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• SUMMARY

This report desoribes some measurements of the temperature
of the stream of smoky gases emitted from a heated cellulosic
solid. The exothermic reaotions in this stream can lead to
self-ignition and flaming and the report disousses the effeots
of various factors, e.g. the size of the area heated by
radiation,on the likelihood of ignition. It is pointed out

.that the oocurrence of turbulence in the stream of gases is
important for ignition to ooour.
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EXPERIMENTS ON THE IGNITION OF CELLULOSIC
MATERIALS BY RADIATION

by

D. L. Simms

1. Introduction

This note is one of a s9!'~9s 9n the ignition of cellulosic materials by :
radiation. Previous reports~l)~2)U) have been mainly concerned with oonditions
in the solid itself; conditions in the str9am of volatiles issuing from the
surface have only been treated incidentallyU)(4J. Nevertheless, flaming by its
very nature is a process occurring in the gas phase(5)(6)and this ;-ep9;'1; gives
the results of several sets of experiments (some summarized earliernH8») on the
flow pattern and temperatures in the volatile stream. The ignition process is then
disoussed in the light of these results.

The basic experimental method was similar to that adopted earlier(l)(3) • A
speoimen was exposed to a known in'\;ensity of radiation either from a gas-fired
panel(9), a tungsten filament lamp(lO) or a oarbon aro(ll) and the ignition time
was noted.

2. Position of first appearance of flame
;

At high rates of heating, the flow of the volatile stream appears to become
turbulent immediately, i. e. on the surfaoe of the '"heated specimen, and ignition
usually follows very quickly. At lower rates, the flow is clearly laminar near
the heated surface and becomes turbulent higher up.

When a cine-camera operating at 120 frames per second was focussed. on th~

stream of volatiles immediately above the top of the irradiated specimen, the
photographs showed that flame first aPt'eared in the volatile stream where the
laminar flow became turbulent (Plate 1) and then travelled down to the surfaoe.
Experiments with a cine-camera operating at 720 frames per second showed that the
time taken for the flame to reach the surface from its first appearance was about
0.01 seconds, giving a speEd Qf'about 600 cm/s. This is at the high end of a range
·of velocities of flame propagation in turbulent flow(12). .

3. Absorption of radiation in the volatile stream

One possible mechanism for the ignition of the gases could be the absorption
of radiation by hydroeen{ one of the principal constituents of the volatiles at
high rates of heating~13}. Twin tungsten filament lamp sources were arranged so
that radiation from one passed through the volatile stream produced by the other
irradiating the surface of the specimen (Fig.l); there was no alteration in
ignition time when the second lamp was switched on during the experiment and so
absorption of radiation does not appear to initiate the reaction,at least in the
range of these experiments.

4. Temperature measurements in the volatile stream

The temperatures of the surface and of the volatile stream were then
investigated both when ignition did occur and when it did not; the intensity level
was the same in each case and was near the threshold for ignition; the presence
of an external draught(4) being neoessary to initiate ignition.

Temperatures in the volatile stream were measured by means of thermocouples
placed above the specimen, temperatures on the surface ·by thermocouples placed in



a thin slit. The thermocouples used'" in these experiments were made from
(45 S.W.G.) chromel-alumel wire and had a time oonstant of about 0.2 s for
95 per oent of full reading. ' 'l'he output was recorded automatically.

A typical experiment consisted of exposing a specimen to radiation,
recording the temperature-time curve at ~ position in the volatile stream,
and measuring the ignition time if it occurred. Fig.2a shows the mean result
for two exposures resulting in ignition and Fig.2b the mean-of' two where
ignition did not occur. Simila,r results were obtained with the thermo~ouple

in different positions in the same 'vertical plane.

