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Summary

The smouldering of cocoa and grass dusts under sirflcw
conditions has been compared wi th that of beech and deal saw-
dusts described earlier. 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
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newspaper, with the subsequent production of flame, thus
showing that grass dust is particularly hazardous.
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SMOUImRING IN DUSTS AND FIBROUS ·lItATERtALS
PART IX COCOA AND GRASS DUSTS~ AIRFLOW CrnmTIONS

, by

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

,J Introduotion-
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 shown that ·in still air smouldering could be initiated in trains
of oertain common industrial dusts by a,·small source of ignition, such as
a glovr.ing cigarette en~1 and. that'slow, but sustained, smouldering would
ensue providing the'depth of dust layer ~~s above a certain critical value,
which in any'iiven'dust depended ohiefly'upon the mann particle size. The
linear rate of smouldering was found to be li~tle affected by changes in
~ize of train, menn particle size, packing density and moisture content of
the dust. Subsequent experiments carried out on the smouldering of beech
and deal aawduabs in a forced draught (3,4) have shown that the rate of
.smOUldering increases rapidly and the minimum depth of dust layer neccBsary
for sustained smouldering deoreases rapidly with increasing incident a:1.r
v,;locity (V). Approximate logarithmic relationships of the form
10&{S/So) =aVwhere So is the value of the smouldering tin~ (i.e. the
reciprocal of the linear ra.~e)· at zero air velocity and a is an empiri,ca~.
constant for any given train, were found to exist between the smouldering
~ime and the incident air velocity. Similar logarithmic relationships wer~

found to exist betwean minimum depth and inciden~ air velocity.

The investigations described in this note include the effect of air­
~low upon the amouldering time of pOWdered oOCOa and grass dust, the .effect
of train sizo upon the smouldering time of grass dust, and the variation of
mirrimum depth with airflow for powder-ed cocoa, This work was done to find
out whethcr the behaviour of these two dusts smouldering under airflow
cond.i.tLons was similar to that observed previously for beech and deal saw­
dusts (3,4) despite the differences tn properties and behaviour tabulated
~elow. .

TABIE 1

r'----------·----r---------,-----~---

GrassCocoa20-40 I.M.M.
Beech sawdust

I

!-..•---------------11------:..----+--- ,---,.----!
D1TY weight packing density

. g,!ml
0.28 0.5 0.23

S+'ill-air smOUldering time
min/cm

Still-air minimum depth mm 15 9

------------------------..;.--------_._.~...'

In the appendix to this note an account is given of some cxper-Imerrc.,
\,,1',ich were carried out on tho spread of smouldering from trains of' grass
,",ust to wood shavings and newspaper and the subsequent production of fla.Ji:c,

!L~~~rimental

Materials
The exPeriments were carried out on one sample of powdered, cocoa and .'

-::h:r.ee samples of grass dust ''CA-C). The powdered ,coc9a and grass dust A we:o:::'
'~t1 !,:en from the same samples as those used in the earlier still-air.work;
)~o:t-f:.;i;ure contents and dry weight packing densities of" these two il.12s~;s C'nc'
!h' 1:>B o thcr- samples of grass dust are given i'n Table· 2.
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TABLE 2

Characteristics of the various dusts

I Dust Oocoa Grass A Grass B Gross 0 I
Moisture content as 6.1 8.2 7.5 .8.5

!
! Iper cent wet weight.
I

I Dry weight packing 0.50 . 0.28 0.28 0.28
densi ty g/ml ,

II
!Per cent wt. of par- 58 l£ 70

I
99 36 I

I
ticles passing

I, 200 I.M.M. screen. ,

\,

l£ passing 240 B.S. screen,

Procedure

The experimcntal procedure was similar ·to that used in the airflcl".•·
,)xjJeriments on beech sawdust. Dust trains, which had previously been
f0rmed on strips of asbestos from small metal moulds, were supported
uontrally in the combustion chamber of a windtunnel, and smouldering wao
tt~x;: initiated by a small gas flame. Some dimensions of the mou'lds us od
::'1. the determination. of smouldering times arc given in Table 3 for refeJ:'er,u",;
uAtails of the wedge mould Y used for finding minimum depths 'arc given
i~ an earlier report (1)~

TABLE 3
,

Dimcnsions' of moulds 'used in the determination of smouldering times

l_.:~_ E

I 5.J.0 7.25
!
I 1.65 ?.40,

C

3.55

B

2.35

0.80 I . 1,00,
;

.j
A

1.35

0.30

.··Mould

To? ·.'ri<1th em.

