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"‘1), Introouctloq

>

i L | Thls investigatlon is ooncerned with the fire hazard rreated by f])lng
coala and upurks from domestic open fires.

: It wds not feasible to reproduce in the laboratory, with a domesiic
open fire, the oonditions toteinvestigated and a laboratory experimental
. - approach’ to the problem has been devised. The results given in this rrn G
' - ooncern thg probabilities of ignition of various types of material by wverlouz
' sizog of coal combined with an estimation of the probability of such coals
‘pasging freely through a spark guard typical of those on the market.

- 2) Cholce of Experimental Proocdure

in alnmlating the conditions in which a spark or flylng coal might
ignito a. specified material in a domestic dwelling the following three factors
must be considered:~ &) the heating of the gonl, b) the application of
the oral to the material and o) the disposition of the material.

in preliminary experlments an clectric oven-at a temperature of

appraximatoly 900°C (representing a glowing flre) wvas usced to heat. the
pleces of: ooal, I{ was found however that it was easier to 1gn1te materials
when. the coals wore heated in a bunsen flame (representing a roaring fire),
With' the bunsen flame there is a greater heat transfer to the coal; thus a
plece of ‘coal can be ignited quickly and ocan be d&ropped on to a specimen of
material whilst it is still evolving enough volatiles to maintain flaming,

., It was therefore deolded to heat coals with a bunsen burner throughout the
ox perlmanta .

o The pieces of coal were heated directly above the specimen of material
and moroly had to fall six inches.

- The most hazardous disposition of the material is one in whioh the heat:

transfer from the piece. of coal is a maximum whilst the air supply remains

- suffiolent to maintain combustion. To mect these oconditions the arrmngomrr.
11lustrated in Figure 1 and Plate 1 was used. Using one material and pisam
of ooal of the same weight preliminary tests were carried out to deterwiny
the angles between the material, the asbestos board and the horizontal =oiun
resulted in the highest frequency of ignition.,: These were found to L
approximately the values illustrated in Figure 1 and these Values were
maintained throughout the subaaquent tests,

+,.The oocal used in all ths tests was Midland Slnglcs, which*is a
bltumwnoun, high-volatile, non-ooking coal, It was broken up into small
prls“q with relative dimensions of the order of 2 x1 x1,

) L.aterials ‘Tested and Results -

‘krThé'Tbllowing materials wore tested:

“a) Cotton. Woight/unit area = 142 x 1072 gm/cnf
'b) Viscoso Rayon Net " " =18 x 107 gn/cm?

“¢) Sorim w.ou " e 22 x 107° gm/omd
d) Newspaper("The Tmed') " " 2 55 x.100 mn/ond
@) Belgian Cotton '

o . Carpet M " " = 0v12 gm/em®
Ve ,'-r) Surgical Cotton
BRI A _ Wool
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_ All specimens of material were dried before testing and about a 100 -tests
were made on ecach material with picces of coal of various sizes.

Ignition’ of cotton wool was found to be easily possible with pieces of
coal weighing only 0005 gm, As this weight corresponds to a diamcter of
0« 075 inches for a spherical. particle it was conecluded that cotton wool would
"always precont a hazard snd that it would not be practicable to design a
goark puarc to overcome this, ’

With Balpian Cotton Carpet laid horizontally as in practice, no
continuing fire was started when pieces of flaming coal with dimensions of the
order of 0*5 inch were dropped on it, | It was therefore concluded that this
material did not present an appreclable hazard from this point of view and
again no further tests were mage,

The rcgults for the remaining materials are prescnted in the form of
histograms in Figures 2, 3, 4 and 5, In the case of scrim,ignition was
found to be much easier if the scrim had been brushed before testing. Thy
appearance rascmbled the scrim cammonly found underneath arm chairs.  4Ail
specimens of scrim werse therefore brushed before testing,

4, Interpretation of Results .

The probability of 1ignition occurring when a live coal of a given size
falls on a material has beon assessed by probit analysis of the experimental
results (Appendix 1) and the probit curves are shown in Figures 2 - 5. Coal
fires ejeot hot coals.over the size ranges illustrated but the probability of
a given size of coal being ejected is not known, The results can however be
used to assess the value of a spark guard, . The probability of a picoce of
- coal passing through a spark guard depends on the guard mesh and on the size

and shape of the cocal, - An 8 mesh to the inch 22 S.W.G. guard is in common use
and has been considered in this note.  The effect of the size and shape of the
- plece of o0al on the probability of passing through the guard is considered in. .
Appendix 2. The maximum probability of a piece of coal irrespective of ita
shape pasaing freely through the guard is shown in Figure 6. By oombining
this probability curve with the probit curves it is possible to calculate the
probability of a given size of coal both passing through the guard and igniting
a material. This is illustrated in Pigure. 7.

Conolusions

The probability of a piece of buming coal igniting combustiblg mgterial
leponds on the type of material and increases with the weight of 'the piece of
sonl. OFf the materials tested {cotton wool, viscose rayon net, brushed
sorim, newspaper, cotton and Belgian cotton carpet ) only Belgian cott?w_
sarpet would not give a continuing fire when a flaming piece of coal.w;tn

" {imensions of the order of 05 inch was dropped upon it.

