is /), then the heat required to

- evaporate the moisture in this depth is glvcn by Dm{)o , where l_is the

latent heat of ..tc.a“,

Q= Bompel e ()

The temperature at the surface when ignition occurs is approximately ‘_‘pOOQC:('3 )
and as a Tirul order approximation A\ is asswwd te be given by the equation
ror divy wood, by solving eyuulion (2) for the following conditions,

when' % = .th - 6 = -500 ,y ux = .0

9. 100, x =4

This leads to

D2 1.9 Eo o
w -

. . from cquation (3)

JARUCR kaAto

Substltut:mg f‘or A:m equation dh)

e | Q = . ‘qumpom

andheﬁce Ith = Ity +1. 9meo kp A to

and substltuting for t;' from equation (5)

t = At B‘E o-oa-nnoac.ooo.o..oo-o.oa..ocon.5
1 o * I-Q | (%)

where B = 1 9[_m(bl

Ffrom the cxporimental values of to it is therefore poss:l.ble to estimate
t, and these are comparcd with the obscrved values in Figure 6; therc is
rcasonablc agreement between them.  Although the scatter is qu.ite large,
the calculated values are in the middle of the range of measured values.and
in tho range of thecsc experimonts the measured values do not appear to differ
from the calculated onaes in any systematic way,

3.2 The effect of moisture on the cﬁtiqal end minimum intensities fog'
ignition

If it is assumed that ignition' ocours at a given surfaco temperature -

“at least at long times of‘ irradiation ‘= the intensity corr? gonchng to this

suxrface tcmperature) ; the critical mtenslty)ls given b

Io .a I(‘I - %}W

where t is the time to ignite at an 1ntcnsltngrcator than I,. This
oquation 1s only true to the extent that the surface temperature for ignition
tends to a constant value at long times. Ig is obtained graphically from the
intereept of a graph of I against T/ . In these cxperiments there is no
evidence that I, obtained in this is dependent on moisturc content, a -
rcsult which 4s consistont with the view thnt aftor a long time of hcating

the wood is dry.

In practice, howover, if ignition does not occur within a cortain tims
it does not ocowr at all, prcsmnably as a result of certain changes oocurring
in the wood leading to a reduction in the quantity of volatiles. There is
thus a miniLmm intensity for ignition to occur which is greater than the
theorctical critical intensity., This minimum intensity is scen from Figure' 7
to increase with moisture content, the increase being epproximately proportional.
to the moisturo content, Tho presence of different amounts of water vapour in

. the combustible vapour no doudbt affects the flammable linn.ts.
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4, The effect on the fire hazard

liost fires burn for much longer than the times nccessary to ignite wet or
dry wood, so the possibility of a fire spreading by radiated heat is not
lessened appreciably by the moisture present in the wood.  Heowever, in the
early stages of a fire, the extra heat requircd to evaporatc the moisture may
not be available and the chance of a continuing fire being started is roduced.

!

5. Conclusiong

(1) The extra time taken to ignite due to moisture content for a given
intecnsity of radiation has been related to the ignition time for dry wood by
an empirical formula based on theoretical considerations,

ta = At + E.%‘EQ

Knfdmem

Ko(,) oo

anéi B = 1.9 Lpom/!\km ‘

(2} There is no marked change in the critical intensity with moisture
content but the minimwn intensity at which ignition actually occurs incre-ses
linearly with moisture content.

where A

i
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5 " APPENDIX I

Variation in thermal constants with maiéture content

The vanat:z.on of thermal conductivity is taken fram a paper(b‘) the
variation of thermal capocity is obtained by the method ‘of mixtures.

10~k Epo (4.78 + 10.2m) + 0.57) .

‘ . 1+mf>° j
= (1 + 1Y%
1+mf)o

an.\ = E_._-" = 0. + m

m
1T +m 1+ m

Km

- .

-~

This exprcssion for Cpy MY underest:.mate the true value by up to 6 per cent.
m is based on oven dry weight.
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