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'l'he smouldering of cork dust in an air drE!.ught has beci1 investigated
v7ith dus't fractions whose mean pcrticle sizes ranged from O.OJ65 Gill to
O· 4B cm. Over this wide rD.nge the rela-cion betrlccn 'che rate of smouldering
of dust tre.ins e.nd the velocitJr of the applied air Vias shovm to V8I3T

il1e.J:·kedly; and it is probab18 "chat differences in tho relD:i;ions ob'~C',"ined

)reviously Vii"~h other dusts Here due~ at leas'i; in part, to the differences
in the pox'cicle sizes of those Gusts. ':iith the finer carl: f-r<:',ctial1s the
appearance of the smouldering did not dif'f'er t~Klrkedly froiil "(,l1[~·t of other
dus'cs, but with the courser corle f::.....L.ctions the smouldering bec[J!1e L110re

vigorous vdth copious evolutj.on of smoke and in"~ense gloY/ing uhich led
to the development of' flaming under an H,iI' draught. Vi,sorous silloulderinD
develo:;ed in tIle verJT coarse fractions) even in still oir.

;1:he effect of' airflow upon the sn!.Qulderine; re.te Y: f'.. s less mr..r~·:::cd

when the airi'low and the pro~)[:.gatio;'1 o~> smoulderine Viere in opposing
directions, 'chus preventinG "C!18 air frOiH im:,/inginc directly upon the
Si"l1ouldering zone, and it therefol~e seems ~')robo.ble tha:c the vigorous
smouldering noted above resulted f:,:·o"1 the ease :/i';;h Vlhich D.:Lr could
penetrate betTIeen the particles of cocrse dusts.

'1'he minimum depth of dust l?yer for sustained smouldering in still
air increased with particle size for the finer frnctions, nJ~ched a pe~c

vnlue, and then decreased again with course fro.ctions when the smouldering
became more vigorous. 'l'here vms no indication thc.t corl: c1lLS·t lai~ht be 'coo
coarse to smoulder.
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SMOULDERInG n:: DUsrS iCtID FIBROUS H.LTEl:UB,s
PiffiT X. COE( DUS:P UliDER /...IPclf'LO".:' C01iDI'::.'IONS

.i\.. :6. Palmer and 1.1.. I). Perr;;r

In't;;()GuctioYl_ ...~ ~ ..... '~ 0.,. ... ...

The exper-irnerrca'l progr-am.."TIe on t[l~ cmo'.\J d8:':i~~g of var-icun dus'cs
and fibre in;:ll,l.lD.~ion boards has been r;;:po:,:-tf';d ill previous nO'C03 in
this series \ 1-7). The exper-iment s d3S0rib3G have shown that
smouldering combustion may pr-esent Do. conai.der-ab.le fire hazard, particulnrly
in industrial premises, war-ehouses , etc. where combustible dust deposits
me.y accumulate. If the dust then becomes ignited, it may smoul.der- for a
lengthy period before flaming and a r apf.d spread of' ;t'ire develop. Thus,
it has been shown that smouldering may often be initiated by a small source
of ip,nition, such [,S a :?;lolling cigc.ret"ce end, and will then propagatie
slonly through the combus'~iiJle. :i.'he smoul.dez-Lng C8.':'1 then Lead to open
flaming on coming into ccrrc act wi'cn materiD.l such as wood shavings,
newspClper, aackmg, etc. under condi.td.ons of a slight air draught.

Smouldering rates in still ~ir are usually slow and are speeded
Uy eonsidere.bly on applying an air draught in the same direction [LS
the propQgation of smouldering. Tl~ relations between the ~?plied Qir
velocit~/ 0.nd the smoul.derIng time (the t i.me required for the STllouldering
to travel 1 em) have been studied with several dusts and fibre boards ;
the results ocbai.ned L.1D..y be divided into two groups as follows:

~E~~2.fJ those ~07r) fibre insulation boards (6), povwered grass
dusts end COC02. dust I, in which the relation between the smouldering
time S (sec/cm) end the air velocity V (Ciysec) over -ehe velocitj'
range investigated is appr'oximabeky of the fOrl,l

•••••• I Cl . (i)

..
"..

where a is a constiarrt and n is in the range O· 38-0· 78.

r.L'his equation is similar in f'or-m to that derived theo~e-"ically

'and confirmed experimentally 03' Hottel and his co-vorker-s \ 8) for the
combustion rate of a carbon sphere suspeaued in Do furnace and exposed
to a measured current of air; in the derivation of the equation the
diffusion of oxygen onto the surface of the combustible was assumed to
be the rate determining process. The relationship of this result -to
those obtained tOn th~ previous exper-Imerrts on smouldering has a Ir-eady
been discussed 4, 6).