",()ttical 0.", p'!;h along
~ ._ ..s-~~1 f;re em.

c--.,.- ..:...._._:...._-I- ...... _
I,,

f"
I
I

I;".-sul'ts-."_.-
jlppearance of the trains

Unlike' trains of beech and deal sawdusts smouldering in an aarf'Lov ,
t".c ash formed·in the smouldering of trains of powdered cocoa and gr>t:,';
.,:~.~ not carried away in the forced draught except at:'high velocities,
""6.: also noticed that in trains of grass dust the glowing smouldering ~IOi'.'.:

c.,:·cccc.d.(JQ several oentimetres along the train; such trains sustaineJ.
higher air velocities without disturbance.

..
!lffect of train size upon smculdering time in still-air

Still-air values of the smouldering time for various size trains of
"ro..S3 D and grass 0 were determined and arc given in Table .4.
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TABLE 4,

Smouldoring times in still-a1r (sea/om)

JIou14 A B' C D I

Gr&88 B 210 2~ 2~ 297 320 I,
Grass C 188 240 252 297 315

j

f
I,

I
, ! ,
I, !• ,

Effect of airflow and train size ueon smouldering time

The variation of smouldering t~ with airflow for powdered cocoa was
investiga ted using trains formed from mould D. The results obtained are
shawn in Fig. 1 where the smouldering time and applied air velooity nrc
plotted on logarithmic scales.

The experiments above were repeated with trains of, the three grass
1ust samples, and to provido a measure of the effect of train size under.
airflow conditions., trains of grass B formed from moulds A and B and trains
of grass C fonood from mould A were also investigated. Fig. 2, .'3 and 4
show the results obtained with grasses A, B and C rcspc:c:tively, where bo th
s~ouldering time and air velocity arc plotted on logarithmic scales.
~ series of experiments in which the airflow and propagation of smoulderi."'1.g
TI~~O in opposing di~ctions was conducted upon trains of grass B fOnl~Q

f:::.)~n mould D. The results obta.ined are give1'1; in Fig. 5 where the smotlldc:'7~.ng

{;ior.c is plotted on a logarithmic scale against the applied air velocity.

Yaria tion of minimum de pth wi th airflow

1'I1is series of experiments was carried ou t upon oocoa only since the
I'~i."1irnum depth of grass dust is in the order of 2 JIJl1 in still-air and any
l'e3.uction would be unimportant. In Fig. 6, which gives the results of this
investigation, minimum depth is plotted on a logarithTnic scale and air
··.· ..Jloci~y on a lirl-ear one.

The 'effect of partiole size upon smouldering time vvaN not invesi;iga+'~"1,
~.:j'::l~n although the three grass dust sainples were of d~.ff~.~"~n·~ mean Pf·-rticl.~~

:.;.:,;;':..~; of;hc ccmposd tions of. the samp'lea were pro'bably not tho ~rt.rnfl.

Effeot of airflow
I

Tho results. in Fig. 1 show that the smouldering tilm of cocoa t;reif.1s
tidc.reascd With increasing incident air velocity; moreover there Le ar;
,:1,~9:":'oximate linear relationshi~ betwoen the logarithms of the smoulde"i·~=!;t

~im (8) and the air velocity (V) within the velooity range invcstigatea.
'?:r-'} :i:'01ationship between smouldering time (seo/cm) and air velocity
:: :;':'.~:'~clO) 'within this range of velooitics is thus of the fo:rm S =aV~n

{/'r.~l·C··03 a and n are positive constanta. In this particular oase
": ~~ 0.69 and a =1440. This equation, however, oannot hold at very law
v~loo:"L-::ies for smouldoring time is known to have a finite value at aer-o
aPt:l1:Len. veLocdty (i.e. in still-air).
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Varianon of minimum de pth wi th airflow
",

, .

