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PART I, ' BEECH AlD DRAL Si/DUSTS IN STILL AIR
by
¥F. B, T. {ingman and E, iI. Palmer

Summary

e s 2 e

The smouldering of beech and deal sawdusts in still
air has been investigated, The dusts were farmed into
small trains and the linesr rete of propagation of
smouldering weasured, mhis rate was slow and was not
matericlly sffected by varigtions in packing density,
pariicle 31ze, moisture content or size of train »rovided
thot the lotter is greater than s certain criticol value,
depsnding chiefly upon the particle size of the sawdust.
Precticel hppllcatlons of these results ere discussed,

Introduction

A previous investigation (1) has disclosed an olmost complete lack
of information on the phenomenon of smouldering in common combustibles:
in particular, the rote of uropagation and the conditions necessary for
sustained smouldering hove not been determined. Apart from its value
in the theory of solid combustion, such knowledge would be of the
greatest assistance in the examination of the develooment of fires,
Thus, there are many instauces of considerable time intervels between
the lotest nossible time of ignition and the observed outbreck of fire,
especially with stacked materiols. In such cases, spontoneous ignition
is often recorded as the cause of firc, purely on the besiv of the {ime
lag between cny possibility of ignition by an extermal source end the
outhreak of fire, I sustoined smouldering can occur ot o very low
rote of propagotion, however, it offers an clternative explanation of
such fires, It is, therefore, cssenticl to lmow vhich materials are
able to sustain smouldsrlng and clso the rate at whlch it can propogote
in those materieis.

An investigotion of the properties of smoulidering in some common
combustible dusts and fibrous matericls hes been storted ond this note
describes experiments upon sowdusts of English beech (Fogus sylvotica)
ond white deal (Picen excelSﬂ) Hood sawdust was used as it is o very
‘common combustible and following consultation with the Forest Producis
Research Leboratory, beech wes chosen as o stondard becanse:

N ’ '
(i) it is reletively homogeneous, there is liitle difference
: between sapwood and.heartwood
(ii) it is not resinous and so sieving would not be seriously
affected by cohesion of the particles
(iii) the sawdust pervicles are epproximately cubic and so a given
sieve {raction contains uniiomm particles. :

.
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The beech sawdust was formed into small trains and the effects of
packing density, »article size, train size and moisture content upon
the rate of smouldering were studied indenendently. Some experiments
were repeated using deal sawdust, a softer resinous wood, in crder to
determine whether any marked differencés in behaviour between hard and
soft woods existed. All the experiments recorded here were carried
out in still air, at atwospheric vressure and temperature.

. .
L

BExperimental

The becch sawdust was prepared and sieved from seasoned timber,
by the forest Products Rescarch Laboratory, into the fractions showm
in Table 1, ihe moisture contents of the various fractions, as received,
arc also given; they were devermined by mcasuring the weight loss of
1 gm samples affter heating to congtant weipht in o hot air oven at
105°¢, Beating for 1 hr, was found to be sulficient,

Table 1

Characteristics of the besch sawdust

| Sieve fraction | kican particle diemeter | Moisture content
LHH ] cw o
] 20 - 40 ! 0-0476 9.4
Lo - 60 1' 0-0265 G.8
60 - 80 ! 0.0185 ; 9e1,
80 - 100 0-0143 ; 9+8
100 - 120 i . 001186 ; 9.7

o rer e
»

For some experiments the moisture content of the beech was
increcsed above that shown in Table 1 by leaving the sawdust over
woter for several deys in an evacunted vessel; moisture contents up
to 24l were obitcined by this method.

The deal sawdust was produced by o fine-toothed circuler saw and
wes then sieved into four frections, detedls of vhich are given in
Table 2; the portiun which did not pass a mesh of 12 B,3. wos discarded,
The moisture contents of the veriocus fractions were determined as befare
énd are shown in Table 2, no experiments were corried out using decl
scvidust with increcsed moisture coitents,

Tobie 2

—

Cheracteristics of the deal sawdust

B

Sieve fraction i lean porticle diometer | ioisture content

| |

] B. S. [ am 5 g
| | |
| i |
| 12- 25 ; 0-0492 , 11.9 3
; 25 - 60 i 0+ 0L2Y | 116 |
L -T2 00031 { 9+0 }
i 72 - 120 - 0-0168 ; ©:8 g

1 '
N 1

— a0 SV L 38 L 2 e 2 i

The beech end deal sawdusts were formed into small trcins, frem
moulds, in arder to facilitote meosurcament of the rute of propegaticn
of smouldering; one of thc woulds is shown in Flate 1 (ieft). The
moulds were of sheet wmetcl, with sloping ends, ond their cross-sections
were segments of circles, Eech was 15 - 16 cm. in length; other
dimensions ere given in Toble 3.