I~ the rate of smouldering is governed solely o;r the maas rate of
transport of oxygen to the surface then the smouldering time mi.c;ht be
affected by the distribution of the combuatab.l,e (i.e. -Co t he r['c'cio of
the mass 0:2 the combustible to the area o-{: it exposed to the air).
F~)eriments upon strips of fibro(insulat~on board ~nd ·trains of grass.
dust under still air conditions 2, 3, 7) have shown that the
smouldering time does depend on the size of the specimen strip or
train 'with these materials.

.
It should be noted that tIre .gr3ES and COCOD. dusts used were of

very small particle size, a conedder-cble proportion paas ing a
2J.~O B, S. (or 200 1.1'4 j,f.) mesh. . .

g.!'.2~J2~.llo: those for beech and deal eawdusba (4) in wlu.ch the
relation between the smouldering time S and the air velocity V,
over' the velocity range tested, is approximc.tely of tho form

. log (3/30 ) = -mY ••••••••• '•• ~ .:."~ •• ~. (ii)

where m is a positive constant and So is the value of the
smouldering time at zero incident air velocity (i.e. S> So).
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,,~n the dependence of smouldering time (8) upon air velocity (V)
m~' be expressed as in Equation (ii), the sensitivity of S to changes
in V is appreciably greater than Vlhen the dependence may be expressed
as in F,';[uation (i), particularly at higher air velocities. Thus the
effect of airflow upon the smouldering time cf '~he sawdusts was in
general greater, relative '1;0 the still c,:i.r vruue , than for f'Lbreboard

·or grass and cocoa dusts. A furthsr pcil:-: of d:tffe~:'ci1C:c w:i:th t.he
so.wdusts is t hat the smoul-~er;·!..;::g '~imes 01" the 1;:r·U).n~ i.n still H:i.Y' \7el-'e
independent of trc.in size t I, II.), wi thin t;~·3 l~mi ·:;3 of ezporo.mcntc l
error. This behaviour is again aifferE;~t from tht:..t of' grass and cocoa
dust.

It should be noted that th8 sawdusts Vlere coeIser than the grass
or cocoa, the finest fraction used being 100-120 I.1I.M.

The possibility. existed that the difference in behaviour of the
smouldering of the sawdusts and other dusts were only of degree and
that they were due principally to the differences in me an particle size
of the two sets of dusts. 1'he inference Vias that with the coarser dusts
(sawdusts) the air current impinGing upon the smouldering zones was
more easily able to penetrate between individual dust particles, instead
of being deflected by a comparatively solid front of combustible as with
fibre board or trains of very fine dust. The smouldering of coarse
dusts might then be more rapid owing to the increased supply of air to
the smouldering zone. This vas s~pported by previous observations on
the beech and deal sawdusts l4, 5) showing tlmt the effect of airflow
on the rate of smouldering was proportionately greatest with the coarsest
fractions of dust. ',then there is a rapid increase in smouldering rate
.7ith r.irflow greater concentrations of Lnf'Lcnmab.Ie vapour, smoke , etc.
distilled from the combustible are produced near the smouldering zone
and may ignite to produce flames. li'lcming had already developed on a
few occasaona with the coarsest fraction of deal acwduat ('12··25 B.S.) (5).

The work described in the present note was undertaken with cork as
. a combustible because it was rnr.dily available in a wide runge of
particle sizes and it was also one of the more rapidly smoul~erin8

materials (in fine fractions). A disadvantage of' '~his dust was that
its composition might change with particle size to some extent, so thn.t
detailed comparisons of the behaviour of the sieve fractions shoul~ be
made with caution. In the main series of experiments a study was made
of the general form of' the relationship between smouldering t~ne and
air velocity and its dependence upon the particle size of the dust,
using the entire runge of sieve fractions. "\fith the coar-sesc fractions
further consideration was given to the importnnt transition from
mnouldering to flaming, in greater detail tItan in previous experiments.

