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PART V BEECH SAWDUST WITH AN INCIDENT AIR DRAUGHT

by
¥K.N. Palmer and M,D, Perry

SUMMARY
The effect of an incident airflow upon the smouldering

of beech sawdust has been investigated in detail, The sawdust
was formed into small trains, as in earlier experiments under
still~air conditions, and.placed in a small wind tumnel;
smouldering was then initiated by a smell gas flame 'and the
time of travel over unit distance (smouldering time) was
determined, A logarithmic relationship was found between the

. smouldering time and incident air velooity; the effects of.
variations in train size, sawdust particle size, and moisture
content upon this relationship were comparatively slight, The
reduction in the minimum depth of sawdust necessary for sustained
smouldering was also investigated and it was shown that this
depth oould be reduced easily to.less than 3 mm, by an inoident

draught. '

Scme further experiments, desoribed in an Appendix,
showed that flaming could be produced in wood shavings or
newspaper in contact with the smouldering sawdust and that
only gentle airflows are neocessary, From these results it
is concluded that an outbreak of fire could be a direoct
consequence of the initiation of smouldering in beech sawdust,

Introduction

This investigation is one of a series concerned with the properties of
smouldering in common combustibles. The work was undertaken in order to
detemmine whether smouldering could be an intermediate stage in the -
development of certain types of fire; in particular, fires in which there - -
1s a oonsidersble delay between the time of ignition and the observed '
outbreak, It was suggested that in such cases smouldering could have been
initiated unnoticed and that it could continue for long periods, if the :
rate of propagation ‘were slow, before developing into flame, ~ The first
experiments upon smouldering were carried out with beech sawdust &g and
they showed that sléw, but sustained, smouldering could occur in still air
in trains of this dust and that it could be initiated by a small source
of ignition such as a glowing oigarette end., The linear rate of
prop?.gation was found to be not greatly affected by chamges in the
particle size, density of packing, moisture content, or size of heap of
the sewdust, Similar resplts were obtained later with deal sewdust t1)
and some industrial dusts \<): with all the dusts it was found that there
was & minimu depth of layer necessary for-'sustained smouldering, this -
depth varied with the nai('u e of the material and for some of the finexr
dusts was oply a few mm 2§. '
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In all these experiments the smouldering was allowed to Propagate under
still~air conditions, the only airflow affecting the combustion zone was
that due to the eombust:.on itself; the effeot of draughts upon the rate of -
propagation of smouldering is the subgect of the present note, The effect'
produced by a flow of air upon smouldering is of considerable importsnce as
it not only inoreases the rate of propagation but is also the most probeble
method by which the transition from glowing to flaming may ocour, either in
the dust itself or in other combustible material near the smouldering zone. //
As the smouldering of beech sawdist under still-air conditions had . been -
studied earlier in detail, the same material was used in the preseni: : /
investigation: thus enabh.ng direct comparisons to be made of smouldei:'mg
rates under differing air conditions, B it '

The relationships between air veloocity and cambustion rate have been
studied by s?veral earlier workers, a recent summery was given by Hoy and
Wnittingham detailed investigations of the combustion of single oarbon
particlf(s have been carried out by se¢veral workers, notably Tu, Davis, end
Hottel (&) and Smith and Gudmundsen (5). 1In these erperiments ’ sarbon spheres
were suspended in furnaces through which metered airstreams were passed,
either continuously or intermittently, and measurements were made of the
rates of combustion ‘and surfade temperdturés of the spheres, The -
experimental results indicated that the combustion of carbon involved two
rate-determining prooesses: |

1. chemical resistance (temperature sen31t1ve)
2 dlf‘f‘us:Lon (oomparatlvely independent of temperature)

Tu et al inferred that “with carbon spheres s chemlce.l .resistence ceased
to affeot the combustion rate at temperatures greater than 11000K- at
these higher temperatures the counter diffusion of oxygen and carbon dioxide
(assumed to be the main cembustion product) through the stagnant film around
the sphere was believed to be the rate-determining process. It was found
that in the temperature range within which chemical resistance was the
controlling factor the effect of changes in the ambient air velooity was
totally overshadowed by that of temperature, When diffusion was the
controlling process, however, the rate of combustion was found to vary as
the 0,4 -~ 0,7 power of the’ a:Lr velocity and was only sllghtly dependent
upon the amb:n.ent temperatures.

