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THE"lNTERPRElL'ATIa'f OF' SOME' EXPERIMENTAL
DATA a'f THE" IGNITION' OF WOOD

by

P.H. Thanas, D.L. Simms and C.R. Theobald

1. Introduotion

A recent report by the U.S. Department otAgriculture (2) states that its pur­
pose is to indicate ".the ,importance .oi: _time. in .the .effect of' heat upon wood rather
than to present specific values' for...ignition ..temperatures or to recommend methods
for determining such temper~t~es"• It::.thengoes on to state that a previous in­
vestigation by R.E; .Prince ~1J "demonstr.ated ..clearly that what he termed·the 'igni­
tion temperature' for wood does not have a fixed value, but is greatly influenced
by the duration of exposure".

This report shows that the data. are ~insufficient to warrant these oonclusions
and that a different. interpretation ..baaed.ion a constant ignition temperature is pos­
sible; the verious, time s measured then being the times hken to reach the constant
ignition temperature in an oven at a: given temperature.

In the exper.imenta by Prince (1) .oven-dry wood specimens were placed in an elec­
trically heated oven .at various .elevated ..tsparatures. and the time fran the manent
of insertion until the specimen waaignited.by.a pilot name about tin. above it
was meaaured'~ Thespecimena were 4 in. x it in. x it in. and were of various

. species and' density. Prince's results are given in Table 1.

Table 1

Effect of temperature and time of exposure upon the ip;nftion of wood

!
! Temperature Duration of exposure before ignition~ - min.
: of exposure -
I Qy Western. sitka

I
Long- Red Tama- Noble Eastern Red"- Bass-, leaf Oak rack larch fir hemlock wood spruce wood I

I. OC-
I 180 14.3 20.0 129.9 30.8:: - - 28.5 40.0 -

200 11.8 13.3 14.5 25.0 - 13.3 18.5 19.6 14.5i
225 I 8.7 8.1 I 9.0 I 17.0 15~8 I 7.2 10.4 8.3 9.6
250 ! 6.0 4.7 6.0 I 9.5 9.3

I
4.0 I 6.0 5.3 6.0!

300 i 2.3 1.6 I 2.3 , 305 ! 2.3 2.2 I 1.9 I 2.1 1.6I
350 i 1.4 1-.2 I 0.8 I 105 i 1.2 1 1.2 I 0.81 1.0 I 1.2
430 i 0.5 osj 0.5 i 0.5 i 0.3

I
0.3

I 0.3 1 0.3 0.3
, i ! '1

1 I I
I

Average ! I
speCific I

gravity of I

0. 35]speciJilen s 0.70 0.68 0.60 0.48 0.46 0.38 0.34 0.31
,

2In general, the values shown represent the average of two tests.
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2 0 Analysis of eXJZ.erimental data_

The themal balance in .an opaque ,solid receiving heat 'by radiation and con­
vection and generating heat within itself has been discussed elsewhere (3)0
The rise in temperature G at a depth ox! below the surface at time t of the
specimen in an oven is given approximatelr by

:=. pc ~ + ~
"

\)

-Elfrr'
=- Q { (R,)..Q.

(2)

with the boundary oondition at X. == 0

--
where It is the thermal oonduotivity

p the den~ity

and 0 the specUla,.hea.t, of ,the _speoiflc heat of the speo1meno

~ is the rate ~t which.heat is generated ohemioal~o

Q is 'the heat of reaction per unit volume 0

W is the volume oonoentration of reaotant.

l' is the, .frequency faoiar.

E the activation energy0

R the univers~ gas oonstNlt.

H is the hea.t transfer ooeffioient between the oven and the surface

of the 'fOod

Gs is the 81Jrfaoe ~emperature of'~ speoimen

Gp is the oven temperaiiure

T the absolute: tempe-rature in the wood.