In addition to the above experiments, in which the propagation of
smouldering and the airflow were in the same direction, a brief
investigation was also made of trains YQth the airflow opposing tlw
smouldering (reverse flow). Under these conditions tlw smouldering
zone was protected from the airflow direc'cly, by 'che unburned dust,
except on the surface of the train, and so any bulle movement of air
into the smouldering zone was reduced. The behaviour of several'dust
fractions was investigated in these experiments.

A determination of the effect of train size upon the smouldering
time of a fine cork dust was maGe under still air conditions, fo~

comparison with the results obtained previously YQth grass dust l7),
mentioned above.

Determinations wer-e also made of the rmnainum depth of dust layer
required for sustained smouldering in still air, and its reduction
under an air draught.

•

•
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The cork dust used in the experiments came from two different
sources. Corte A, a fine industrial dust vr;:ry similar in char-acter- to
that used in the earlier still air work (2), was obtained through
Safety in Mines Research Establishment, Euxton, and was sieved in~o the
fractions listed below ('fable t), Cori: B was a commercial granul.abed '
ma.terie~, specified as having a particle size of.' l Ln, D.."1d 3.:f:-~er either
sieving or milling followed by sieving t he 25-60 B.~1. and cO;:J.rS~l·

fractions listed below (Table 1) were separated. j~ter collection,
each fraction was thoroughly mixed ~nQ its moisture content determined
by the method descrdbed previously \ 1). The mean particle diameters
and moisture contents of the fn'.ctions and the dry weight packing
densities used in the experiments are also tabulated below:

'fable 1----
Characteristics of the various dust fractions

Dust
M':lan particle

diameter
em

cork A through 240 B. S. (0.0065 i 8.8 0·18
I

120-240 B. s. 0.0095 I 8·6 0.13
72-120 B. S. I 0.017 I 8·3 0.11
60-72 B'S-1 0.023 I 8·3 o- 1')

I

25-60 B.s. , 0·043 ~ 6·7 0·09
i

-~------"j
I ._----- -_....__ ..
I

I.- I

Cork B 25-60 B.S. I 0·043 I 3'4 0·06
12,:",,25 3. S. I 0.10 i 2-2 0·07

7-12 B.S. i 0·19 i 2.ll- 0·07
o- 48-0· 24 cm 1 o- 36 4· 2 0·07

>0·48 em I >0'48 4· 2 0·07

._---- ' ,.----..._~-~-_----.-.._-... ... --_ ..._...._'_._.~--

In the deteFminations of smouldering rates the trains of cork dust
wer-e formed' filtther from the small metal moulds A-E used in earlier
experiments \ } or from some new larger ones (£E-GG). 'r11e new moulds
had sides of smaller slope to enable trains formed from them to withstand
higher air velocities without er oed.on. Some dimensions of these moulds
are tabulated below.

Table 2

Mould dimensions

-_._._••_~----_.- i· ---.--.._------ .---._~_..... -......-:,

1 Mould A I B i C i D ! E f ZE i 11'11 l' GG I
~ ! , I I

I ~op width --~-
• 11·3 17. 6 26. 1 Ii em I , ' I
j-' : ( I

--+--.- - b • ~__~._ j '~'---"'"I'1 j: i 'I Vertical depth! i ' j I :; I
, along centre 0·30 j o.so: 1'00; 1·65; 2·40: 2-401 3·70 'I 5·70 I
I em I:! ,I I
~ . ! ' ' l
b .... .. ~ ..
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Ml additional mould (ZZ) was also made for the decormanataons of
the lnin~n~~ depth of dust l~Ter required for sustained smouldering;
detail!:! of tp:i.a and other moulds are given below.

Dimensions of wedge mculns

_._. ._........__.-...~_~_..-.._ ..._ ....~._. .·40 ..-..._,_.•_ .••_~·L+_._~ .._._· ......._ ...... __ ...__
l i .
~I' Mould 1 Y i Z i zz

I .

r:: -iath--------r--- ~-~~-~--l---·~· ~------ ----·-~-·~-----·-·-I

r;
---· -·-----~·-t---~· ·--~··-- T------- -_ ... +--------..-.-----..,~._."!