1
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Table 3

Dimensgions of the moulds used in the
deterninations of smouldering rates

tiould | Top width Vertical depth slong centre
: cm i cm
: —
A 1*35 0+30
B 2+35 0-80
| C ! 3+55 1+00
i D {510 1465
LB 7°25 2+40
Foo 9:.85 | 370 |
! ' .J

Two wedge-shaped moulds with sloning bases were used, in addition,
in order to determine the minimum thicknesses for sustained smouldering
in layers of the various grades of sawdust; one of the moulds (¥) is
shovn in Plate 1 (right). fThe dimensions of these woulds, which vere
of trapezoidal cross-section, are given in Table k.,

Teble 4

Dimensions of the wedge moulds

: i !
| tiould | Base width } Vertical depths at ends !
[l cin cm {!
: —_— |
! 5
LY 5270 1470 and 0°00 !
i 2 570 5°40 and 1.0 t

The same experimental procedure for determination of the rote of
propagation of swouldering wos used with both woods: the reqguired
amount of sawdust was weighed out, gently poured into the mould, and
levelled by runaing = soetule slong the top of the mould. '

In order to produce the higher packing densities it was found
necessery 10 use o conslidersble compressive force, this woas obleined
by placing & metal wiote over the top of the mould end clamping in a
sacll vice. The contents of the mould were turned out on to &
strip of previousiy dried asbestos millboard, any verticcl expansion
or contraction of the train messured, and the smouldoring was then
initiated by a small gos flame, The combustion zone was allowed to
advence 2-3 cu along the train before timing commenced; the time of
travel was then measured at centimetre intervels over a total distance
of 10 cm, the mean time ver cm being taken as the "burning time,"

If the smouldering ceased before the 10 ecm were comrieted the train
was classified as "not smouldering. "

The wedge moulds were filled with undried sawdust at a medium
packing density end trains were formed as above; smouldering wos
initisted ot the thicker end of the trrins end the height of sawdust
was measured, to the nesarest mm, ot the point where combustion ceased.

411 experiments were corried out in a draught-Ifree fume cupboard.



Results

Lo
tr

In the determinctions of the rates of smouldering, with moulds

A-# (Teble 3), it was found that the combusticn zones advenced ab
uniform rates along the treins vhich underwent sustoined smouldering,
whether the scwdust was bsech or denl; thus the burning time (mins/cm)
wos independent of the distance trawelled aleong the troin. The
smouldering of a train of beech sexrdust from mould D is shown in Plate 2:
the sherp division between the burnt and unburnt portions is ecsily
vigible; Plate 3 shows a similar train that nas burnt out, the sawdust
being reduced completely to esh except at the edges of the troin,

The combustion zones of troins vhich borely sustoined smouldering
were relatively ncrrower thon that shovm in Plote 2 and tended to
viender leterally, en exomple of this behoviour is shovm in Plote 4 where
smouldering has ceased within the train., 7The burning times of these
trains, calculated from measurements of the actual path of the snouldering,
vere in egreement with the results from the experiments in which
combustion proceeded steadily.

The burning times of both the beech and deal trains were reoroducible
to within + 5/5 in eny particular trein, however, the veriation over
the 10 cm length was smaller and was less than that involved in the
estimation of the position of the combustion zone,

wfect of packing density The effect of packing density upon the
smouldering rate was investigated for £ll sieve fractions of the
undried beech savidust snd the results are showm in fig. 1, where the
burning time is plotted against thz packing derwity (calculated on the
dry weight basisg- A1 trains were formed from the same mould (D, 5 cm
in width), which was the smellesgt to give sustoined smouldering in the
coorsest fraction of sawdusi: conseguently the number of experiments with
the finest froctions was restricted by the guantity of these gredes
evailable. The effect of packing density upon the smouldering of dried
deal sewdust is shown in fig. 2, the treins being formed from mould E
with the 12 - 25 B.S. sieve fracticn; the scowdust wos dried by heating
in the oven at 105°C for 1 hour, accompanied by occasional stirring,.