Concise accounts of present k:nowledge of the ¢ oxzmbust:.on of fuel beds
in furnaces.have been given by Lovry (6) and Thring (7). It is pointed out
that measurements upon the rate .of combustion of single particles cannot be
applied direotly to fuel beds by multiplying the combustion rate per unit
srea by the specific surface’ of the bed, Experiments showed that the
specific reaction rate was deperident upon the velocity of air flow but more
preécise relationships were not-obtained because the sir velocity in a porous
bed varies from point to point and is not uniformly turbulent; a further
complication is that the pressure drop due to fricticn loss through the bed
may oause disturbance of the individual particles, fnother series of
experiments, upon coke beds, indicated that the mass rate of absorptiomn of
oxygen per unit part:.al pressure was proportional to the 0.5 power of the
mass rate of flow'of oxygen, In these experiments, however, the beds were
. overfed and so the entering air was exposed to the residue from fuel which
“Hed been partly consumed during its passage through the bed; f‘luotuatmns
if"the size, ash’content, and reactivity could thus occur and combustion

: rates neer the pomt of eJ.r admission to such beds. were variable, .

It is evident fram the above vemarks that few systematic quentitatlve
results are available, probably owing to the lack of satisfactory..
theoretical relations for conditions inside furnace beds. . -More. k:nowledge
is also required of the initial products of combustion so that. the
experimental observations and deductions for single fuel pert:,ale.s may be .
linked more olbsely to those obta:.ned with the more complex system of‘ a
fuel bed, s e s e
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Lie experiments described in this report were carried out in a small
wind tunnel, of square cross-section, through which air was drawn by an
eleotrio fan. The beech sawdust was made up into small trains, as in the.
8till-air experiments, and the linear rates of propagation of smouldenng
were measured. The effects produced by variaticns in train and partiole
size, packing densily and moisture content of the sawdust were investigated,
usually with the airflow in the same direction as the propagation of
smouldering, Further experiments were carried out concerning the variation
with airflow of the minimum depth of dust layer necessary for sustained
smouldering, Finally, in an appendix, the details are given of experiments
showing the spread of smouldering from beech sawdust trains into other
materials and the subsequent production of flame,

Apparatus

The beech sawdust used in these experiments was taken from the same
samples used in the earlier work carried out in still-air; details of the
mean particle diameters and moisture contents of the different sieve
fractions have already been given (1), The trains of sawdust were formed
with the small metal moulds used before} some dimensions of these moulds
are given in Table 1 for reference, Further details may be obtained from
the earlier report, together with measurements of the mould Y used in the
determinations of minimum depths of dust required for sustained smoulderings

-Tédble 1
Dimensipns of '_the moulds used in the determinations of smouldering rates
Mould ] AL E B G D | E P

oentre

Vertical depth along| .. 0. 30 0,80 1.00 ; 1,65 2,40 3470
Cm, | ] i ' .-

The wind tunnel, Whlch was 15 ft. in length, was mounted .
horizontally; detan.led measurements of‘ the tunnel are g:.ven in F:Lg. 1.
The oonstruction was J.n four seotmns , a8 follows: : .

I - long duct conta.mlng combustion chamber, a.nd
observatlon penels, leading to II.

II - pipe with airflow regulator.
III - conneoting pipe befwetm IT and IV
v - eleotmo fen d.ra.W:Lng air through duct and: pipes. :

The air entered at the open end of the long duct I (Fig. 1) and
travelled several feet before entering the combusiion chamber., The chamber
(Plate 1 ) was of the same oross-section as the duct (5 in. square) and
transparent plastic observation penels were mounted in the asbestos side walls,’
A third panel was set in a detachable lid which Toxmed the roof of the
combustion chamber, This panel was marked out in ccentimetre divisions and
another graduated scale was fixed to the floor of Las combustion chamber
to facilitate the measurement of smouldering rates. A metal bridge with
an asbestos wood covering stood upon the lower scale and supported the
train in the centre of the airstresm (Plate 2),

On leaving the combustion chamber the air flowed through further
duoting before entering a circular, sheet metal, pipe II containing a
metal damper used as a means of fine adjustment of the air flowing through
the tummel,  After passing through a conical, sheet metal, pipe III the
air was finally expelled through the fan IV, As a means of coarse
ad justment of the airflow, the outlet of the fan could be partially
reduced in area.. In order to maintain constant the voltage supply of the-
fen motor (0.072 BHP, 2800 RPM) a variable transformer and an A.C,
voltmeter were introduced :|.nto the eleotrical supply oircuit,
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‘Partiocular care was taken to ensure that the interior of the tunnel
was as smooth as possible, to prevent disturbance of the airflow, and that no
leakage of air took place. The apparatus was situated in a la.rge building
with little bulk movement of air; consequently external disturbance of the
- air passing through the tunnel was reduced to a minimuwn,