An' analytical solution of these equations is not ..possibleg , but useful appro~
ximations may be m~eo

Implicit in the previous disQussion(1 112) o;f"'P.rinceos data is the assump­
tion that the surfaoe tEmperature is.immediately the sane as the oven t~pe-

rature. .

Drrhe specimen' is assumed to be a ,sem1~inriidte solid~ "that iS ll that the tem­
perature rise at the oentre of the .specdmen is .small and' has little effect

on the temperature rise of 'the surfaceo '
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The first of two extreme cases is that the material rapidly reaches the oven
temperature and then rises above it d~e to exothermic reactions. 'IDle conventional
theory of thermal self heating l4) (51 states that a steady state is only possible
if the rate of exothermic heating is below a certain value which depends on the
size of the specdmen; If ~is ~alue i s ex?e~ed the (teml?e:~ture co~tinues to rise
leading to an explosion or an this case to 19nJ.tion. 6, (;8. ) ProvJ.ded that the
heating conditions are well above the threshold, the theory states that the ignition
time is given by

t ci: e + E/RT (4)
I

where t is the ignition time
t

Equation (4) states that log t should be linear with respect to JIT and fig 1
shows that the results do, in fact, follow this law but the slope gives an activation
energy 9£ 1Q,OOO cal/sm. mole which is between 113 and 1-/2 of the usually accepted
values l-&, 9) •

'rhe second extreme condition is where the ·ignition time is predominantly the
time taken by the material to reaoh a temperature at which chemioal reaction beoomes
very rapid ioe. there is an effective "ignition temperature". The time to re~
this temperature is determined by the thermal pr9~el\~ies of the material end the beat
transfer rate between the oven and the material ~ O} 0

(
The temperature rise of the surface ma;y then be obtained in analytical form

as 11) 1

(5)

:::J thermal dif':Clisivityo,

:= 6 - ':ef4 f )
Hrrr= K;~

'K
::=::. -pc..

of plotting experimental daba, it is convenient 0, 10) to re­
as

where

Par the purpose
arrange equation (5)

....'

is equivalent to the energy modulus defined elsewhere(10)

(6)

"....Itcooling

f .

ItIt

--

..EXfC va:
f

At short times, f3 tends to zero, and the value of'

HGF t Irr
()sfC Jtt-- tends to ~

Hence from the vel.ues of i;:~ for BlIl8J.l value. off>. a ffr.t approximation to

Gs may be obtained.

The data of' Table I have been expres sed in tenns of'· the energy and cooling
modulus and these have been plotted in fig ..2 j the best f"it between the experimental
results and equation (6) is given by a value for Qs of" 210°0 obtained by a prooess
of trial and error. Although there is some scatter, there is little sign of any
trend with density. r.rhe vaJ.ue of 210°0 for Gs may be take~ as the "pilot ignitiOl1l
temperature" f~l)the conditions of the experiment, a conclusion at variance with
that of Prince • However, sinoe this temperature is slightly higher than the
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minimum, oven temperature, 1800C found in Prince's experiments(1), chemical
heating pl~ed same part in the ignition process but it is clear that it is,
of secondary importance compared with the thermal resistance and capacity of
the specimens. . ..,"

This p:\.lQt ignition temperature is applicable to the conditions of 'this'
experiment t 1); it can only be applieq. with caution to other condit'ions where,:"
for example, the flame may be in a different position with respect to the lIOod'
surf~e.

3'. Conclusions

An attempt to oOlTelate Prinoe's data on the basis of' an exotherlnio heat­
ing model succeeds only. qualitatively '1-g tl1.e activation energies ,obtained are
much lower than those found elsewhere l' ,9). The assumption that ignition
occurs when the surfiloe reaches a oertain temperature 2100C', and then produces
volatiles that can be ignited, gives a more reasonable agreement with the .
experimental datal although there is some evidence that chemioal heating plays
some part in the l.gnition processo

Thus for Prince's(1) experimental conditions, the heat transfer to the
specimens is more important ,t!lail'tlie:'heat generated' chemically.
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