The temperature distribution in the volatile stream just before and just
after ignition is shown in' Figs.3a and 3b. Where ignition did not occur, the
temperature distribution in the volatile stream is given for the t1.me just
after the slJI'face temperature reached 5000C at which temperature ignition might
be e;x:pectedU) (Fig.3c); the corresponding rises in temperature just :>_,'~

below the surface are given in Fig.4. Each experiment was repeated several
times to obtain a mean profile. At a rate of heating near to the threshold for
ignition (Figs.2a and 2b), the temperatures of the volatiles as they emerge from
the solid do not appear to differ whether or not ignition is about to occur.
The same is' true for the surface temperature (Fig.4)~. ('

There is a peak in the temperature' curve in Fig.3b at a point some distance
from the surface but in view of the thermal inertia of the thermocouples
compared with the short time for the flame to strike back to the surface it is
not practical to attempt to interpret this. If the reaction leading to ignition
is initiated by the volatiles mixing with the air; turbulent mixing would
increase the gross heat output both by extending the region where the reaction
takes place and by increasing the rate at which the reaction occurs.

, I
Experiments reported earlier(4) showed that introducing a draught could

sometimes produce ignition when otherwise it did not occur. This effect is
consistant with regarding the draught as introdUcing turbulence where otherwise
it did not occur at all or where it developed too far from the heated surface
for the gases to be hot enough to ignite.

The present results also help to explain why large irradiated areas of the
same cellulosic material are more quickly ignited than small ones at the same
intensity of irradiation(16). For a heated plume of inert gas, the smaller the
total amount of gas in the plume, the farther away from the source is the onset
of turbulence. The same effect would be expected for reacting gases up to the
point at which heating as a result of the reaction becomes significant. This

'" ' 'In order to test whether the thermocouples in the volatile stream would affect I

the ignition process, specimens of fibre insulation board'were exposed to
an intensity of radiation of about 3 cal cnr2 s-l (Fig.l); a number ofwires and
flbr'es af',d:ifi'erent,thicknesses ,\\,,[~,"'PJ,acEdin the volatile stream and the ignition
times with each wire and fibre wer-e recorded. No significant variation~ in
ignition time were found. 'l'he presence of a cotton fibre shortened the ignition
timerand the thicker metal wires (> 26 S.W.G.) often prevented ignition,
altogether, but the presence of the other fibres ,had no effect.

Xll'If chemical heating in the solid 'were si~cant, there should be a point of
I inflection in the temperature-time curve (Fig.4) above a certain temperature

(c. 2500C). No such inflection was found; 'it is also abs ent from the surface
heating curves given elsewhere(14)(15).
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meims that the smaller areas·require.a longer heating ·time ..to 'raille the:temperature
of the volatiles to a given value at the greater distance where turbulence
commences sc . that the ignition time is longer."

5. The effect of the cold areas surrounding the irradiated area

. The area heated by' the 'radiation is necessarily small when sources of high
intensity are used(lO, 11) so that the specimen holder may receive little of the
incident radiation. Unless care is taken in mounting the specimen in such a wB:J'
that the specimen is clear of its holder; this may interfere in the ignition
process. In particular, the minimum intensity -at which ignition occurs is found
:to be higher and the ignition time longer if the holder is unheated than if it is
heated. The effect is analagous to that discussed above in connection with the
size of the irrad:1.atedarea.

A hot surround effectively increases the amount of hot gas rising in the plume
by adding heated air to the stream of volatiles and turbulence would occur more

, . \

readily than with a cold surround so that the.threshold for ignition woUld be
lower. Also with a hot surround the higher temperature of' the surrounding air with
which the-gases .mix would tend to make ignition easier.

6. Conclusions

Ignition, that is, the first 'appearance of' f'lame, occurs where the steam of'.
volatiles becomes turbulent. If turbulence does not occur wi tIrl,n a short distance
of the point of emission of the volatiles, ignition does not occur even though the
temperatures of the surface of' the solid and in the volatile stream are the same
as when ignition does occur. This may be due to turbulence increasing the rate of
gross heat output in the volatile air stream by increasing the size of' the
reacting zone. I, .
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SUCCESSIVE STAGES IN THE IGNITION OF WOOD BY RADIATION
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PLATE 1.
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