
F.R. Note" No. 234/1956
Research Progranne
Objective m/(1)

illP/,Y.'l:,iSNl' OF rnIENTIFIO !JID JNDU3TRIAL RESEARCH liND FIRE OFFICES' 0<JI,1MITTE:E
JOINT FIRE RE~\RCH OffiLNIZl,TION

r
I ~his report has 'not been pub.lLshed and
should be considered as confidential
advance informa ticn. No reference
shculd be r~de to it in any publicati
without the written consent cf the
Diroctor, Fire Research Station,
Borchan Wood, Herts, (Telephone ~

ELStree 1341 and 1797.)

SMOULDERING IN DUSTS fIND FIBROUS liATERIi.LS
PART Jill IGNITION WITHIN DUST HEAPS.

by

K.N. Pamer and P.S. Tonkin

SUI:1I7nry

A oonpartiaon io riado of tho ti::lCC
takotl fcr SIJoulderina to penetratc up- "
nards thrcugh heaps of sawdua t ,Then the
pceition of the igniting source was
varied. The sawdust was ignited either
at the base of the heap or at a point
within the heap. For a given depth of
sawdust overlying the igniting source,
smouldering was more rapid when ini­
tiated at the base of the heap.
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, .. :. '~n pryv~ous work"rela·tinff to the' propagation 'or' smouldering inside
dust hea~a~1~ smaulderinE was initiated at the base of each heap. It ~~S
been 'suGEes ted that, sraoulde rdng night not be' sustained if initia tion were,
atteupted inside the heap , OYri..n8 to the incrensed difficulty of supplying
air when the source of ignition ~as canpletely surl~unde~ by'dust~ This
pO,int was of prao tricoL int:erest since if smouldering vrere'not,'su'stained the ..
possibility' of fires arisinr, fro!:''! .fhe ignition of heaped E~terials by sna'l.l,
buried sources of inni tion woul.d b~ .consd.derab'l.y reduced. Consequenjily, a
short experimental'investi~ntionwas carried out in vhich both methods of' ,
ignition were used.' '-, , ,

It w.".'s also considered that if snouldering, initio.ted within the heap,
were sustained the relation be twe en the depth of the dust and the time taken
for SL1(f1.llderme to er,1el~se might differ' frO)~l, that established in previous
work, J

Experinentai :
" ..

lhterials ' " '..

J : .: :

1iho· auat', wed :in ,011 t;lC c:~~.(;ri::ttif.s vIas a nixed hardwood, sa'l:~ldust.

It conbined.19·2 per cent mof.s ture and the dry \i'eigbt paclcd.ng density' ,
used ~D.s:O·2 e!ml. Tho,dis~ribution of partible sizes ~ns ,that'shovm in"

, Ficure 1 and the smouldering :rate of the ,sa':ld1.1st in still' airh'las 416 sec/on,
deterrlined on the dust in trains,of base ~idth 5·1~,~nd.depth1·65 an.
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The layers of sawdus t we.rcconta:incd 'in a ,1ft cub; .'bo~ ~ri.dthc :i;nit~:' ,:,",',"
iating heaps were f'ormed f'z-om a :flat t,?pped. conical moul.d 5~:2 .em in h~ie;ht. ( .. )
Detailed infortution regardine the box'and the mould lli~s'alrcady'beengtven ~ •

. ' "~' . I.······, ~.4~·.~,:.. ·:._ .:: ·.,~

Procedure'

In cxpez-Imenta yiith i£ir.ition ,at the 'base of the 'h~p.,.' the ~'~it~a:tirie ': ~
hea p ,'rD.;! ~eni.'ted, plac~d 'in' th~ ,box and :f~~~hi?r ~~st' ad~e~~'D:s, d~s.c.rihqA,. ~ " ''',~
before. ~1) In the other experdraenbs the 1.nlhahngheap .was placed oJ1. .a : ., .,:
'dust layer i.D. the box and then further dust was added un~i;J.."thc 'finnl deptli':'"
of dust was three tDl1CS tha t of the initial layer. ';", : .. ,,", ,,,,,,
" .

, The,tinie was measured between' -the depos t i.on 'of bhe .dus f layer 'upon the ,i.;
initicting heap of sa,7dust and~ the cDcrccnoe ,of,sriou~~c~in8'on the tor surfa~e

of ,Uhe ,'du~t, de·pos~t. . '.T~e' e):le:r:een6~ of. smouldering \\rr;ts:':re~o~ed using' a,', ' ..
bhermocoupf.e and ~u tonn tJ.c' .t~mperature ~cord€r a~, bef'ore, ~1)1: ".,' "

; z

. I· • , ~..

'r't was found that sl:.10ulderinr.t',\vas 'sustained when initiated i:hsidc:dust. - . .
heaps ... '..... , ..

The logr.ri th.rni.c pl,o t of, tines for ~mouiderilll3 to ene.rge again~t 'oVe'dying
depths of dus t is shown in, FiGUre ?~

. ....1 '.' • ~. • - . . . .... : '. ., .. ' ~
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l.fter smouldering had emerge,d"from the heaps , inspeotion of the residue
revealed that When the source of ignition was placed: between two layers of
sa\~ust, smouldering propagated dOwnvmrds' almost to the base of the lover

r '
layer of the dust.

Discussion

The experiments have sho\vn that a source of ignition buried TI~thin a
dus t i hea p can initi..qte smouldering in the dust and that the amoul.derdng can
propagate to the top surface of tha overlying dust.

It may be seen froo·F,igure 2 that fc";, both methods of initiation the
varia tion of the tine for smouldering to eElerga with overlying depth of
sawdust can be represented approxinntely by the expression

t= kyn

in' which 't is t irne in hours and y :iJ' depth of layer 'in cm.
Diff.erentvalues of the conntants k and n were obtained with the tvlO methods
of initia tion of smoul.derang and are given in Table 1.

Table ,1

Values ,for constants k and n in the expression

,t= k~.

Podtion of igniting souroe n k x lCY'

At the base of the he" p . 2'05 4·8

Within tho heap 1·85 ,16·0
'"

•

The difference in the values for n may not be significant and may be
du'e'to the greater scatter of results obtained from the experiments in:Which
smouldering'v~s initiated within heaps: of sawdust.

:-' For: prnc t acaI 'purposes estinntions of times for smouldering to emcnge
, friDm,dust heaps may be made as' follows;'

1." For a l1iven depth' of dust overlying the source of ignition, and
for both positions of initiation, equation (1) could be used with n =,2·05 ,
and k =' 0',048 to obtain estimations of the tioe required for 'smouldering to
penetrate'dust layers deeper,than those used in the present cixperL~ents.

With Lnderate depths of dust, if ip.nition is inside a heap the estimations of
time my be low although of the correct' order.

2. For a Eiven depth of heap, within the range of depths, tested, the
times required for smouldering to penetrate the heap would be approx~~tely,

equal,'for ignition at any point between the base of the heap and one third of
the: depth above the base, as may be seen from the broken line in Fii;ure' 2.
The broken line represents the results, for ignition within the heap, but plotted
against the, total depth' of' the heap and not the depth ovezLydng the ignitinG,
source. 'With depths nmch greater, than those within the experll.ental range the
approximaticn' becomes less accurate sinoe smouldering from ignition within, the
heap would reaohrtbo top surfaoemore quickly than that f'rom ienition at the"
base of the heap. '
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FIG. I. DISTRIBUTION OF PARTICLE SIZES. MIXED HARDWOOD. SAWDUST
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