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1'HE DOMESTIC ,FIRE HAZI)RD CREATED BY FLYING COALS AND
SPARKS

.,'

by
I

,
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J.H. McGuire,' Margaret Ie.wand
Joan.E. Miller

, '. ,
l-g..E:£t1 'K~ tion

, ,

i'This investigation is concerned with the fire hazard created by flJ.-ing
cOala arid i::parks'frOm domestic open fires.

, ' . ' ,

..
I

I,,,

It was not feasible tc reproduce iri the laboratory, with a dcmest~c
open fire, the conditions tol:einves tiga ted and a laboratory experimental
approaoh vto the problem has been devised. Thc results given in th:':o rC'r,,~"~'~

concern tl,1'1 probabili ties of igni ticn of various types of rna terial by '!'c'.J'b".1
sizes' of coal combined with' an estilmtion of the, probability of such c(,,,1:,;
'passing freely through a spark guard typioal of those on the market.

2) ,Choice of, Experimental Prooedure

In simJ:).a ting the conditions in vihioh a s park or flying coal migh t
ignito a, speoified materi81 in a domestic dwelling the follmving three factcrs
must be oonsidered:- a) the heating of the coal, b) the applicaticn of
the o~al to. the material and 0) the disposition of the material.

L"l preliminary experiments an electrio oven-a t a temperature of
approxL~~toly 9000C (representing a glo\ving fire) ,~s used to heat. the
pieces o~ ooal. It ,was found however,that it was easier to ignite materials
when, the ooals wore heated in a bunsen f'Larne (representing a roaring fire').
Vii th' tho bunsen f'Lame there is a greater hea t transfer to the coal; thus a
piece of '0cal can be ignited quickly and can be dropped on to a specimon of
material whilst it, is still evolVing enough volatiles 'tc maintain flaming.
It was, therefore deoided to heat coals with a bunsen burner ·throughout the
ox per:l.Ine'nta • ,

. .• Tho pieces of coal were heated directly above the s pecincn of matcrial
and IIIOroly had to fall aix inches.

, The most hazardous disposition of the material 'is one in whioh the heat·
transfe:t: ,from the pf.eoe of coal is a maximum whilst the air supply rerra ins
a~~ic1ent to maintain oombustion. To meet these conditions the az-rangomorr'.
illustrated in Figure 1 and Plate 1 was used. Using one material and ;.;te,'."'"
of ooal of the aame weight preliminary tests were carried out to det'J:r:l;~i.::;;

the angles betweon tho matorial, the asbestos board and the hord.zorrtc.L ,~.;: :>:,"'.

resulted in the highest frequency of ignition., Those wer-e found to 10,"
approximately the values illustrated in Firrure 1 and those valuos wen'
maintained throughoUt the subsequent tests. .

,
,~. ,The ooal used in all the testl! was Midland Singles, which"is a

bitW-l:inoUfJ, high-volatile, non-ooking 00£1.1, It \'IUS broken up into srm'l.;
pris::l'l'With relative dimensions of the order of 2 x 1 x 1.

3) '!'~:ateriala .Tee ted and Results'·

'I '.. ~ ~

.The following nnterials wore tested:

area =1.2 x 10-2 gm/cnf
" =1.8 x 10~ gnv/cm2
" = 2'2 x 10 gmjem2
n = 5'5 x 10-3 gnvIcm2

" = 0'1:! gnvIcm2""

a 'Cotton Weight/unit
. bViBoosG Rayon Net II II

c scrim II, "

d Newspaper("The Timed') "
" e Belgian Cotton
.' . Carpet

"t', ,'jf) Surgical Cotton
',{ ;r· ,~ :"j . Wool

• " 1', .~
, '

",!.t2~_ .., , ••, 'it •
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All's'pecimens of. mate r-iaL were dried bef'or-e tosting and about a 100·tosts
lvera made on each material with pioces of ·ooal of various sizos.

Ignition' of cotton wool was found to be easily possible with pieces of
ooal weighing only 0·005' gm. As thin 00ight, corrosponds to a dictmctor of
O·075 inches for a s pher-Lca.l .' pa r t i.c Le it was concluded th" t cotton wcol wottl.d

. always prcc cn t a hazard and tha tit would not be praoticable to dce Ign a
s par-k gum-(~ to ove rcomc this. . .

