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The effect of an zir drsught woon the smouldering of
jute cloth has been imwvestigated; the rate of propagation
of smouldering is markediy increased by an airflow end
snouldering may be converted into flaming by oirflows
{ravelling at less than 1y m.p.h. The sequence of events
from the initiation of smouldering by a cigarette end to
the development of fire has been traced, thus demonstrating
the fire hazard associated with ths anvral industrial use
of ordinary Jute sacks, unless Strlnguﬂu precautions are
talken to enswre the absence of sources of ignition.
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SHOULDERTIIG 11T DUSTS AND riZROUS HATERIALS
PART VIII - JUTE CLOTH U:TC0ER AIRVLO. COrDIFIONS

by

K., ¥. Palmer

Introduction

Bxperiments upon the smouldering f jute cloth in still air have
been the subject of an sarlier lote 13, It was showvm thet the rele of
propagation of smouldering-in still air depended upon several fociors
such es the weight and weave of the cloth, the condifion of the material
(new, worn or soiled), the direction of propagotion of smouldering
relative to the weave, whether the propegation was horizontal or vertical,
and the number of layers in contact. PFurther, sustained smouldering was
found to be easily initiated by o small souwrce of ignition, such as a
glowing cigerette end. C

These results have a proctical importance owing to the general
industrial use of jute sacking and the possibility of a smouldering
fire being started in this material by a dropped light. This process
is of particular interest in the consideration of fires in stacks of
bagied materials when there may be a long delay between the probable
time of ignition end the visible outbreak. It was concluded from the
experiments in stiil ajir that smouldering could easily continue within
a large stack of bagged materisls for meveral days.

The experiments described in the present licte were concerned with
the estimation of the air draught required to comvert smouldering into
flaeming, in addition vo the effect of airflow upon the rate of propegation
of smouldering, The cloth was investigated both in a new condition, as
received from the menufacturers, and in "“worn" conditions' produced
artificially., In a2ll experiments the propegation of smouldering was in
& horizontal direction.

Experiments and resuits

Materials The samples of clotii used in the present experiments
were taken from ?h same specimens as in the earliier work under still
alr condi*%ions, 1? The characterisiics of the cloths are given again
for reference, o

Table 1

Deteails of the Jute cloths, in the condition as received

; i r
L Cloth T T i IIT |
| 8 1
teave Pooowwill p Twille Scrin '
i eight per unit areg 0077 | Ge Ol 0.018
by i LT
|
No, of warp threads (ends) | 38 27 10 :
' per inch ! t
: s i
Ho, of weft threads (picis) @ 12 _ 10 15 ‘
per inch 3 . i
: ~1
Thickness w2 L 1e200 1 067 P 066 ?

loisture content % 9.y | 848 © 95

v—_ P
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Cloth I, the heaviest, was very closely woven but was noit as tiick as
some of the coarsest types of saciking in common use; cloth :IT had a
very open weave and was typical of the lightest wmeterial, Cloth IT was
of intermediate weight and weave,

As with the sarlier experiments the simulation of wearing of the
new cloth was carried out either by washing the cloth in boiling water,
to expand the threads and loosen the weave, ar by stroking the cloth
with a swall wire brush fo raise a nap. 7The detailed procedures have
already besn described, )

Smouldering rates The effect of airflow upon the rate of
propagation of smouldering was investigated using Cloth I in its original
stote, without treotment; the waterial was cut into rectangulcr pieces
and clamped in a metal support of width 13¢5 em (Plates 1 and 2). Six
layers of cloth were used and were arranged so that snouldering
propagated parallel to the weft threads. Snouldering was initlatved by
a small gas flame end the support and-cloth were then placed in a wind
tunnel 13 in., x 13 in, cross section and 29 ft, in length; the time far
the smouldering zone to trevel 1 cm (smouldering time) was then measured
over a distance of 10 cm,

The results are given in Fig. 1 where smouldering time and air
velocity are plotted on linear exes. Ileasurements of smouldering time
could not be made for air velocities above 252 cmn/sec as the swouldering
was transformed into flaming on appilcation of the draught.

Airflow for production of flaming Two series of experiments were
carried out on the conversion of smouldering into fleming by the action
of an air draught. In the first series the cloth specimens were clamped
in the metal suppart as for the determination of smouldering rates and
the air velocity was inareased in steps of about 50 cm/sec until flaming
occurred; this series enabled direct comperisons 10 be mede of the
effects of weight and condition of the cloths, By this method the air
velocity for the trensition from smouldering to flam.ng was thus
estinated to within a range of about 50 an/sec; the results are given
in Table 2,

Table 2

e e+ B Ty

The transition from smouldering to flaming., ©loth specimens in wetal support.

