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Summary

The smouldering of cocoa and grasg dusts under airflow
conditions hag been compared with that of beech and deal saw-
dusts described carlier, The dusts were formed into small
trains and placed in a wind tunnel, and measurements were
made of the effects of airflow and train size upon the rate
of smouldering and of the effect of airflow on the minimum
depth of dust layer neceszery for sustained smouldering.
Certain aspects of the behaviour of cocoa and grass dusts
smouldering under airflow conditions are similar to the
behaviour of beech and deal sawdusts. In the presence of
slight draughts, trains of grass dust only 3 mm deep cen
initiate smouldering in covering laycrs of wood shavings and

. newspaper, with the subzequent production of flame, thus
showing that grass dust is particularly hazardous.
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SMOULDERING IN DUSTS AND FIBROUS MATERTALS
PART IX COCOA AND GRASS DUSTS UNTER ATRFIOW CQNDITIONS

+

by
K. N. Palmer and M. D. Perry

Introduction

This note describes further investigations that have been made on the
smouldering of dusts and fibrous materials. Earlier work in this series
(1,2) has ghown that -in still air smouldering could be initiated in trains
of certain common industrial dusts by a.small source of ignition, such as
a glowing cigarette end, and. that slow, but sustained, smouldering would
ensue providing the -depth of dust layer was above a certain critical value,
which in any given dust depended chiefly upon the mean particle size, The
linear rate of smouldering was found to be little affected by changes in
zize of train, mean particle size, packing dénsity and moisture content of
the dust. Subsequent experiments carried out on the smouldering of becch
and deal sawdusts in a forced draught (5,4) have shown that the rate of
simouldering increases rapidly and the minimum depth of dust layer necessary
for sustained smouldering deoreases rapidly with increasing incident air
valocity (V). Approximate logerithmic relationships of the form
log(S/So) = aV where So is the value of the smouldering time (i.e. the
reciprocal of the linear rate) at zero air velocity and a2 is an empirical
constant for any given train, were found to exist between the smouldering
vime and the incident air velocity. Bimilar logarithmic relationships werc
found to exist between minimum depth and incident air velocity.

The investigations described in this note include the effect of air-
2low upon the smouldering time of powdered cocoa and grass dust, the effect
of train size upon the smouldering time of grass dust, and the variation of
rdnimum depth with airflow for powdercd coc¢oa. This work was done to find
out whether the behaviour of these two dusts smouldering under airflow
sonditions was similar to that observed previcusly for beech and deal saw-
dusts (5,4) despite the differences in properties and behaviour tabulated
below, : '
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TABIE 1
i 7 : .
’ Dust ! 20-40 I.M.M. Cocoa Grass i
; c Becch sawdust ' ,
- -
g Dry weight packiﬁg density | 0.28 . 0.5 0.28 E
3 - @/ml f
! 2till-air smouldering time 11,1 18,9 4.2
-’ in/cm .
! o
| Still-air minimum depth mm | 13 9 <z |

—

In the appendix to this note an account is given of some experimentis
which were carried out on the spread of smouldering from trains of grass
vust Lo wood shavings and newspaper and the subsequent productiop of flane.

Exnerimental

Matorials .

The experiments were carried out on one sample of powdered cocca and
three samples of grass dust (4-C). The powdered cocoa and grass dust A wemw
teken from the same samples as those uscd in the edrlier still-air.worl;
moisture contents and dry weight packing densities of these two dusts enc
2 the otber samples of grass dust are given in Table 2,
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TABIE 2

Characteristics of the wvarious dusts_

Dust Cocoa | Grass A | Grass B | Grass C

Moisture content as 6,1 8.2 7.5 84D
per cent wet weight. '

Dry weight packing 0,50 | " 0.28 0.28 0.28
density g/ml. :

Per cent wt, of par-| 58 ¥ 70 99 36
ticles passing
200 I.M.M. screen. _

* passing 240 B.S. screen,

Procedure

The experimental procedure was similar -to that used in fthe airflow
axperiments on beech sawdust. Dust trains, which had previously been
formed on strips of asbestos from small metal moulds, were supported
centrally in the combustion chamber of a windtunnel, and smouldering was
theg initiated by a small gas flame. Somc diménsions of the mouldsused
i the determination. of smouldering times are given in Table 3 for referers,;
datails of the wedge mould Y wused for finding minimum depths ‘arc given
ir. an earlier report (1),

TABIE 3

Pimensions of moulds used in the detormination of smouldering thimes

i ' [

: I . ' .

; ~Mould i A B c D B !
| . 1

o - - : o :

. Top width om, ! 1.35 2,35 3,55 ! 5.10C 7.25 |

: Vextleal acpih along | 0.30 0.80 ;. 1.00 | 1.85 o 10

.u\,u';'fo Ci.