, I.
Vertical depth at ! 1·70 and 0.001 3'40 and 1.40 ! 5·20 und 2·80 !

i ends cm; ~ I :------_ ' _.--._ '--' .-.---_ _---------.- '-.. -_. , - , ~-~ _.- _._.~ _-- -- _._ -

The two wind tunnels used in the experiments, under airfloVI
conditions were of 5 in. x 5 in. und 13 in. x i3 in. cross-section
respectively; -some(det~ls of the construction of these tunnels h~ve

already been given 4, 9).

Procedure. The experimental procedure in the f'crmat.Lon of the carl:
dusttru'ins was the SDit1e )as -ehat previously employed. with other dusts
and described earlier ,1. !~ before, smouldering was initiated ut
one end of the dust trl.'..in, across the whole vridth, by a small ~8.s f'Lame,
With some of the coarse fractions smouldering was initi1;J.ted first in a
train of finer dust which led into the coarser material; in this way 6.

more regular smouldering zone was obtained.

~~t of p-rflE~~:p£.~!!!:?~fj;::E_nllt?:~~_. 'l'he main series of expez-tmenbs
was concerned with the effect of an incident air draught upon the
smouldering time of cork dust, the airflow ~nd propugl.'..tion of smouldering
being in the same direction, and was carr-Led out using aLl, the ten sieve
fractions described in Table 1. '1'11e results for t hr-ee of the finer
fractions, from cork sample A) are given in }I-lgure s 1-3, the smoufder'Lng
time being plotted on a logaritihmi,c scale; the results obtrdncd with
the remaining fractions from this sample (120-240 B.G. w1d 60-72 B.S.)
Here intermediate in char-c.cter- between those of the ad jacent fr~_ctions.

l~urther results ar-e given in :h?gures 3 and 4 for all the fractions
obtained from the granulated cork sample B; the details of the moulds
used are given in the Li~gures in each case.

~~.~::mc~ EL.l.he-irai~. 'I'he appearance of the smoulder-Ing produced
in the finer fractions, from corle sample A, exhibited slight vari~tion

with particle size. In still air tre finest fraction (through 240 B. S. )
burned away to a sffi&.ll D.Il10lU1t of grey ash, whereas the residue from the
25-60 B.S, fraction was blade and friable and of about the same VOlU!11C
us the dust initially. This carbonised residue, however, burned O,y.ay
with visible glmling under airflows in excess of about 150 ci~sec.

. ,

Much more marked variation was obtained .ri th the conrser fractions,
from sample B. Thus the 12-25 and 7-12 B.S. ,fractions smouldered very
slowly in still air (:i!'igure 4), the surface of the trains being unmarked
except for D. slight darkenf.ng along the centre. The smoke evolution was
less than with the finer fractions, although the trc..ins were larger,
Carbonisation of the surface of the trains occurred with the 12-25 B.S.
fraction at air velocities above 120 cm/sec, and this burned away
completely, with visible glor.d.ng, under an airflow of 196 cm/sec.
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"ith an airflO'!, of 130 cm/sec the 12-25 };.S. frl'.cUon suou.ldered irregularly,
short spurts of rapid glowing combustion being interrupted by 10:13 periods
of s Iow ccxbonisation, and no si2,nifican·~ value for the smou.Iderd.ng tirllG
could be measured at this velocity (1'1.3UI'e l~). Visible glowing Vias also
obtained with the 7-12 B.S. fraction at airflows of 53 c[~sec and above.
The very coarse fractions, 0'48-0'24 em and >0'48 cm, smoul~ered with
visible glowing in still air, more rapidly than 'che 7-'12 and " 2-25 B. S.
fractions. There was very little residue.