The sizo of coal required to ignite ocotton wool is so small that pariicies
" /hich have a high probability of causing ignition will easily pass through-i

spark guard typical of those on the merket (having 8 mesh to the inch,22 %.n:G.)-
'or the remining materiels tested, however, the use of such a spark.guaru.wlll
«ubstantially reduce the fire hazard. The probabilities of the optimum sizes
,f coal both passing through the guard and causing ignition are less thaq»
w Q% for scrim10'001@6 for rayon net, 0.00050 for newspaper and 0000010 for
=°tt0no 4 ' . .
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Appengix 1

‘Probit analysis

Analysis of the experimental results has been carrled out on the

. 'asgumpfion that the probability of. ignition is Gaussian with respoct to the
*cube ruvot of the mass of the coal., Probit lines have been calculated on

this assumption and their linearity has been tested by the 7( test.
ot

"The equations of the probit lines for the tour materials are glven in

T Tﬁble 1 together with the 955 confidence limits

: ',wherq ¥y is the probit correspondlng to a probabillty of ignition p
X = mF x 10
and m is the mass of coal in gm, which gives'probability of ignition p

Table 1 Probit Analysis of the ignition of various materdals

Material Probit line 985 oconfidence 1imit§ to x.

Cotton y = 1+441x - 2634 1+12x ~ 065 % 1e52 ;/0;018 + 0-057(x - 5.;§;2

Net y ;‘2-509x - 3842 1017x - 0v62 * 0092 v 0-054 + 0+241(x - 3+62)°

Brushed - S |
Sorim | y-=-0'986x + 0*338 1208x - 0037 % 2014 7 00009 4 0°0L8(x ~ 4+9)2

Neﬁapaper y = 2+437x - 4°634 1915% = 061 % 0005 ¥ 0~ 026 + 0°204(x ~ 4°04 )]
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:_‘!_Qgendix 2 The Probabila.ty of' a Partlcle Passmg_Freell through a Mesh

.-....

q’ s "
) The following analyses are cor:f.merl to the probablllty of a particle
" passing freely through a mesh., It has been assumed that a particle wvhich
- engages with the mesh, but yet passes through, will have lost so much encrgy
. that it will fall to the hearth near to the gjuard and wlll thus net cons ﬁltUuC

a scvere f‘J.ra hazard.-

Since no J.nf‘ormatipn'is available as to the distribution of the
- geometrioal shapes of the particles it is only possible to assess the maximm
probability, by ocorisidering oxtremes-of shapes, For spherical particles the
probability must fall fo zero at some critical size, but for slender particles
-1t must always remain flm.t;o. The follom.ng analyses raefler to Spherlcal and
oylindrical. p&rticlos. .

.a) Spherical partiole

Hﬁ\“ .

||

I
(- SO | A .

The “total probability may be considered as the product of the probability
‘of a sphere not engaging on a horizontal wire and the probability of a spherc
not.engaging on a vertical wire. The probability of a particle not striking
a vertical wire will now be discusseod, If the centre of a particle of
dinmeter D lies within the x co-ordinate zero and &, the probability of its
centre lying in any renge & is Sx/d, . The particle will not strike the wire
if the x co-ordinate of its centro lies within the range zeroand d -t =D

' ' 2 2 2
or the range d + t_ +D_ and d, i:e. a range d ~ t - D,
S I R 2

The probability of this oocﬁrfing igd=~t-D =1-D+t
A ‘ . _ d

»

Of tho p&rtié:i’és_ wh'ioh Wikl not strikc the vertical. vires the f'mction
which will not strike the horizontal wires is also 1l -~ D + t .
The probability a partlcle passmg freely through the mesh is {herefore
(1 bl D M L t )20 .
—a

W
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-  b)  Cylindrical parficle -
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.The particle wili be ‘considered to have random orientation and Qirection
‘of flight normal to the mesh, This latter assumption will lead to the haszard
being scmewhat over estimated and the results will therefore be conservative,

If the cylindez; has diameter a length na and the axis makes an angle g
with the zx plane then the projection of the cylinder in the y dimension is

N ‘. 1= nasn @+ acosh

For a given o) the probabmllty of passing freoly between the horizonta:

2 B wires is (from Section (a) )

o g:i-q+t‘:l-%_(nscn9+cos@)~

L ' b s

P 3 T |

o © The probability that § will lie within the limits £ and 8+dBvaries as cog @
Combining those two possibilities gives P - {| - %@Lsme +cas0)- L}co_qad,g

where tho limits of 6 are O and 9
. and a{nsnB'+ cosB) = d - &

)ﬁ‘, II' tho axis ‘of ‘the oylinder makes an ansle q‘.‘) with the y2 lane then the

e projaotion of thd oylinder in the x Jdiywnuion iz given, for vl valucs of 8
VoL by
7
’f

B Dv = macos8sin + ac05cf>
© Tha probability ‘of passing between the vertical wires for a given Qwugb is
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