Appearance of the trains

Unlike trains of beech and deal sawdusts smouldering in an airflinow,
thie ash formed in the smouldering of trains of powdercd cocoa and gracs
w23 not carried away in the forced draught except at high velocities. .-
wes also noticed that in trains of grass dust the glowing smouldering onc

wtended several oentimetres along the train; such $rains sustainea
h¢gaer air velocities without disturbance.

Effect of train size upon smouldering time in still-air

. Btill-air values of the smouldering time for various size trains of
wresas B and grass C were determined and are given in Table 4,
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TABIE 4.
Smovldoring times in still-air (seq/om)

Mould A B c D X
Grass B] 210 943 243 297 320
Grass G| 188 240 253 297 315

. } . : A__{

Effect of airflow and ¢train size upon smouldering time

The variation of amouldering time with airflow for powdered cocoa was
investigated using trains formed from mould D. The resulits obtained are
shown in Fig. 1 where the smouldering time and applied air velooity are
plotted on logarithmic scales.

The experiments above werc repeated with trains of -the three grass
Just samples, and to provide a measure of the effect of train size under
airflow conditions, trains of grass B formed from moulds 4 and B and trains
of grass C formed from mould 4 were also investigated. Fig., 2, 3 and 4
szhow the results obtained with grasses A, B and C respeetively, where beth
srovldering time and air velocity are plotted on logarithmic scales.
4 3eries of experiments in which the alrflow and propagation of smouidering
wer2 in opposing directions was conducted upon trains of grass B formed
feron mould D,  The results obtained are given in Fig. 5 where the smouldering
wime is plotted on a logarithmic scale against the applied air velocity.

Yariation of minimum depth with airflow

This series of aexperiments was carried out upon cocoa only since the
minimum depth of grass dust iz in the order of 2 mm in still-air and any
reduction would be unimportant. In Fig. 6, which gives the results of this
investigation, minimum depth is plotted on a logarithmic scale and air
welocily on a linear one,

The effect of particle size upon smouldering time was not invesfigated
winse elthough the three grass dust samples were of different mean particl:
sigw, the compositions of the samples were probably not the name.

;.«.'3 s
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Effect of airflow

The results in Fig. 1 show that the smouldering time of cocoa trains
decreased with increasing incident air velocity; moreover there ic an
aporoximate lincar relationship betwcen the logarithms of the smouldei:ing
tim: (S) and the air wvelocity FV) within the velooity range investigated.
Ths rolationship between smouldering time (sec/om) and air velocity
;*1 ‘sea) ‘within this range of velooities is thus of the form g = avil

#woee a and n are positive constants, In this particular ocase

no 0,69 and a = 1440, This equatlon, however, cannot hold at very low
' vuloovacs for smouldering time is known to have a finite value at zero
applied velocity (i.e. in still-air),
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Variation of minimum depth with airflow

The minimum depth necessary for sustained smouldering in a layer of
cocoa duat decreases considerably with increase in airflow, and an
approximate logarithmic relationship exists between the two quantities
(Fig. 6). It was found earlier that beech and deal sawdusts behave in a
similar manner. A further point of resemblance is that the scatter of
results is again greater than would be expeeted from the accuracy of the
method of measuring minimum depth.

Grass

Effect of train size under still-air conditions

The results for trains of grass B and grass C smouldering in still-
air (Table 4) indicate a nofinccablc increase in smouldering time with
increase in train size; o comparable effect was obtaincd in the experiments
im the smouidering of fibreboard strips (5). With the grass, hcwever, no
simple relationship was obtained between smouldering time and train size.
T4 was found earlier (1) that the rate of smouldering of trains of beech and
deal sawdusts is not appreciably affected by variations in train sizc for the
sicve fractions. investigated.

Iflfect of airflow and train size

Mg, 2, 3 and 4 show the results obtained with the gruss
Juset samples A, B and C respectively for the applied airflow and propagaticr
-7 smouldering acting in the same direction, It will be seen that again
Shere 1s an approximate linear relationship between the logarithms of the
swculdering time (8) and the air velocity FV) within the velocity range in-
vostlgated, viz., S = aV™@, where a and n are constants for any given
tmin (Table 5). The separation of the lines in Fig, 3 and 4 caused by
variation in train size is small and is comparable with the scatter of
individual results, thus although the lines fall in order of train size, no
rclaticaship between the separation and the size of train could be obtained.