T
, Alr velocities. between which flaming
Cloth . Condition first occurred cin/sec
. 2 layers cloth | 6 layers cloth’
- ‘
I As received 160 - 205 } 195 - 250
Washed - 105 - 170 165 - 200
Brushed 200 - 290 ! 160 - 200
11 As received 62 - 105 : 155 = 200
i .
III As received ——— | 62 - 105
-1 Washed ' — i 62 - 105
:  Brushed ‘ ——— ' 62 - 105
, ! ;
P SRS cm/sec = 1 m,p.h.

In no cese did only one layer of cloth sustain smouidering, .
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The second series of experiments upon the transition from smouldering
to flaming was carried out with thz cloth rolled into a small bundle
within which a glowing cigerette end was placed. Suouldering could thus
be initiated within the bundle and the ftransiticn to flaming then occcurred
with lower air velecities than in the first series of experiments. The
procedure was to talke several strips of dloth, sach ahout 25 cm x 75 cm,
and form them into a loose cylindricel rell, about 10 c¢m in diameter,
which was laid in the wind tuinel; a glowing cigoretts end was then
placed within the roll., FPhotogrephs from o demonsiration experiment,
upon unireated cloth III, are shovm in Plete 3, The time was mecsured
from the moment of insertion of the igaiting source %o the first
appecrence of flame; +the results are given delow.

' Table 3.

The trensition from swmouldering to flaming. Cloth specimens rolled.

{ ;
. s g _ Approdmate air | Time required for
Cloth ~ Condition | velocity cm/sec flaming win
L . .
i i
I | As received | 100 15
| 60 .S,
Vashed 160 23
100 . 18
60 s.n. 7 ,
-1
Brushed 160 1k
i 100 ! 31
o TIT As received | 60 11 |
: Weshed | €0 ; 20 !
! ¢ Brushed : 60 : 16 :

Lh+7 en/sec = 1 a.p.h,

NOTES: . n.s. smouldering notv sustained,
s,n.f.  swouldering sustained but 4id not develop into flaming,
Discussion

N .

The results given in Pig. 1 for the relation between air velocity
end smouldsring time show that the effect of airllow upon the smouldering
is very marked even at low velocities., t air veclocities above 252 cm/sec
the combustion rate was so increased that the smouldering developed into
flaming, thus limiting the air velocity range to be investipated, Some
scatter of the results was to be expected owing to non-unifiormity in the
cloth and also to separation of the cloth layers caused by the eir flow,
porticularly at the higher velocities, and a detailed investigation of
the effect of airf{low upon the rate of smouldering was therefore not%
undertaken,

The Tirst series of experiments upon the transition from smouldering
to flaming, carried out with the cloth clamped in the metal support,
showed that the air velocity required was only slightly affected by
variation in the condition of the cloth but decreased with the weight
and number of layers of the cloth in contact. However, in no cose did
only one layer of cloth sustain smouldering; this may not be of great
importance from the practical viewpoint since increased thickness of
cloth is present in folds end seems end two leyers of material ore in
contact when bags are stacked together,
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Vhen the cloth was formed into a roll and smouldering initiated
internally, as in the second series of experiments, the air velocity
required for flaming was reduced appreciably with the heavy cloth
(cloth I), The variations in the times required for flaming to develop,
Teble 3, are not significant but the values given indicate an appreciable
delay between the burning-out of the cigarette end (about 5 minutes) and
the sppearance of flame. These experiments show the complete sequence
of events from the cigerette end coming into contact with the sacking to
the production of flame, a sequence which nay ea.sily occur in industrial
premises, In particular, the air velocity needed to oonvert smouldering
into flaming is shown to be remarkably small, less than 1% m.p.h., and
this emphasizes the fire hazard associated w1th the use of ordinary Jute
sacks uniess particular care is token to exclude all possible sources
of ignition,
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PLATE.I. SUPPORT FOR JUTE CLOTH
SHOWING CLAMPING BARS
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IOmin 47sec Smoke evolution increasing

Ilmin 29sec Flame appears

PLATE.3. SMOULDERING IN JUTE CLOTH INITIATED BY A CIGARETTE END AND
DEVELOPING INTO FLAMING UNDER A 2mph. DRAUGHT