With li~J.c;inn Cotton Carpet laid. horizontally as in practice, no
continuin3 fire Was started when pieces of flaming c oc.L ,,'i th dimensions of the '
order of O' 5 inch were dropped on it. : It was therefore, concluded thn t this
material di.d not present an appreciable hazard from this point pf vim; and
again no further tests were made.. .

The i-cuul, ts for the remaining materials are presented' in' the form of
his tClgm;ns in l~igures 2, .3, 4 and 5. In the case of sorim igni t i.on \.'.'13

found to be much easier if the scrim had been brushed bef'oz-e tes ting, .!. "'C';

appeaxance resembled the serim commonly found underneath arm chairs. All
specimens of ~crim were therefore brushed before testing.

4. Interpretation of Resul ts .

The probability of ignition occurring when a live coal of a. given size
falls on a '1Mterial has been assessed by probit nnaLys i.s of the experdmen tal,
results (Appendix 1) and the probit curves arc sho'lrl in Figures 2 - 5. Coal
fires ejeot hot coals.over the size ranges illustrated but-tho probability of
a givcn sizo of eoal being ejected is not kno"m. The results Can however be
usod to assess the value of a spark guard•. The probnbility of a pieoe of
coal passing through a spark guard depends on the rluard mosh and on the sizo
and shape of the coal. An 8 mesh to the inch 22 S :,1.G. guard is in conmon use
and has' been considered in this note. Tho offect of the size and shape of tho
piece of cca.L on the probability of passing through the ['uarrl is oonsidered in
Appendix 2. The maximum probability of a piece of coal irrcspeotive of its.
shape passing freely through the guard is shown in Figure 6. By oombining
this probability curve with tho probit curves it is possible to calculate the
probability of a given size of coal both passing through the {juard and ie:niting
a material. This is illustrated in Figure. 7.

Conolusions

The probability of a pieoe of burning ooal igniting combustible t~~terial

lepends on the type of material and increases with the '.'lOight of ·the piece of
';oal. Of the materials tcs t ed (cotton wool, viscose rayon net, brushed
sordm, newspaper, ootton and Belgian cotton carpet ) only Belgian co t to-:
Jarpe.t woul d not give a continuing firo when a flaming pieoe of coal 'J,: ~,',

'limennions of tho order of O' 5 inch was dropped upon it.

The sizo of coal required to ignite ootton wool is so small' that p',r·(::."',,eG.
Ihich have a high probability of oausing ignition will easily pass thr01l[!l:'n
!park guard typical of those on tho market (having 8 mesh to the inoh,22 S:,'·:G.).
'or the rennining materials tested, however, the use of such a spark gll:lrd \',').11
.uba taribdaLl.y reduce the fire hazard. The probabilities of the optimum sizes
,f coal both passing t~ough the guard and cau~ing ignition aro loss t~~~.
',t(X)47S for sorim,O·OJ:!.5,'; for rayon net, 0.000~ for newspaper and 0'00001;0 fere
.ot ton,

--- --_. _.--- .
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Appendix 1

".

.
'Prabit ~na.lyais

. '. .' Analysis of the experdmen tak jre sul.ta has been carried out on the
aaeumptIon that the probability of· ignition is C'r8USS Lan with res poo t :to tho

. cube l'00t of the mass of the coal. Prob i.t lines have been cnloulated on
: . this. as~u~,p~..;on and their lin~arity han been .teste~ by the X1--tas t ,

• I .' / • ,. ~ . .' .' 4

:. ':: ' The equations of the pr~bit lines for the four materials arc given in
Tablo.1 toge,th.er.wi th the 9Q.:j oonf'Ldence lim:j..ts

~ .: ~h~~"'" y is the probit corr-esponddng to, a probability of lenition p
1

X :; ~ x 10

and m is the mass of coal in gm. which gives pr-obab rLi ty of igniti.on p

Table 1 Probit Analysis of the ignition of various nnterials

Probit line 95/;
!

Material oonfidonce limits to x.

l t441x - 2"634 .t j 00018

. - ...- 2
Cotton y = 1·12x - 0·/15 1·52 + O·057(x - 5°15)

/Ot031
-

Net' y ='2°509x - 3 t&12 l t17x - 0'62 ± 0"92 + 0·241 (x - 3·62)2

Brushed
j 0·009 +

-_....