TABIE 5

Yaives of a and n in the equation S = aV™® for various grass trains

|

: : -
E Mould | Grass A Grass B 3ce3s C
,;. R
E a n a n a no
° !
: B!
i D 2800 0.68 | 5520 0.78 | 2820 0,66 !
. . : 3
. B - - 2870 0.65 | . - -
: . S X
? A - - 1810 0.55 . 1340 | 0.53 |

¥When the propagation of smouldering in powdered grass and the applied
niz{iew were in opposing directions (Fig. 6), the smouldering time at low
valooities decreased rapidly with increase in air velocityy at higher air-
flows gmouldering time appearcd to become indcpendent of air velocity.
Fith t'idre insulation board smouldering under similar airflow conditions (6)
silmilae behaviour occurred at low air velocities but at high velocities the
culdering time increased with air velocity.,  The smouldering of beech saw-
¢uat treins differed in that the rate of decrease in smouldering time wifli aiv
clioclity s?eﬁdily increased up to the velocity at which the frain becam
“lstueeoed (3).



Practical aspects

The work described in the appendix to this notc has shown that in the
presence of slight air draughts flaming combustion in wood shavings and
newspaper can result from the spread of smouldering in trains of grass
dust three millimetrcs decp to covering layers of these mterials. In
addition it was found earlicr that smouldering may easily be initiated in
trains of grass dust by a glowing cigarette end., It can thus be seen that
the fire hazard presented by powdered grass are particularly severe,

Conclusions
The main points arising from this work arc:

i, Certain aspects of the behaviour of cocoa and grass dusts
smouldering under airflow conditions are similar to the bechaviour of beech
and deal sawdusts,

2. The cffect of airflow upon smouldering time is greater than other
factors investipated., Within the velocity range investigated, the
smouldering time of cocoa and grass dusts appeared to be inverscly
proportional to a fractional power of the air velocity, the rclationship
being only slightly affected by variations in train size,

3, The minimum depth of cocoa laycr necessary for sustained
smouldering decreases ranidly with increasing air velocity, this behaviour
is similar to that observed for becch and deal sawdusts.

4, Experiments detailed in the appendix have shown that flaming may
be produced in materials such as wood shavings and newspaper in contact with
trains of gress dust only 3 mm deep when smouldering in a slight drauvght.
This demonstrates the firec hazard of even slight deposits of this dust,
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APPENDIX

In these preliminary experiments various sized trains of grass dust
were covered to a holight of about three inches by layers of wood shavings
or newspaper, lcaving -about twé inches .of the trains exposed. Smouldering
was then initiated at the exposed end and the lowest air velocity (to
within 50 cm/sec in most instances) required to produce flaming in the
Jayer material was recorded, '

Since finely powdered grass dust has a very low minimm depth .
(( 2 m in still-air), it was of interest to find out whether grass trains
of a depth of a few millimetres could lead to flaming in a covering layer
of combustible material. From the table of results (Table 6) it will
be seen that, although grass trains formed from mould A (3 mm in height
and 1.35 om wide) would not lead to flaming at an air velocity of
250 cmysec, by using trains of the same height but of greater width
(10,1 cm) formed from mould W ‘this could be achieved. A scries of
photographs from a demonstration experiment, 1n which smouldering was
initiated in a grass train 3 nm in height by means of a cigarette cnd, is
given in Plate 1.

The results of déther expdriments indicate that the minimm applied
airflow required for flaming probably decreases with increase in train
size, but, since only single experiments were carried out at any particular
velocity, any apparent differences betweon the hazards of grass A and
grass C and between coverings ~of wood shavings and newspaper are not
significant, S ' -

TABIE 6

Experiments on the ppoduction of flame

Train material] Mould | Layer material Minimm applied airflow
' for flaming om/scc
Grass A B Deal wood shavings 200-250 .

"oA 3 Crumpled newspaper 150=200 °
"OA A Deal wood shavings No flawing at 250
oA A Crumpled newspaper " " " 250,
"A A Shredded nows peper " " " 250
"A W Dcal wood shavings No flaming at 250
"oA W Crumpled newspaper < 250
Grass C D Deal wood shavings 100-150
* C W Deal wood shavings 200~250 _
" Cc W Crumpled newspaper 200~250 i

1 m.p.h. = 44,7 om/sec
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" Glowing cigarette end dropped on grass dust train

[

Smouldering initiated and advancing along the
( Omin) | grass dust train (15min)

Smoke evolution increased as shavings dare about Shavings well alight ( 25min 50sec)
to catch fire {(25min 32sec) '

PLATE.I. THE SPREAD OF SMOULDERING, IN PRESENCE OF 250 CM/SEC DRAUGHT, FROM
3MM DEEP TRAIN OF GRASS DUST TO COVERING LAYER OF WOOD SHAVINGS
WITH SUBSEQUENT PRODUCTION OF FLAME
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