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SUMMARY
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The results of some experiments by R.E. Prince(1)
on the ignition of wood in an oven are shown to be more
satisfactorily correlated by assuming that wood ignites

. when its surface reaches a certain fixed temperature than
by assuming that ignition is primarily determined by exo-
thermic self-<heating.
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THE ™ INTERPRETATION OF SCME' EXPERIMENTAL
DATA N THE™IGNITION COF WOOD

by
P.H, Thamas, D,L, Simms and C,R, Theobald

1. Introduction

A recent report by the U,S, Department of Agriculture (@) states that its pur-~
pose is to indicate "the importance of _time.in the effect of heat upon wood rather
than to present specific values for ignition temperatures or to recommend methods
for determining such te.mper?tsrea". Jt:then goes on to state that a previous in-
vestigation by R,E, Prince 1) "3emonstrated.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 conclusicns
and that a different interpretation based .on a constant ignition temperature is pos-
gsible; the various times measured then being the times taken to reach the constent
ignition temperature in an oven at a given temperature,

In the experiments by Prince (1) oven-dry wood specimens were placed in an elec-
trically heated oven .at verious elevated temperatures and the time from the moment
of insertion until the specimen was ignited .by a pilot flame about % in. sbove it
was measured, The specimens were 4 in, x 1% in. x 1} in., and were of various

specles and density, Prince's results are given in Table 1,

_ Table 1

Effect of temgarature and time of exposure upon the :I.E‘tion of wood

! ' |
| Temperaturs _ . Duration of exposure before ignitiom! - min,
 of exposure - : -
! - . :
‘_ S Long=-{ Red | Tama=-| Weatern| Noble| Eastern| Red=- | Sitka | Bass=~
) Ieaf | Oak | reck larch fir | hemlock | wood | spruce| wood
C %
480 4,3 [20,0|29,9 | 30.8-] - - | 28.,5| 40,0 | =
200 11.8 [13.3 | 4.5 25,0 - 13.3 18,5 | 19.6 | 1ho5
225 8.7 | 8.1] 9.0 17.0 |15.8 702 | 104 8.3 | 9.6
250 600 LI-.? 6.0 E 905 ’ 9.3 Ll-oo 600 503 690
300 2,31 1.6 2.3 | 3.5 | 2.3 2,2 1.9] 2.1 | 1.6
350 | 1ok | 1.2) 0.8 1.5 1 1.2 1.2 0.8 1.0 1.2
430 i 065 | 0o5| 005 | 0.5 | 0.3 0.3 003 003 0.3
P { :
| 1
Average E
specific
gravity of
apecilhans , 0-70 0368 0060 OoLl-B 0010-6 0938 0035 003&' 0-31

_1 In general, the values shown represent the averags of two tests,



2, Analxais of e@ermental data“

The thermal balance in .an opaque .s0lid receiving heat by radiation and con-
vection and generating heat within itself has been discussed elsewhere (3).
The rise in temperature € at a depth x’ below the surface at time t of the “
specimen in an oven is given approximatelf .

228 _ 28
Kaxa = pe3t T 9 (1)
- . LA ] 1

o - Bt
ib - é;_%?%% ::-€§.8?OD-GL

(2)
with the boundary condition at o€ = O

K%—i L= H(Qp —gs)_
(3)
where K 1is the thermal conductivity
P the dengity
and o the specific.heat. of the specific heat of the spescimen,

is the rate at which heat is generated chemically.
is ‘the heat of reasction per unit volume, .
is the volume concentration of react_ant.
is the. frequenoy factar.

the activation energy,

the universal gas constant.
‘

mow oW on € Do

is the heat transfar coefficient between the oven and the surface

of the wood
95 18 the surface temperature of the speoimen
SF 13 the oven temperature
T the absolute temperature in the wood.

An enalytiecal solution of these equations is not.possible, but useful appro-
ximations mey be madeo ‘ -

Implieit in the previous d:{sausaion“ 2) of Frince®s date is the assump- -
tion that the surface temperature is. 1mmediately the smme as the oven tempe-
rature,

L

BThe specimen is assumed to be a semi<infinite solid, that is, that the tem-
perature rise at the centre of the specimen is small and has 1ittle ef'fect
on the temperature rise of the surface,

1 -2 -
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The first of two extreme cases is that the materisl rapidly reaches the oven
temperature and then rises abov? jjt d|)1e to exothermic reactions, The conventional
theory of thermal self heating 4) (5 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 specimen, If this value is exceeded the ze:%zper ture continues to rise
leading to an explosion or in this case to ignition. (6,758: Provided that the
heating conditions are well above the threshold, the theory states that the ignition
time is given by ‘

t,k o+ H/RT (x)
where t is the ignition time -2

Equation (L) states that log t should be linear with respect to /T end fig 1
shows that the results do, in fact, follow this law but the slope gives an activation

energy ?f 1?,000 cal/gm, mole which is between 1/3 and 1/2 of the usually accepted
values '8;9),

The second extreme condition is where the ignition time is predominantly the
time taken by the material to reasch a temperature at which chemical reaction becomes
very rapid i,e, there is an effective "ignition temperature”, The time to reach

this temperature is determined by the thermal prfgezjﬁies of the material and the heat
trensfer rate between the oven end the material (10);

(11’She temperature rise of the surface may then be obtained in analytical form
as

S, ( - oforfep) ; (5)
where B = %IE b

i

R = P‘Sc—_ > thermal diffisivity,

Far the purpose of plotting experimental data, it is convenient 3 10) $o re-
arrange equation (5) as .

: = = .
TSI e A
chGEgF 1s equivalent o the energy modulus defined elsewhere(10)
(’ F ! " " ® cooling " m "
At short times,P tends to zero, and the value of '

tends to E

Hence from the values of é’?ﬁ%’f for small values of '8 , 8 first approximation to
. [ - [N
83 may be obtained. f

The data of Table I have been expressed in terms of the energy and cooling
modulus and these have been plotted in fig.2, the best fit between the experimental
results and equation (6) is given by a value for ®s of 210°C obtained by a process
of trial and error. Although there is some scatter, there is little sign of any
trend with density., The velue of 210°C for s may be taken as the "pilot ignitiom
temperature” f’ﬁ')the conditions of the experiment, a conclusion at variance with
that of Prince''/, However, since this temperature is slightly higher then the

- 3 =



minimum oven temperature, 180°C found in Prince's experiments“), chemical
heating played some part in the ignition process but it is clesr that it is .
of secondary importance compared with the thermal resistance and capacity of
the specimens,

This p:tl(jt ignition temperature is applicable to the conditions of this: y
experiment it can only bte applied with caution to other conditions where, \/
for example, the flame may be in a different position with respect to the wood-
surface.

3, Concluaions

An attempt to ocorrelate Prince’s data on the basis of an exothezinic heat-
ing model succeeds only qualitatively ?g the activation.energies obtained are
much lower than those found elsewhere . The assumption that ignition
occurs when the surface reaches a certain temperature 210°C, and then produces
volatiles that can be ignited; gives a more reasonable agreement with the
experimentel data, although there is some evidence that chemical heating plays
some part in the ignition process,

Thus for Prince's(” experimental conditions, the heat transfer to the
specimens is more important than thé-hesf generated chemically,
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