Method

The method used in the formation ¢f the trains was the same as in tho
earlier work csrried out in still-air (1 Before the trains were placed
in the combustion chamber of the tunnel the airflow was adjusted to the
value required, using a moving vane anemometer for measurement of the Air
velocity; oheck determinations of the velocity were made at the end of each
experiment. When the required airflow was obtained the trains, supported
upon asbestos millboard, were placed upon the bridge in the combuation
chamber; smouldering was then initiated by a small gas flame,” In the
experiments concerning the measurement of smouldering rates the combustion
zone was allowed to advance 2-3 an along the train before timing commenced.
Measurements of the time of travel of the combustion zone at centimetre
intervals, over a total distance of 10 om, were made without parallax errors
by using the graduated scales on the lid and the floor of the combustion
chamber, The.mean time per centimetre was taken as the "smouldering time".

The f:l.rst mvestlgatlon was concerned rna.mly with the effect of variation
in edr velocity ipon the rate of smouldering in trains of 20-40 IMM sewdust
formed from mould D, Two series of experiments were undertoken in which
the airflow was either in the same direction as the propagation of smouldering
(pos:.ts.ve alr velocities) or in the reverse direction (negative air velocities)
further experiments in the former series were concermed with variation in the
density of packing of the troins, The effect of variation in train size
upon the relation between smouldering rate ond air velocity was next
investigated, In these experiments, restricted to positive air velooities;
moulds B-E were used and trains were made from both the 20-40 IMM and the
4L0-60 MM sawdust fractions. Studies were algo made of the effects produced
by variation of particle size and of moisture content of the sawdust; in
both series of experiments the trains were foxmed from mould B and the air
velocity restricted to positive values. In the partiocle’size investigation
the complete range of sawdust fractions was used (20-40 IMM to 100-120 IMM),
but in the moisture content series only the three coarse sieve fractions
were employed, The methods used for changing the moisture contents of the
sewdust from normal values were identical with those desoribed in.the earlier
report: L1

Flnally, .an investigation was mede of the effect of air veloc::.ty on
the minimum depth of dust layer required for sustained smouldering of the
three coarse fractions of sawdust. Instead of obtaining minimum depth
by direct measurement, as in the earlier work, & more precise method was
adopted. Thus measurement was made of the distance down the train from
the point where smouldering ceased to the shallew end of the train; the
minimmm depth was then calouloted from this distance and the slope of the
train, the latter quantity being obta:med directly from the dimensions of
the mould Y. '

SA11 experiments were cé.rried cut at atmospheric temperature.

Re sults

Appearance of the smouldering

The visib],e'eff‘edt produced upon smouldering in trains of beech
sawdust by an incident air draught was usually most marked when the air
velocity was above 150 an/sec. (4 m.p.h. = 4he7 can/sec,). Thus, when
the velocity of flow was below 100 cm/sec. the appearance of the trains
was very similar to those smouldering under still-air conditions; when -
the air velocity was approximately 150 am/sec, however, the ash residue was
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was removed in the airstream and the smouldering trains glowed visibly,

The brightness and extent of this glowing increased at higher air velocities
and hence the division between the unburnt and burning portions of the trains
becamo very marked; the position of the smouldering front could therefore

be estimated with greater accuracy within the air velocity range 150~450 cm/seo.
than at lower velocities or in still air. At greater velocities, outside

this range, serious disturbance of both the smouldering zone -and the unburnt
sawdust particles occurred; under these conditions measurement of - smouldering
rates became difficult and hence detailed investigations were not undertaken.

Incident air flow

The results obtained in the initial experiments, devoted mainly to the
effect of airflow upon the smouldering rate, are shown in Figs. 2 and 3.
In both Figs, the smouldering time is plotted on a logarithmic scale whereas
the air velocity scale is linear,:in Pig, 2 the results are for positive
alr velooities (airflow and propagation of smouldering in the same direction)
and in Fig, 3 are for negative velocities. All the results shown:in Figs, 2
and 3 are for trains packed to a medium density of 0,28 gm/ml. ° In both
Figs, the graphs are extrapolated to zero air velocity by means of dashed
lines, these ore used to indicate that sustained cmouldering ccouys’ within
this velocity range (since smowldering is sustained in still airmf”). In
addition to the above, attempts were made to determine the effect of variation
in packing density upon the .smouldering rate, using an air velocity of
250 gn/sec. It was found, however, that packing to an initiel dry weight
density of 0.30 gm/ml, or more, resulted in the expansion of the trains
immediately shead of the smouldering front; thus changing both packing
density and size of train, Since this method proved unsuitable for .
detailed investigations the experiments were discontinued, the results that
were obtained, however,.indicated that any alteration of the smouldering
rate caused by chenge in the packing density was smell compared to-that
produced by variation in airflow, In all subsequent experiments the
packing density was maintained at 0,28 gn/ml, unless otherwise stated.