fect of train size and particle gize of beech sawdust Ixperiments
vwere carried out on the undried beech sawdust to determine the effect
of the particle size and tririn size on the rate of smouldering. These
tests were carried out at two volues of the vacking density (high end -
low) and the results sre shovn in Toble 5. In some experiments at the
ltigher density however, the trains expanded ofter farmetion, so that
the final density was intermediote between the high and low volues,
the results of these experiments are werked by an asterisk in the
teble, The results obtesined from trains of low packing density and
varying particle size from mould D are shovm also in fig, 3; a similar.
curve was ©Obtained with trains of high paclking density.
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Table 5

The burning times (mins/cm) of
trains of undried beech sawdust

Burning time with Trains from mould
Sawdust | Packing _ :
fraction | densgity A : B . C D E T
D;ﬁii.
Low n,s n.s s | 11,1 11.3 ] 10.3
20-40
High n,s n,s n,s { 11,1 { 11,6 -
Low n, s n.s N, s 10.5EE 1.0 -
10-60 : - ’ ,
High n,s n, s n,s | 10.7 - -
_ -
Low n,s n,s n.s 9.9% 10.3 -
60-80
High - n.s n,s | 11,9 10,4 - -
|
4
Low n.s |{9.5)i 10.8 1 9.1 - -
80-100 ' -
High . n.s 9.5 | 10.2 9.8 - -
: |
. T
; Low ns | - - 8.9 -~ -
L ] ! f —
| 100-120 | ( 1 i ;
! s High , i, s I a.0™) - 1 9.9 - E -
| ! ) { |
NOTES

Low »packing density: ;IT‘ 0.25 gm/ml

High ft H “‘-::L O. 28 1] 1

#denotes measurement upon trains of medium packing density
(0.26 ~ 0.27 gm/ml), '

n,s denotes "no sustained smouldering"

-~ denotes '"not determinedt o

( ) denotes measurements doubtful owing to lateral wandering

of' the combustion zone.

iany of' the trains, including those which did not give sustained
smouldering, were found to burn with a flame for periods up to 30 sec.
af'ter the initial application of the pilot gos flome. The gas flame
was used as a source of ignition because it tended to give even zones
of smouldering ecross the whole width of the trains. The flames
appearing upon the sewdust, during ignition by ges, were blue in colour .
and slowly decreased in size as extinction was approached; they vere
probebly caused by the ignition of the volatile weterials evolved in
the smoke during the initicl onmplication of the pilot light to the wood,
Smouldering ond flaming were initiated simultanesously by the pilot
flsme, but the former_did not produce sufficient smoke to maintain flame
after the initial evolution of volatiles had subsided; thus floming wes
not sustcined.

Smouldering in some troins could be initisted by o gloving
cigarette-end, this method would not have produced flaming.
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Effect of the moisture content of the beech sawdust A series of samples

of beech sawdust with moisture contents varying from 0 - 24% were
The effect of the moisture content

prepered as described earlier.

upon the burning times of two sieve fractlons is shown in fig, &, the
relationship between burning time and moiature content being apprcximately

lincar.,

In these experiments the dry weight packing density cf the
™ains which

trains was kept et a constant low velue (0.24% gu/ml).
sustained smouldering with difficulty
when constituted of beech sawdust with the orlginal meistuvre content
(mable 1), burned more strongly when dried sawdust was used;
increased moisture contents often rendered them "mon-smouldering'.

(i.e. showed pronounced wandering),

conversely,

some extent, dependent upon the moisture content of the sawdust.

e

‘minimum size of train able to sustain smouldering was, therefore, to

Purther experiments vith Geal sawdust The effects of train and particle

sizes upon the rate of propagation of smouldering were elso investigated
with deal sawdust, both dried and undried, at low and high dry weignt
7he burning times observed are shovm in Table 6;

pecking densities,

the velues given are corrected for the extra distance travelled during
the laoteral wendering of the combustion zone ia trains which only

sustoined smouldering with difficulty.