Develop~nt_9f.fl~lin.B... 'rhe visible glOWing of' 'cr£; coarse f'riwcions was
accompanied by a mar-ked Lnczeaae in t:l8 volume of smoke evolved, and the
trm1sition from smouldering to flaming occurred frequently under airflow
conditions "ith the 7-12 B.S. and coar-ser- fractions. In some cases
flaming did not develop lli,til sufficient of the trains had burned for a
deterraination of the smouldering rate to be made; such values of smouldering
time are marked "f'" in Figure 4. At higher til' velocities f1.:lming developed
soon after the exposure of the trains to the dro.ught and no value of
smouldering time could be measured. Each of the results given in Pigure 4
is based on one experimental determination only. rllli~ing Vias also obtained
with the 12-25 B.S. fraction, but only with Co train from the largest
mould (00), the result being given as a separate point on ~'igure 4. 'I'he
manner in Vlhichflaming appeared did not VDX"J noticeably with particle
size of the dust and the transition from smouldering usually carne about
in one of trio ways: either from the ignition of the smoke in the centre
of the smouldering zone or from the ignihon of apparently unburrrt
material left behind by the smouldering zone at the side of the tmin•.
H was not clear whether the actual ignition was due to radidion from
the glowing combustion zone or to stro,y sparks.

A series of phobogr-aphs is give,1 in Plate 1: showing the iniUation
of smouldering by a glowing cigarette end in a train of the 72-120 B.S.
fraction; the smouldering then led to fleming in a larger tre.in of
0.4]3-0.24 em dust, under an airflow of' about 2 m.p.h.

'\.i~:r!,9w and smoulde!'j.np, i!l...2Eposing dir!:£.ti0.E..~.. The experiments under­
reverse airflow conditions "ere carried out with trnins of the through
240, 72-120, and 25-60 B.S. fractions of cork oample A fo!~d from
llJo..)uld D. The results are given in Figure 5, where the smouLdez-r.ng time
is again plotted on a logoyithmic scale against the incideni a~I velocity.
The air velocity ranges investigated vrere limited by er-osi.on o~' the dus'~

and particular care was tD2~en to [Hake observations only C,1 und.i.scur-bed
-trains,

!!1ff~~....2f_~r.~i!:_~~~. ..9..1'!... ~rr:9~~2~E?-_n.g_. ~?~~.J..!:. _S~!l*_. ~if·.. Determinations
were made in duplicate of the still air smouldering tim3 of the "through
240 B. S. fraction o~ corle A, using moulds A-E, to provide a (t1ea~ure of
this effect. The results are given in Figure 6 ..here t.he ratio 02 the
area to the perimeter of the cross-section of the trB.in is p'Locced
against smouldering time; some resnlts obtained eerlier for a sample
of powdered grass ~7) are also included for compariRon. The reason for
expressing the results in this manner is discussed later.

Mi!~mum depth for sust~;ine? smo~ering. The variation of minimum
depth in still air with particle size is shown in ~'igL!re 7 c.nd the.
effect of an airflow on the minimwn depth of ty70 fractions of cork A in
~'igure 8. The particle diameters of the extreme :i'ractions of cork
samples A and B (through 240 B.S. and >0.48 em r-espectdve.ly) ~.re, us
an approximation, tal~en in Figure 7 to be equal to the corresponding
sieve apertures. The two coersest fractions again gave visible gLowi.ng
in still air, and as the smouldering we.s more Vigorous tha.'l "it:1 finer
fr~ctions the results are joined by a broken line' in ~~gure 7.

Discussion------
~l!_l§.erinJLtime - air velocit;r Eel.!lti~.. 'I'he dependence oi' the
smouldering rate of corte dust upon the incident air veLoc'i.cy may be
seen from the results given in ]'igures 1-4 to change maz-ked.ly \lith
particle size if this is varied over a sufficiently wide rru1ge.
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Thus as the particle size is increased the smouldering hme ut high air
velocities is progressively reduced until f12~ing develops. fhe
behtNiour of the finest fraction (Figure i) may be represented
approximately by the relation

svn = 0. (a is a constant)

over the velocity range investigated (50-695 em/sec). It has beer,
mentioned in the Introduction that results obtained earlie~ for ~Tass

dust, cocoa dust, and fibre board strips may also be rcprescn·(-.::::d !)y 8J1

equation of this type (Equation (i)). :l'he values of the C].Ue'J.l1tities
n and a in Equation (i) are, however , ::; L:.1;lgcct) to vnr~atio~:> both
between materials and train or strip sizes ~ J 7 .