Train size o

) The results obtained in the investigation of the effest of train sizge
upon the smouldering.rate, under airflow conditions, are surmarised in '
Figse 4 and 5 (for 20-40 and 4LO-60 IMM fractions respestively); in
Fig. L the results previously obtained with mould D, and shown in Fig. 2, are
included for comparison. Each of the lines shown in Figs. 4 and 5 was
initially dravm as .o separate graph before being added to the group; the
individual, points are omitted in both Figs. for clarity, since the scatter
of the results was in all cases similar to that shown in Fig. 2. ‘
Extrapolations to zero air velocity were again made using dashed lines for
_ trains which sustain smouldering in still-air (D,E); the results for
" the smaller trains not sustaining smouldering under these conditiens (B,C)
are extrapolated by dotted lines, Thus sustained smouldering in these
smeller trains ceases in the air velocity range represented by the
dotted lines, The measurement of smouldexring races was restricted - -
at high air velocities by distuxbance of the trains§ the results chown
in Figs. & and 5 are for experiments in which little or no disturbance . .
occurred. No experimenis were carried out with the mould F as the ‘
trains formed were too large for convenient measurement; with the
smallest mould. (&) no measurements could be taken as smouldering was not
-sustained by trains from any of the sawdust fractions, Similar results,
to thoge described above .for trains of intermediate size formed from
the 20~40 and L0-60 IMM fraotions weré obtaineéd with 60-80 M sawdust,
using moulds B and C oply; further experiments with this and finer dusts
were restricted in number by the limited quantities of sawdust available, -

RN
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Sawdust particle size

The effect of pariicle size and airflow upon the smouldering time was
next investigated} a summary of the results is. given in Fig. 6 and includes
those already shown in Figs., 4 and 5 for trains formed from mould B and the
two . coarse fractions of 'sawdust, Individual points are again omitted in
Fig, 6 -from the family of results and the lines are extrapolated to zero air
velocity, with broken lines, using the same convention as before, It is
noteworthy that the results given in Fig. 6 show that at high air velocities
the most rapid smouldering (i.e, smallest smouldering time) occurred with the
coarsest fraction of sawdust, but that the effect was reversed at lower ‘
“volocities and this fraction then produced the least rapid smouldering., Also,;
the other sawdust fractions behaved similarly and remained in the same relative
sequence throughout the air velncity range investigated.

Moisture content

The experiments concerning tihe effect of variation in moisture content
of the sawdust were carried out upon several fractions, using extreme values
of moisture content (approximately OF and 22% respeotively). The results
given in Fig, 7, for 20-40 IMM sawdust, also include those for sawdust in
‘the normmal condition (moisture content 9.4%) and shown eerlier in Figs. 4 and
6, The packing density of the trains was not maintained throughout at
0.28 gn/ml since the sawdust perticles expanded considersbly on increasing their
moisture content to 22,%%; ..trains of sawdust in this condition were thus
packed at a dfy weight density of 0,19 gn/ml: It is again noteworthy that
the fraction smouldering least rapidly at low air velocities (that with
moisture content of 22, 3%) was also that whioh smouldered most rapidly at
higher velocities; similar behaviour was observed on varying the particle
size (Fig. 6). ' :

Minimum depth o

Experiments showed that the minimum depth of dust layer necessary for
sustained smouldering is reduced when a draught is incident upon the layer.
The effect of airflow upon the minimum depth of the 20-40 IMM sawdust
fraction was therefore studied end the results are shown in Fig., 8, for the
air velocity range 45-250 am/sec; at higher rates of flow the minimum depths
were very small and were not measurable even though the method used was more
precise than in the earlier work (see Experimental). The results shown in
Fig., 8 are for experiments upon trains formed from the wedge-shaped mould Y,
in which smouldering had ceased at a point within the trains and not at an
edge; however, the scatter of the results was wide compared to those glven
in Figs. 2-7. Similar variations were obtained with the L0-60 end 60-80 IMM,
sawdust fractions, : :