Table 6

The burning times (mins/cm) of trains
of undried cond dried desl sowdust

|
| MOULD A B s Do B F
1 l
1 ] i i 1
Sowdust | Packing Un-; Un- Un-! U~ U Un-
; fraction densitf driederied dried|Dried [driedi Dried driudlrried(ﬁied Dried{driedIried
| B.S. ‘ !
Low n.s | .8 | n,s, n.s !'n.si n.s| n.s! n.s [.s | n.s{ 11.8] 2.3
12 - 25 - -
High n.s ! n.s| n.s! ns | n.s| nes i ns! n.s 3.4 [11.5 ] 13.4110.5
~Low n.s i n.s| n.s| n,s jnsj nsj| nsy 7.8;9.0¢ 8.5 10.2! 7.4
25 - 60 .
High n.s:! n,s| n.sj n,s ; ns! n,s|10.6] 8.2 [10.1 3.0 | 10.31 8.4
Low n.s E n,s| n.sl n.s | ns! mus| 5.7) 5.7}6.6 5.6 - -
60 - 72 :
High N.s| N.s| nN.8i n.s - - - - - - - -
i |
i Low ns! n.s| nesi 4.6 6,2 » 5.1 6.2! 5.1 = - - -
| ; } { ) 1 L
72 - 12d , ; 3 | r
! High | n.s! n.s| =1 = O -1 - -] - - -
= N _ OSSO N S
NOLES
Low packing dencity: 0,45 ga/ml
High " 0,22 n n

The wmoisture contents of the sieve fractions of the
undried sawdust ore given in Table 2.
was prepered from undried sawdust by heating at 105°C to
constant weight, .
Other abbreviciions cs in Table 5.

“he dried sowdust
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The minimum height of train necessany for sustained smouldering
to occur was investigated with the wedge moulds (¥,2) using all sieve
fractions of the beech and deal sawdusts; measurements were not taken
upon trains in which the smoulderiaz zone nad wandered to the edge and
extinguished since combustion might have continued if the train were
wider, The resuits of these expariments with both types of.wood, are
shovm in fig, 5; the point "i" was obtained from weasurements upon a
train composed of a mixturs of equal wzights of the 12-25 and 25-60 B.S, deal
sawdust fractions in order to procure an approximate result ”or ain
intermediste particle diameter.

It was noticed during all the experiments with deal sawdust that
the smoke evolved during the smouldering was considerably more resinocus
then that produced- by beech sawdust and caused heavier condensation of
tarry meterioals in the fume cupbosrd; the smoke from deal sawdust elso
seemed to ignite more readily than that from beech.

Discussion

As beech is a homogeneous wood it was expected that the various
sieved fractions of the sawdust would have identical compositions;
this was supported by the uniform resulis obtained in the moisture
content determinations given in Teble 1, Veriations in the composition
of different sieve fractions would be produced with less homogeneous
woods, since during the sawing the hcrder portions-would tend to yieid
finer sawdust then the softer parts; sgain, highly resinous perts wmey
react to sowing in a different momer to the remainder. Consequently,
the various sieve fractions of the deel sawlust were less uniform in
composition than those of beech; also the porticle diometer of the
decl sewdust was lmovm less prec1sely owing to the more aciculcr farm
of the p.rtlcles. The variction in the sieve fractions of the decl
sawdust 1ls apperent in their non-uniform moisture contents (Toble 2).

The efif'ect of variation in packing density uwoon the burning time
of . beech sawdust, shovm 'in fig., 1, was slight for all the sieve fractions;
the meximum variation for o given particle size was not more than that
to be expected from experimental error (+ B,Q ard so the moxima obtained
in the curves moy not be siznificont, With the deal sowdust o lineor
relationship was obtained (*16- 2), olthough the burning time incressed
by only 13,vof its lowest value ithroughout the entire range of paocking
density; +thot is from the lowest to the highest value thot could be
obtained by using o vice for compressing (an incresse of 25,3, Since
the burning time is the reciprocal of the linear smouldering rete
(em/min}, it follows for both bsech and deal sovdust thet as the phckl1g
density incresses the moss rate of smouldering {egm/min) also incrcases
cnd so the tempercture of the combustion zone elso probably rlscs.