Range of values of the constants n and 0. in the Equation SVn = a

--------_.-_.....;....._._.. __._---_..-.-

a

780
1,340-5,520 I

14,400 !

1,250-2,J...10 [

n

0·41
o.53-0' 78

o-69
0·38-0.4.8

Material

I-----~__···..-...-.....-_..__..· ·_... · ·"·· ... ,_f'

~--------+-----+

I
I Cork dust (through 240 B.S. )

1

Powdered grass
II cocoa

! Fibre bonrd otrips
1:....----.._-......-

'rhe values of the constont a in the above 'i'able differ widely,
being dependent upon the still air smouJ.de:~:'.r,g rate, but n is always
fractional and its value for the cork dust is witi:in the range of those
for other materials. Equation (L) is 8J.' appr-oximat i.on and cannot hold
for smouldering in still air (V := 0), a correction should therefore be
applied at low air velocities. The effect of tius correction is smr~l

at higher velociti~~)and has already been discussed in relation to fibre
insulation boards \ •

-:»

The smouldering time-air velocity relation obtained for the next
fraction, 72-120 B.S. (~~gure 2), is of a different foml from that
given as Equation (i). Thus the smouldering tiBe decreases more
rapidly than pr'evd.ousIy at airfloVis above 250 em/sec, so tho..t the
results fall on a slightly sigmoid curve; this 0LU"Ve is the nearest
approach obtained with the cork dusts to th::, logarit.:r,,'Ilic ::.-clutionship
for wood sawdusts (Equation (ii) in the Intro1u.:,;tion) Yihich would 00
drawn as a struight line. fi'his change in the smoul.der-Ing time-air
velocity relation with pr~ticle size indicates that the division of
the previous results into two groups, as given in the Irrtr-oduct.Lon ,
may be artificial and that intermediate types of relation could be
obtaaned,

~he two 25-60 B.S. fractions were from different sources and did
not give identical results (Figure 3) altr.ough bo~h sets followed
similar pa.tterns, falling on curves of pronounced sagmod.d shape"
At airflovls above 200 em/sec the smouldering rate Lncr-saaed ~apidly
with airflow and 80 the results for the ai:!' velac:Lty r-ange invc::st:i..ga:~ed

cannot be represented by either Equation (i) o~ (ii).

The results given for the 12-25 B.S, :'ract~"on (li'ir;<.:.""'c 4)' shm7 a
further difference in that at low air veLocd.izies (up to i 20 cin/sec)
the slow smouldering was little affected by the d=auzht but at
velocities above 150 em/sec the smouldering was rapid uno sensitive
to changes in airflow. It seems probable from the irregular character
of the smouldering at intermediate air velocities that the alterna­
tions between slow and rapid smouldering ore abrupt and that the tvlO
processes may be distinct and do not merge gradually. Similar
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behaviour was observed with the 7-12 B.S. fraction, hU'i; the more rapid
combus t Lon was obtained with ~. smaller airflm< t han previously. ';!ith
coarser fractions only the rapid type of s~c~ldering ~as obtuined, even
in still air. No abrupt changes in 'i;he smouldering rate with air
ve Loca.ty had been observed in previous experiments 'i;j.'~h Hood dusts,
although flaming developed on a few occasions. However, none of t~le

sawdusts was coarser than 12 B. S.

Wit;h the cork dusts the trEl.nsition to f!.frrd.ne r:nJ.y oC'fJtlr.!""Dd :i;;1
trains undergoing rapid smouldering and t1:.·J eo.·g':} of' tri:'llf~i';:l:":!i .l:-.-:~:C:1a..sed

with particle size; f'larllin~ was obtained with t!18 12-/3 ~3,f:i. t'j~~~C1;ion,

but only with large tr?ins (mould GG), e~d 80 i.:[a d:'~n.21-\(:ion:J of 1::-.0
train also probably affect the ease of transition 'GO flaming. P..H f'Lami.ng
developed frequently in trains of the coarsest f'r-act.Lona and limited the
number of smouldering rate determinations, no definite relationslup
could be established between the smouldering time and incident a3..r
velocity. It is possible that with even coarser fractio::s the smouldering
time in still air would decrease further and thus under these conditions
the transition from smouldering to flaming might occur in still air; for
such materials smouldering combustion would then be unstable.