Ease of ignition

The initiation of smoulderinyg by a small source of ignition, such as a

owing cigarette end, became much easier under even a small ajrflow -
?%OO om/sec) than desoribed earlier for still-air conditions($§. In
addition, the smouldering zone. produced initially by a source of amall
area spread rapidly across the entire width of the trains; it then
- proceeded in the same manner as in trains in which smouldering was initiated -
by the small gas flame, In none of the experiments descoribed above was ' o
the smouldering transformed into flaming by the action of draught; ‘t?is= '
was not entirely unexpected since, as stated in the earlier report (1 s none
of the beech sawdust fractions sustained flaming in still-air. Some
experiments were carried out, however, to determine whether smouldering
beech sawdust trafns could induce Tlaming in other materials under the
action of draught; as these experiments involved the use of combustibles.-
othexr than beech sawdust, and as the oconditions were not rigorously
ccntrolled, the method and results of these experiments are given in an
Appendix.
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Discussion-

Appea.rance ‘and effeot of a.:.rflow upon tr&ms

The experiments desor:.bed gbove “have shown that an 1nc1dent air draught
produces marked-chénges in both the- appearmée énd. the Tété. of . prqpagat:.on
of smouldering in beech sawdust trams. . Itis ap}garent f‘rom Fig., 2 that
within the positive air veloecity ronge mvestigated (50—500 cm/seo) there is an
approximately exponentlal relationship between the smoulder:l.ng ‘time and the
inoident air velocity; in this air velocity range the smoildering time can
- deorease to about one tenth of its value at very low air velocities, When
the airflow was in the opposite direction to the propagation. of. smouldering
(i.e. negative air velocities) the relationship between the smouldering timo
and inoident air velocity was more complex (Fig. 3); this may be due to the
air stream not impinging direotly on to the smouldering zone but, formlng an
oddy in the lee of the train, The air velocity in this eddy may not be equal
to that in the main air stream and would probably be affeoted by the
geometrical shape and roughness of the surface of thé train; since the effect
of negative airflows upon the smouldering time was small compa.r-ed to. that -of
positive velocities, particularly with gentle air flows, the number of-.
experiments was restricted to that shown in rig. 3.

The mathematiocal relationship between smouldering.time (S) and positive
air velocity (V) for the results given in Fig. 2 is of the form:

log (S/So) =’ -mV -.-......‘..'.‘..."..'...;‘..'._. (i)

where m is a +ve constant, and S, is the smouldering t:.me with zero
incident air velocity,

- The substl‘l:utzon of numerical values 3.n this equat:.on 1eacis to:
'-'-logms S - 2fx 10V & 2.8
It should be noted that an alternative fomulat;.on of equcxtlon (i) is

log ( A?D) = mV where R is the linear rate of‘ propagat:.on oi‘
smouldering (cm/seo)

ar
whenoe. @V “~ R so that as R increa.ses %Ri also increases.

o v
Since this relatlonsh:r.p ig unl:.kely to be valid for 1arge values of R, it ir
probable that equation (i) holds over a restrioted air velocity range only,
-with-the-beech: sawdust ‘however, this range "is gredteér than that imposed by
the tendency of the dust to be disturbed in high velocity air-streams (above
500 cm/sec), =~ Theé. results shown in Fig, 2 give no indioation that the
relationship between smouldéring time and incident alr velocity does not
hold for airflows only slightly less thon those necessary for eericus
vemoval of the dust; in'addition, when the air velocity was inoreased above
a certain critical range. (100~150 cm/sec), the ash formed.during combust:.on
was vemoved by the draught without affecting the logarithmic relation
between amouldering time and air velocity. It is thus unlikely that ash
formation takes ‘& significant part in regulating the rate of smduldermg
of becoh sawdust under the airflow conditions employed,--

The relationship -given in:equation (i) differs 'considerably from =
those obtained by earlier workers and summarised in the. Introduotlom
in particular, the effeot of airflow upon the combustion rate of single
oarbon spheres is. usually. markedly less than upon the smouldering rate - |
of beech sawdust, especially. at the higher airflows,.: -There ars; however,
oconsiderable dlfferences in.the - experimental condn.t:.ons of - the two . o
cases sinoce the combustion of . the .carbon spheres resembles 'bhe smouldenng
of & so0lid bloock of material over its entire, surface; . RTINS :
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Comparison of the results obtained upon the smouldering of beech seawdust
trains with measurements upon furnaoe beds also has limited value because the
air is blown through fuel beds whereas it flowed over the sawdust trains,
Purther experiments are needed to determine whether logarlthmlo relationships
similar to that in equation (i) are obtained with smouldering in other
materials such as trains of different dusts and strips of fibre insulation
board,  As the visible glowing of the beeoh sawdust trains brightened with
increasing airflow, it is probable that the temperature of the smouldering
.zZone was increased; at present, however, the relation between inoident air
veloclty and smoulderlng zone temperature is unknown. : ey