The minimum depth necessary for sustained smouldering in a layer of
cocoa dUB t decreases cons iderably with increase in airflow, and an
approximate logarithmic relationship exists between the tWo ~antities

(Fig. 6). It was found earlier that beeoh and deal sawdusts behave in a
similar manner. A further point of resemblanoe is ,that· the scatter of
results is again greater than would be expected from the accuracy of the
method of measuring minimum depth. .

Grass-
Effect of train_s~. under still-air conditio~

The results for trains of grass B and grass C rnmoulderi.ng in still-
air (Table 4) indicate a nof;:l00ahlc increas e in smouldering time wi th
i~Gr~asc in train size: ~ 00mparable effect wns obtainod in the experiments
on the smou.lder-mg of fibreboard strips (5). With the grass, however, no
l'ib:plc relationship was obtained between smouldering time and train size.
:;: t was found earlier (1) that the rate of smouldering of trains of beech and
deaL sawdusts is.· not appreciably affected by variations in train size for tha
zicvo fr~ctions. inves~igated.

Efi'ect of airflow and train size

F1.g. 2, 3 and 4 show the results obtnined with the gruss
0~~t samples A, B and C respectively for the applied airflow and propagatior.
':.::' smouldering acting in the same direction, It will be seen that again
'~·r..(;:,:-e is an approximate linear reLaHonahdp between the logarithms of the
SIj,~.~jl&ering ti.Jre (8) and the air veIocaty (V) within the veioci ty range in­
.Y0sHgated, viz., S :; aV-n, where a and .n are constants for any given
'(;0.~.n (Table 5). The separation of the lines in Fig,. 3 and. 4 caused by
~~riation in train size is small and is comparable with the scatter of
i::l(livi3.1..1al rosults, thus al though the lines fall in order of train size, no
r~.;lationship between the separation and the size of train could be obtained.

TABIE 5
I

'h.:i.t~~3 of a and n in the aqua tion S :; aV-n for various grass trair..5

- I _··-_·'-·--~--lI

ld I Grass A Grass B ·1
i

' G·:cass C j
i

a n a Ia n n i
co i

-=i
2800 0.68 5520 0.78 2820 0.66 I

I
I- - 2870 0.65 - - ;
I
!

- i - - 1810 0.55 1340 i 0,,53 i
l ! i , :, -

B

D

I
I
I

•
t
t,
....__..._..,~

Ylhcm the propagation of smouldering in powdered grass and bhe applied
r-i..;~f~l,()w were in opposing directions (Fig. 6), the smouldering time at low
\'a~~(',)Hj,'1s decreased rapidly wi th increase in air veloci tYJ at higher air­
f'l::,'HS ~~.01.11dcring time appeared to become independent of air velocity.
f1. Gr' :t'j.~X'c insulation board. smouldering under similar airflow conditions (6)
~,i:rt~..la:(' behaviour occurred at low air velocities but at high. velocities the
~~:!\(1.11d'2ring time increased with air velocity. The smould.ering of beech saw-
(;.~:,~,t h-ains differed in that the rate of decrease in smoulder-ing 'Gilre "I'.i.+'~l ~d.-;"

':'<:': oci 1;:r steadily increased up to tho ve locity at which the train bccczn
:'.' .~~ ''''-:IF'ld (3).... ~.,.. " ... ~.... oJ •
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Practical aspects

The work described in the appendix to this note has shown that in the
presence of slight air drau[ihts flaming combue tri.on in wood shavings and
newspsper oan result from the spread of smouldering in trains of gras:!
dust three millimetres deep to cover-Lngjlayers of these mterials. In
addition it was found earlier that scouldering may easily be initiated in
trains of grass ·dust by a glorring cigarette end. It can thus be seen that
the fire hazard presented by par/dered grass are partioularly severe.