Sm£!!.l-9-er;ing an~_airf19~ i~siflg_~i~~t_~9~'.l .." The results for 'i;he three
series of experiments, given in li'igure 5, shew that airf'loY{ caUS83 only D.

slight increase in the rate of smou'lder-Lng, 'I'he si,,,ilo.rity between the
results for different fractions is par-tLcul.ar-Ly noticeable when it is
compared vdth the differences in correspondi~g l~sults when tlrexLrflow
and smouldering ssex:« in the same direction (Pigu1Ces 1-3). It has been
found that the results in l'igure 5 for smoufder-tng time (S) and air
velocity (V) may bc represented appr-oxdmabeIy by an empirical equation
of the type

Sin = a + bV '. ~ 0 ~ •• " • • • • • • • • • • • • • •• (iii)

a and b being constants and n having 'ehe value 0·8.

In Figure 9 values of svO· 3 are plotted against V for the three
fractions and D. single line can be drawn for DJ.l the points; the
corresponding results for a powdered gro.ss fraction are also included,
for comparison. Curves calcula'eed from ~quation (iii) are also
indicated in Ii'igure 5 by broken lines. Equation (iii) thus holds for
both the powdered grass and the three corle fra-::tj.ons; a similar relatiol}
Vias obtained previously with fibre boar-d strips suspended in an airflow ~ 6) ,
the value of n in this case being O. 5. Tho vo.I.ue of emou.lrier-Lng time
given by Equation (iii) can be shewn to puss i;:lr')ugh t: Fd.nimum; for the
three corle fractions Smin = 117 sec/cm at CI..'1 aj,~fJ.G'il of 216 em/sec, and
for bhe gr~13S dust ~:d.r.= 170 sec/cm r.t an ui"':'loVi vf 4·2:) om/seo. A
minimum value of the suoul.der-Lng time was also obta.ined vzith fiT,re board
and the effect is more marked with this material.

The similarity between the results for the chree cork fractions in
IPigures 5 and 9 indicates that the marked diff'el'enees in the behaviour
of these fractions in the main series of expor-l.marrt.s were not due solely
to variations in the dust. In the preuont exp"':~:cmeni;z, wi t.h reverse
airflow, the smouldering was protected dirp.ctly f:':'oi7l ',rr,pinging ".irflow
by the unburnt part of the train and this probat-ly h.indor-ed jJen,;'cra'i;ion
of the zone by the air draught. The rapiu inc~0::.l3e iYj F:mJUld.cl·:L!~~ :('a~e

at higher air velocities, noted previcusly VIEi, 'orcs 25··60 B.S. :'rf\ctj..on,
does not then take place.

Effect of train size on smouldering t1.m9_t.~._t2.:~~~.J,,~~£: In e.:.-r:lic:r
experiments with :fibre board upon the effec+. of :.:rr.rip fJ:l3C 0~ the rate
of smouldering it· was found that the smoul.der-ing "i'.1e was approximately
proportional to the ratiQ of the area to the perimoter of the cross­
section of the strips ~3). Although the smouldering time of the fine
fracUons of cork and grass dusts does vary with train sf.ze (lcigure 6)
the ei~ect is complicated by the.presence of the asbestos base ~.,d by
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curvature of the smouldering zone in larger train!'!. Hence no simple
relation between the train cross-section and the emculdering time was
obtained.

Min~_depth for sustained smould~ing! Th8 results for tue v~"iation

of minimum depth in still air with particle SiZ9, gj.ven ~"n Pig'Jre 7,
show that the minimum depth increases wi';;r, plir',:ble ,dze up t o ·;;:~C