Effect of traln size

ERaL

The results given.in Flge. & and 5 show that logarithmic. relationships,
as in equation (1? still hold Tor various train sizes but that for a given
sawdust fraction.the value of. the constant m is dependent upon the mould

size; thus under the ‘same. condltlons small traans tend to smoulder more
rapldly than larger trains. . The effect of train size is most marked at the
higher. air velocities and it may possibly be caused by the reductlon in air
velocity at .the .centre of the smouldering zone, sinee most of the air incident
upon the train does not flow, through it but is deflected past A greater
reduction in. air velocity would be expected with trains of . greater eross-
sectional area and hence the smouldering of these “reins would be less rapid
than with those formed from smaller moulds, No simple relationship was
obtained between the dimensions of the moulds and the separeticn or differences
‘n gradient of the lines shown in Figs, 4 and 5; eny further examlnatzon of
this aspeot would entail exPerlments with a series of moulds whose widths and

" depths oould be varled independently.

The results. obtained for the smouldering of beech sawdust trains under
still-aif conditions(1) .indicated that within the limits of experimental
error the smouldering time was independent of the train size;  the values of
these earlier ampouldering times are tabulated below together ‘with those
. obtained from Figs. 4 and 5 by extrapolation to gero air veloocity (Sg in
“equetion (1)). It Should be noted that zero incfdent air veloocity is not
exactly equlvalent to stlll-alr condltlons since with the latter there is an
airflow at the smouldering zone, due to natural convection,vhich is
perpendicular to the direotion of the applied airflow,

Tabhle 2

Comparison of smouldering times (min/am) obtained in still air with
extrapolated values for zero air velooity.

E vould ’ 20-40 IfM.M. fraction 40—60 I.M.M. fraction
' Still air | Zexo. air veloocity | Still air Zero adr’ veloo;ty
B n. 8. T 510 .8) n.s. ‘ -(10;5;
c Caongse L (14.3), ‘T, S : (10.5)
D AT T, -3 10,7 {7 1,0
1 ' 5 . " ) - ' H

12.3 mln/cm qq,extrapolatlng results for negatlve alrflows (Flg.3)

Nn.s, denotes "no sustalned smouldering”. .

The values of the smoulderlng time given for trains from the
smaller moulds B and C-are of -theoretical interest only, as these tralns
do not sustain smouldering in still-air, but there is close agreement with
the larger trains between the measured smouldering times in still-air and
the values obtained by extrapolatian,

MR )
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“Effeot of particle size

The family of results given in Pig., 6 for particle size experiments is
notable .in showing the existence of an air velooity range within which the
smouldering time of trains from a given mould is approximately independent
of the particle size of the sawdust., The limits of this range will,
however, probably be affeoted by the train size. With some fractions the
extrapolated values of smouldering time at zero incident air velocity can
be compared directly to values obtained earlier in still-air with trains from
mould B; with the coarser fraoctions, however, trains from mould B-did not
sustain smouldering and the values given in Table 3 are for trains from the
larger mould D, It has elready been demonstrated that variation in train
size ocauses no measurable change in smouldering time under still-air
conditions,

Table 3

Comparison of still-air and extrapolated values of smouldering
time for various sawdust fraotions,

Smpulde time mln/

Sewdust fraction | oidering time (min/am) - - |
Stlll—alr extrapolated

20-40 T.M,M, TR E 10,7

Lo-60 " 10, 7% 10.5

60-80 ' v 10, ¥ 8.8

80-100 " 9.5 8.6

100-120 " 3.0 8,4

®trains from mould D; . all others from mould B,

There is again fair agreement between the still-air and extrapolated
values of the smouldering time, and although thé latter values are slightly
less than in still-air, this dlfference may. not be significant because small
changes in the positions of the lines in Fig, & could result in comparatively
large variations in the wvalues of the -intercepts owing to the condensed socale,
It may be seen from Tables 2 and 3 that the extrapolated values of smouldering
time of trains not supporting smouldering in still-air were approximately
equal to experimental determinations made upon larger trains under these
oonditions; this indiocates that the transition to a non-smouldering state
ocours abruptly without affecting the logarithmic relationship between
smouldering time and inoident air velocity.