The increcse in the burning time of beech sawdust with increase
in perticle size is shown in Table 5 and fig, 3; it is.olso evident
in fig. 1. The increcse wos smcll over the renge of perticles
investigoted, for exomple in trains from mould D it increased from
8:9 min/cm to 10¢9 min/cin whilst the perticle size was increased by
3005 from 0-012 cm to 0+CL6 o (fig. 3); howevér with very swmall
perticle sizes (less then 107° an) the relative increase in burning
time mey be grester, The rcaults of similor experiments with deal
sewdust (Pable 6) sre less significent owing to the proboble verictions
in composition of the sieve fractions but the general trend wos similar
to that Observed with the beech.

The effect of the moisture content of tha wecd upon the burning
times of beech savrdust wes inwvestigeoted and the results, given in fig. 4,
show that the burning time increasss approximately linearly with moisture
content over a wide range; although an increcse in moisture content
from Ojv to 24, produces only a small increase of 3 - L4 min/em in the
burning time. DBIxperiments with deal sawdust showéed tlwt drying decreased
the burning time (Pable 6) but, cs no exceptiondl beheviour was evident,
a more detailed investigation wes not underteken,
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With neither the beech nor the deal sawdust was there any indication
thet the size of the train hed any material effect on the burning time;
in Tebles 5 and 6 there ere slight voriations in the burning. time but
they are hophozerd and within the limits of experimentel error, The .
size of the train did, however, dstermine whether smouldering could be
sustained; thus no traln formed from the smallest mould (A) with
gither beech or deal sawdust would support ccntinuous smouldering, although
initial, trensient, flaming wos possible, The results obtained from
experlments with the wedge-sheped moulds (Y and 2) showed that a leyer
of sawdust would not sustain smouldering if its depth were less than a
certain critical value, depending mainly upon the particle size of the
sawdust; changes of packing density and moisture content produced only
slight effects as may be seen from Tables 5 and 6, It is shown in
fig. 5 that these critical depths ere related linearly to the particle
size over the range investigated, within the limits of experlmontal
error (+ 1 mm) the position of the point M (obtained by mlxlng twao
sieve fractlons) indicates that a mixture of sawdusts of various particle
sizes will probably have a critical depth equal to the weighted mean of
the criticel depths of its components, .The velues obtained with the
wedge moulds for the critical depths of the various sswdust fractions
were consistent with thosc which may be deduced from Tables 5 ond 6 ond
the dimensions of the moulds A - F. The smouldering. of trains slightly
dceper than the criticel value was characterised by the wandering end
nerrowing of the combustion zones and it is probable that the critical
depth is indcpendent of the width in o horizontal loyer, It is noteworthy
that, within the limits of experimental error, the burning times of
tralns with erratic smouldering (wondering of the combustion zone). were
the same as those of deepcr trains in which amouldering weos mointeined
without difficulty; thus a leyer of sawduet will either not support
susteined smouldering or will propagato it at o rate indepondent of the
depth of the layer.

The experiments described in this note have shown thot the burning
timec of either the beech or the deal sawdust was nol materiolly affocted
by changes in packing density, particle size, moisture content or size
of trein provided that the latter is greater than a certzin critierl
velue, deponding mainly upon the particle size, In the investigation
of the initinl stoges of fircs which may hove resulted from smouldering,
those propertics have a considerable practical velue becouse it is
possible to obthln on approximete figure for the rate of propagetion of
smouldering Wthh is. 1ndepcndﬂnt of the condition of the sawdust, It
was also shown with some treins that smouldering cculd be initiated by

a glowing cigarette-end.

The effect of veriations in the conditions of combustion, especially.
the effect of draught ond the trensition from glowing to flaming o
combustion, remeins to be investigated in detoil., Preliminary experi- . .
ments with o wind tunnel showed that the rate of smculdering of beech
sowdust is markedly cltored by a draught, o sevenfold increase being
obtained with on sirflow of 8 m,p.h. Future projects include measure-
ments of the temperature of combustion ond investigetions of the
smouldering of other dusts ond Jute cloth.

Coneclusions

The work so far carried cut has been concerned with smouldering
in still eir, the main points arising from the results are:

1. Steady smouldering may be initinsted in beech and deal sawdusts
and its rate of propagation is very slcew comprred to the rate of spread
of flaome.

2. The rate of smouldering is not appreciably cffected by
voriastions in packing density, particle size, moisturc content or train
size prov1ded thnt the depth of the train is greoter then a critical
volue which is related to the partlcle size of the sawdust.
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3, Smouldering was easily initiated, e.g. by a cigarette end, and
so it may be the first stage of development in many fires.
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