7-12 B.S. fraction (0,191 em), but whh the "c.~"y ::O:::::'2.e fr,y)i;i.ol:.s the
values obtained were rather loner. 111:.i~ (1~>:·~'.'\{-;C'3)r;; ~.6 C:.r:)O.l·~~: ~••~;:.:.~,):;ic'.t~d

with the more vigorous nature of the sm0uln0:,~j.r::.;:. F)..~.(:f);'I?dU:;.(:t: l;ftl:i:~ible

glowing, obtained with these fractions b "t.::jl t;.h', '2:".} fic,);"'::":""
variation of minimwn depth with particle Si~8 :i.8 cJ.eurly c..~i":;'n~d,
except for the very C o c.t: S Q rrac'~ions bu'i; (.~:i_01:·.:;T' c:xr.~n::.i~at:l.Gn ShOL'.1d be
made with caution as tl~re may be some variation of composition through
the fractions,

The experiments upon the minimum depth in still air £ive no
indication that cork dust could be too coarse to smoul.der , although
the smouldering dust might, as discussed above, inflame in still air,

Practical considerations. 'i'he fire hazard involved in the smouldering
ofcorkdUs'tIsobvious; both from the above z-emarke and also from the
photographs in Plate 1. It can be seen that a smal.L source of' ignition
can initiate smouldering which pill then develop into flaming in coar3e
material under a 2 m, P. h. draught. It has been round possible for
smouldering to be initiated by a cigarette end E.nd for flaming to develop
in the one material. '£he ease with which tho emouldering of the cork is
converted into flaming is particularly noteworthy End may be compared to
that of(the wood shavings or newspaper used previously with beech sawdust
trains 4),

Conclusi!?~

The experdments above have shown that the relation between the
smouldering ·time of carl, dust trains and the incident air velocity can
vary considerably with particle size. It seems probable that the
differences in 'the relation observed previously with other dusts were
mainly due to the different particle sizes of those dusts &,d also that
the behaviour of the smouldering of fibre board strips is compnruble to
that of fine dust trains. In addition, the developraent of flaraing
observed with coarse ccrk fractions 1Ik''Y then be obtained with ocher­
coarse dusts, so that the transition from smouldering to f'Lanring may
occur if the particle size or the dust is s·Xi'fi(,:~ent.ly Lar-ge; The ease
of transition with cork was shown to be dep(,::,lF.:lt on the ;;iZ3 of the
train and probably increases with particle 3i"6,

The results indicate that increase in particle eize permits greater
movement of air into the smouldering zone and hence more rapid combustion
moy be sustained. Thus, when the airflow and tb.e propagation of
smouldering were in opposing directions, the smou.Ider-Lng zone being
partly shielded f'rom the airflow, there was 1'l0 n:cIlesd increase in the
smouldering rate and several rrc.ctions gave "l.r.<ila:~ results, L1 the
main series of experiments with these frac~i0~~~ n~~~ed differenc~3 in
the smouldering rate were apparent at pj.g~l u:>.:d:'c';f).

The minimum depth of dust Layer' rcz- :J\u·;;o.'.::ed 3m':·.'lJ.4 p'x-j.::2; ir: ,..1;ill
air wa.s shown not to increase corrt Inua.Lly with pn.:cticle ciize. W:;,.'Gn
coarse fractions the smouldering beccme mor-e ":i;;0;:-0'23, w~,tll <;loYIing
and copious smoke evolution, and the olj"".r-,!'cd ",';':~im'xn do:;'.;h YI,,:> z-educed
from a maximum of 4' 7 em to about 3.6 "In.

l]:lhe experiments on cork dust have deE!cns·~rcd:cCi th8 f 1.:::·e It[lz,:\~r.c..

involved in the smouldering of the dust. Thus i;:i'~iaticn'in shallow
layers of fine dust by a small source of ignition can. lead io the
development of' flaming in coarser fractions of the S8r~ mLTerial. These
facts emphasize the need for good house-keeping in premises in which this
type of material may accumulate.

•
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o min Cigarcz~tl. end put on cork dust.

(72 - 120 B.5.).

60 min 5mouldczring zanet reocnes ecorse
cork. . (0'48 -024 em fraction)

5 min 5prczad of smouldering into dust train.

69 min 5udden buiId - UP ot smoke.

31 min 5moulduing zoncz advancing along train

70 min 44 sec . Flamina dczvcziops.

PLATE. I.

OSZJ04211/1"'~ 608/54CL

THE TRANSITION FROM SMOULDERING
DRAUGHT -OF

TO FLAMING

2 M.P H.
IN CORK DUST: UNDER AN AIR
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