Sorim I y'=·Ot986x + 0'338 1 008x - 0'37 * 2"14 0" OlO(x - 409)2

,

/0-026Newspaper y =2-437x - 4"634 l'15x - '0·61 + 0'93 + 0·201(x - 4'04 )2

: ,r
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Aeeendix 2 The Probability of a Particle Passin..s ~:r:eely through
~(" , " . ~....

.' •• t . • (110". I •

;~:: " ~ The'.'follo.W1ng analyses are confined to the probability of' a ['article
jt passing freely through a mesh.. It has been aa sumed that a particle vhach
~ ., engages with tho meah , but yet passes through, will have Los t so much en?rUy
~ ,thAt it wUI fall to the hearth near to the guard and l,i11 thus not cons titute
.. '. a severe fire hazard.· . .
·1· ...'· , .

'f.~;..' Since no .info'~ tipn . is availablo as to the (lis tribut ion of the
;': \. geometrioal shapes i)f the particles it is only pos a Lb.Le to assess the rnaxamim
';, probabilit.Y, by .o9risiderin,e 'o'xtremes 'of' shapes. !t'or sphorical particles the

probability must"'fall to z~ro at some critical size, but for 'slender par-t LcLec
r\ . it mrs t always rerOO.infini to. The follo\'qne enaLys oS rofer to S phe r-Lca L Mel

:,. .oylindri0a:!:: partie.lOS •..

, .0.) Spherioal partiolo
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t.• .,.
The ""total probability my be cons ic1erccf as tho product of the probabili ty

'of a B phcro not engaging on a horizon tal wire and the probability of a s pherc
not.engaging on a vertical wire. TI10 probability of a particle not striking
a vertical wire will now be disoUGsod. If the centro of a particle of
diwmotcr D lies ~ithin tho x co-ordinate zero and d, the probability of its
centre lying in ony runge ex is OxIc!. The particle will not s trike the wi.ro
if' tho x co-ordinate of its centre lies vithin the range zero and ~ -...L - D II:

222
or the range d + t + D and d, ·i~e. a range d - t - D•

. . 2'2;F
"

The probability,oi'this ooourring is d - t - D =
d

1 -D + td: .

The probabi11ty a, particle PU3'S i.rlB freely through
(1' ~ D +I t )2• . : ~. . .. .

,d' . ','

• .! - ~ .. c· ... • •

Of tho partioles whioh .wiJ:l not strike' the·vcrticnJ. vd.ros
whioh will not strike' the horizontal wires is also 1. - D + t •.. ,.

d
the mesh

the f'rD.C~ion

is therefore
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The particle will be 'considereu to have random orientation and direction
'of flight normal to the mesh. This la tter ae aumpbdon will lead to the haxar-d
being somewhat over estimated and the resul ts will therefore be cons e rva t i vo ,

If the cylinde~ has diamoter 0. lenrth na and the nxj~ nukes an o..nalc e
wi th the zx plane then the projec t i.on of the cylinder :in the y dir,lension is

I\.~ n Q,Sf.n, e + aCOS ()

For a Given e the probability of passing f;-coly be tween the horizonta:
wires is (~rom Seotion (a) )

~ =1 - ~ + t . :. t -.~.J 11.S tJ1,9 + cos () ) -t
d d

. d

The probability that e will lie rlthin the limits B and 8+d8V'drics as COS ()
O,OmbinjJ1g those two poS~ibilitil3s gives ,d...~= {1-~Gsi'h..e+cose)-£}cas8cie

WhOl'C tho limits of e are 0 Q,f1cL 8
o.nd n(ns(.n,S'+ cos9~ =d "- t

If tho axis 'of 'the· oylinder lllakeiJ an an:':lo ~ with t:~e Y'J!. pll.\.nu then the ..
projeotion of thd' oyl~ndor in the x JiJ,l.:n~;ion i:.; eivcn, foJ.' ~'1"'i1:U v::'tlucs of e
by-. <,.. I •

~ .' , ':. :,.~,,:::: 11.Q.-cos 8s~ ep -Ia o.-c OS rj>
The probabilitY' of passing be~w~en the vertical wires for fl. given Bo..nJ1 is

----,------_. _._---
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