The results given in Fig., 6 show that the slopes of the lines
increased with particle size and although no direot relation was cbtained
it is probable that ocoarser particles would give even greater reduotions
in smouldering time per unit inorease in air velocity. If this were so,
the rate of production of volatile combustible gases distilled from the
sawdust by the smouldering zone would inorease more rapidly than the rate
of removal in the air stream; this would render more probable the direct
produotion of flaming from glowing in trains: of beech sawdust.

Effeot of moisture content

The dispersion of the results obtained upon varying the moisture
oontent of the sawdust trains (Flg. 7) was smaller than that for variation
in partiocle size; but, as before, an air velocity range was found within
whioch the smouldering tlme of a given sawdust fraction was approximately
independent of its moisture content. ~..The sawdust sample which smouldered
least rapidly under small airflows (that with high moisture content) was
also that giving the greatest change in the logarithm of the smouldering-
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time per unit air velooity change; this behaviour was eimilar to that
observed in the previous experiments (Fig, 6). It is possible that the
factors which determine the sm~uldering time of the sawdust in still-air are
also those which control the rate of change of smouldering time with incident
air velocity; the measurement of temperature distribubions in the trains may
provide further information upon this aspeot.

Minimum depth for sustained smouldering

The decrease in minimum depth with air velocity is shown in Fig. 8, for
the 20-40 MM sewdust fraction; it may be seen that only slight air velocities
are necessary for oonsiderable reductions in the minimum depth. Thus the
still-air value of 1,3 aom is reduced to about 0.2 cm by en airflow of 5 mph,
(223 om/sec).  As with the experiments upon smouldering time there again
appears to be a logarithmic dependence upon air velncity although the soatter
of the results is greater than in the eerlier experiments. This scatter was
too large to be accounted for by the errcr in the dsiermination of the
minimum depth (* 0.1 mm); it.may be coused by chance local. variations in
the sawdust trains affeoting the position at which smouldering ozases.

It should be noted’ ‘that these exper_ments measure the derth of layev- at which
smouldering ceases in a wedge-shaped train; this depih may be slightly less
than that. re.qulred for sustained. smoulderlng in a wnaif us.m _Layer,

As w:.th the smouldex'lpg t:unes there is fair ag:“eﬂment between minimum
depths measured under still-air conditiions and extrapolated values for zero
incident air velocity; there is thus a.marked sa.mllarn.ty in the relations of
mirimum depth and smouldenng 't:..me to airflow, Lo

Practical -corgiderati ons .

The possibility of fires developing by the mechanism-suggested in tho
Introduction has been demonstrated in the experiments described above and in
the Appendix, Thus," although the “effeot of alrflow upon the smouldering
time of beech sawdust is much greater than any other faotar investigated,
only small chenges are produced.at the low air velocities required for the
flaming of wood shavings or newspaper. - Smouldering may theref‘ore prooeed
at a very slow rate in still-air ov sllght draught for long periods before
fianc appears; further exper:l.ments are required, however, upon the latter
aspect, The deorease in the minimum depth of dust required for sustained
smeuldering under airflow.conditions also has practical signifioonoe in that
a layer of sawdust only 2-3 mm, in thickness may be able to. support
smouldering for considerable periods., The fire hazard of such very shallow
deposits of ocombustible dust has not, perhaps, been fully" realised,

Conclusiong _
‘I‘he main pm.nts amaing from th::.s work are:

1, The smouldern.ng t:unes (mJ.n/cm) of beech sawdust tra:ms are gree.tly
reduced by an air ‘draught in. the same direotion as the propagation of
smouldering; the effeot. is much more marked than w:.th any of‘ the factors ‘
investlgated under st:xll-eu.r -condi tions. D

2. In the sa.r veloc:.ty rangé investigated a r“lat:l.onsha.p of the form o

log (S’é '= = mV was found between the smouldering time (S) and incident.
airflow. (V) This relationship was affected only slightly by va:c’:.at:.ons
in train Bize, part:.ole size. e.nd mo:- sture ocontent of the sawdus‘c

3. " The nu.n:.mwn depth of sawdust layer necessary for sustained =~ '
smoulder:.ng was also found to decrease approximately logarithmically:
with incident eir veloeity,- In consequence, very shallow layers of " |
beech sawdust are able %o sustain smoulder:mg under airflow oond:.t:.ons H _.'_
such loyers therefore present a fire hazard.