Oonclusions

The min points arising from this work are:

1. Oertain aspects of the behaviour of cocoa and grass dusts
smouldering under airflow conditions are similar to the bchavi.our- of beech
and deal aawdus ts ,

2. Tho effect of airflow upon smouldering tim3 is Greater than other
factors investigated. Within.the velocity range investigated, the
smoulderulg time of cocoa and grass dusta appeared to be inversely
proportional to a fractional power of the aix: velocity, the relationship
being only slightly af'f'co tcd by variations in train size.

3. The minimum depth of cocoa layer necessary for sustained.
smouldering decreases ra~idiy with increasing air velocity, this behaviour
is similar to that observed for beech and deal sawdusts.

4. Experiments dctll:Llcd in the appendix have shown that flaming may
be produced i.n mterials such as wood shavings and newspaper in contact with
trains of grass dust only 3 rom deep when smoulderin~ in a slight draught.
This demonstrates the fire hazard of even slight deposits of this dust.

Aeknowledgement

The supply of dusts was arranged by 1~. K. O. Brmvn, H.li. Inspector
of Factories, Safety in Mines Research Establishment, Harpur Hill, Buxton•

..~,~ferGnccs

! . F. R. Note No. 6/1952.

n F. R. Note No.11/1952.&' "

3. F. R. Note No.48/1952.

4. F. R. Note No.50/1953.

5. F. R. Note No.24/1952.

6. F. R. Note No.73/1953.



APPENDIX

In these preliminarY experiments various sized trains of grass dust
were cover-ed to a hDight of about, three inches by layers of wood shavings
or newspaper, leaving ,about ~v6'inches ,of the trains exposed. Smouldering
was then initiated at, the exposed end and the lowest air velocity (to '
within 50 om/aeo in most instances) required to produce flaming in the
~"ayer material was recorded,

Since finely powdered grass dust has a "very low minimum ils!?th
(/'2 D1lll in still-air), it was of interest to find out whether grass trains,
cia. depth of a few millimetres could lead to flaming in a covering lilyer
of combustible material. From the table of results (Table 6) it 'viII
be seen that, although grass trains formed from mould A (3 D1lll in height "
and 1.35 em v~de) would not lead to' flaming at an air velocity of
250 cm/aec , by using tmins of'the same height but of greater ,vidth
(10.1 em) f'ormed from mouId IV 'this could be achieved. A series of
photographs from a demons tm tiori "experiment, iii which smouldering wns
initiated in a grass train 3 nan in height by means of a cigarette end, is
given in Plate 1.

The results of 6thar expcirimento indieate that the minimum applied
airflow V9quired for flaming rrobably decreases v~th increase in train
size, but, since only single experi~nlents were carried out at any ~~rticular

velocity, any apparent differences behiecn the hazards of'grass A and
grass C and behvceri" coverings ," of wood shavings and newspaper are not
significant. '"'

TABIE 6

Experiments on the production of flame

;

Minimum applied airfl0\71Train nnterial Mould Layer material
for f'Lamin« cml~

Grass A B Deal wood shavings 200-250

1I " A B Crumpled newspaper

I
150-200

I " A A Deal wood shavings No fln.!-',ing at 250 II

I
I

" A ! A Crumpled newspaper " " " 250;
I " A

,
A Shredded newspaper " " " 250

II A I vr Deal wood shavings No flaming at 250
" A W Crumpled neWSOllPer <. 250

I Grass C D Deal wood shavinas 100-150 j,
!

I II C W Deal wood shavings 200-250
" C W Crumpled newspaper 200-250 i

!
i , ,

1 m.p.h. =44.7 ~seo

VHM

,
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SPREAD OF SMOULDERING. IN PRESENCE OF 250 CM /SEC DRAUGHT) FROM
DEEP TRAIN OF GRASS DUST TO COVERING LAYER OF WOOD SHAVINGS

SUBSEQUENT PR.ODUCTION OF FLAME
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