L. If tho mensurcments of smouldering timos and minimum depths are
extrupolated to zero incident ejr velocity, the interoept values are in
approximate agreement with the results of experiments carried out under
still=-air oconditions,

5. The incidence of draught upon beech sowdust increases- the ease of’
initistion of smouldering by sources such as glowing cigarette erids,: -
Although smouldering in the beech sawdust trains does not develop into
floming under a constant ajir draught, flaming may be produced in materials
such as wood shavings or newspaper in contact with the smouldering dust,

The rapid development of fire may thus occur a considerable time after the
initial ignition if the propagation of smouldering in the dust has proceedsd
unnoticed.
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Since this report was produced a systematic error has been
discovered in the measurement of the alr velocity incident upon the
trains, In consequence, the velues of air velocity shown in ®i:s, 2-8
are too large by a constant factor; corrected velues are given below,

. o N 11
hir velocity shom | 0 | 80 | 120 160 | 200 | 240 | 260 | 320 | 360 | 400 | 440
cm/sec j . [ : t ': |
| , ] ! i i f
o 5 N | ! o ; i i
o t i i i i i ‘2=
velocity c;jiec 35 ‘ 70 1105 | 140 | 175 | 210 | a5 | 280 | 315 ! 350 | 385
i : i ! i




Appendix

As subjecting the beech sawdust trains to an air draught at oconstant
velocity had failed to produce flaming in this dust, some further experiments
were carried out involving materials wihich would suppcrt flaming viz. thin
wood shavings and newspaper. In thesec experiments a beech sewdust train
{(from mould C or D) was made up in the normal manner and placed in the wind
tunnel; 4t was then ocovered, e xcept for about 6 cm, at one end, to a depth
of approximately 5 om., with either the Wwood shavings (a mixture of ocedar and
deal) or orumpled quarter sheets of "The Times" newspaper (July 1952).
Smouldering was then initiated at the exposed end of the train and timing
was started af'ter the smouldering front had travelled about 2 am,
Meesurements were made of the smouldering time over a 3 amy length of train
in nddition to the periocd of time reguired for flaming; +the results are
tobulated below: . "

Table -.-'.';_.

e e St ®

J; -—A-b--.-wv..-s-—-—----u-——n.,.~'-.q.-4-~
By i ni Tsme ey t 1
Mould Layer material Air velocity i;;;i: 21;;1 ;gan, { - ime for fj.anning
cm/sec mins, mins,
c %ood shavings 284 9.8 : 20,3
" n L] 217 12.0 19.0
" " " 180 14.5 23,8
on " 1t ; | 124 | 22.3 4805
t 1 " | 88 | 25,3 65,8
T tt " ; 90 ca 27 3843
n " " ! 6l ' 30,5 18,0
n 0 " : L3 - > 60
i ) 1 still-air - No flaming
9/ Nowspaper 119 va 21 31,8
A 85 - 39,0
- i ‘ =

(4he 7 amfseC = 1 1eDok: )

A series of photographs from a demonstration experiment, on a larger scale, is
given in Plate 3, '

It may be seen from the results given above that although trains of the
beech sawdust were not able to produce flaming in themselves, they ocould
cause other materials to inflame under very small airflows, Thus the
minimum air velocity required to produce flaming in wood shavings from a
smouldering beech sawdust trein (mould D) is less than A® an/sec; in
addition, the total time required is over 1 hr, whioh dould be greatly
lengthened by increasing from 6 am, the distance travelled by the
snouldering front along the uncovered portion of the train,

In view of the obvious practiocal importance of these results it is
considered that more detailed investigations are required, with partioular
regerd to the relative sizes of the train and covering layer as well as the
nature of the latter material,
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PLATE. |. COMBUSTION CHAMBER AND ADJOINING
SECTION OF WIND TUNNEL

PLATE.2. SMOULDERING TRAIN IN POSITION



Glowing cigarette end dropped
upon sawdust train
( O min)

I il V. e
Smouldering zone advancing
along train

(30min)

Flame appeared in shavings |
(8Smin 8 sec)

o | el . daaa

Spread of smouldering into
sawdust
(15min )

Smouldering zone entered

heap of shavings
(60min)

Shavings well alight
(8Smin 22 sec)

PLATE.3. DEVELOPMENT OF FIRE IN A TRAIN OF BEECH
SAWDUST COVERED WITH DEAL WOOD SHAVINGS
UNDER AN AIR DRAUGHT OF 2 M.P H.





