3

DI iPARTHENT OF SCIEZNTIF IC AND INDUSTRIAL

T T Y ;f‘hﬁ”"”""“"“"‘"‘. :"\"'r; v

.‘.4:.5.‘ L:'ﬁ ulih..ll i!..-uid'm-.i..‘../.;u

DSIR AND FOC

FIRE Re<FARCH

CORGANIZATION
&_&.RENCE !.!EM\RY

F.R. Note No. 295

JOINT FIRt RESHARCH ORGANIZATION

' mi—— e . .. § e waa

——

This report has not been published and

informa tion.,
it in any publication without the written
consent of the Dircctor, Fire Research

Station, Boreham %ood. Herts. (Telephone:
ZIStrec 1541 and 1797

should be considered as confidential advance
No reference should be made to

RESEARCH AND FIR: FOFPICRS' COMMITTER

THE PERFCRMANCE O SPLRK GUARDS

by
J. H. N%uire & Margaret Law

= G -

Sunmary

The probabllities that various sizes of live coal will
ignite various domestic materials have been determined.

In

addition the maximum probability that a coal will pass through

a mesh has becen calculated.

Combining the two results has

given a measure of the cfficicncy of spark guards in reducing .

fire risk.

File No,
February, 1957,
Herts,

Pire Rescarch Station,
Borcham Yood,

© BRE Trust (UK) Permission is granted for personal noncommercial research use. Citation of the work is allowed and encouraged.

iR Y



[T

TH? PERPORMANCE OF SPARK GUARDS
by
J. H. XCCuirc & Margaret Law
1. Introduction

" The fire brigadds in the Unitcd Kingdom arc notificd of about 6,000
incidents cach year . in vhich domestic open fires, either guarded or not,

are regponsible for igniting nearby materials other than structural tnnber
undemeath the hearth, “lthough all means of ignition (e.g, clothing falling
on %o the fire vhilst b01ng aired, ignition by radiation etc) are included

in arriving at ‘the above figure 1t is probable that the usc of almost any
form of spark or fire-puard ® would substantially rcduce the figure since

it

viould ensure that combustible materials were kept clear of hot coals. The

scope of -this note is confined to the fire risk crecated by flying coals and
sparks and the reduction in this risk which can be brought about by theo use
of a spark guard: The ignitability of materials by flying coals and sparks

The effect of the use of a spark guard on room heating is also-

has been determined experimentally and the effect of using a spark guard has
‘been assessed by combining the above results with predictions of the
_probablllty that a live coal will pass through a8 sp001f1od spark guard mesh,

discugsed and brief refercnce 13 Hade to thc usc of non-flaﬁmablc nylon nLt '

as a spark guard.

2. The Ignltlon of Domestlcjwaterlals by Livc Coals

In the experimcntal work standard conditions were obtained by heating .
the coals in a bunsen flame., They were thus ignited quickly and could be.
projected on to the samples of materisl whilst still distilling volatiles .- .
at a sufficient rate to maintain. fluming. To represent the most hazardous.: ..

conditions likely %o be encountered in practice, the codls were droPpcd

direct on to- thc matcrlal a distance of about three inches.
4.

The expcr1mental dlsp051tlon of the material vas as shown in Flg 1 and

Plate 1 and gave conditions of air supply to tho coal Qnd heat transicr
between the coal and the’ fabrlc vhich favoured ignition, . :

The coal used in all the tests waS‘Hidland Singles, which is a bitumiﬁoﬁs,

high volatile, non-colking coal..
[~ ! 3

Table 1 lists the materials tcsted for ignition by burning,coals.
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* 4 firc-guand is a. rigidly fired device intended flrStlj to: prevent = i

children and infirm people from falling on to the fir¢ and socondly to -
reduce the risk of” 1gn¢tion -of clothing vhich, whilst being worn, might
otherwise be brought into contact with hot coals. 4 spark guard is a !
device intended to. rotaln flying coals and sparks and is USually not as
robust as a fire-guard,
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L Teterial | Velghbmitarea |
Cotton ' ! Le2x10 /end
- Viscose Rayon Nct - l: 1.8x 10“0 gm/cmz
oy '.Hes mn Scrlm Do | .2 2 x 10-2 gln/cmz_ ,

,';Newspaper ("The TlmCS") : ',_5'.5 x 3_'0—5 gm/cr'n?‘

Bclgian Cot ton Garpet - 0.12 ' gm/cmz

' ‘Surgical Cotton Wool =~ | ~——==-.
. , Lo |
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£11 thc specmons of material werc dried before tcstlng and the scrim
was brushed sincec it was found to bc more easily 1gn1tcd in ‘this condltmon._'
Its appearance, when bmshcd rescmbled that of . .the scrim commonly found -
. underneath arm cha:Lrs. i

Cotton wool irrespective of its disposition, was rcadily ighited by
pieces of coal 1m1gh1ng only 0.005 gm., 4s this weight coxrecsponds to a
diameter of only 0.075 inch for a spherical partlcle it was concluded that
cotton wool would alvays present a hazard and that it would not be prachicable
to degign a spark guard to overcome this,

With Belgian cotton carpet, laid horizontally, no continuing.firc. was
started vhen. picces of flaming coal with dimensions. of the order-of 0.5 ingh
were dropped on. it. ‘It was thereforc concluded that -this material did not
present an apprec:Lablc ha.zard from thls point of view and no further tos ts
were made on it. : :

The results for brushed scrim are shown in #ig.2 .in the fornm of a

hlstogram in which cach. bléck: represents ten experiments. It has been assubmed '

that a finite probab:.llty of igniting materials exists even for coals smaller
thin those tested and a probability curve for all ranges of weight of coal

has been calculated by probit analysis (sec fppendix I). This is also showm
in Fig.2. The adoption of probit analysis automatically involves the
assumptlon that a finite (thougrh vary s:-lall) probability of igniting a material
exists even for an infinitely small picce of coal vhercas theoretically there
is almost ccrtainly a threshold éncrgy level below which a fire cannoi be
initiated. The consequent exaggeration of the hazard where very smll coals
are concerned will influencc the estimation of the performance of spark fuards.
This effecct vill be discusscd later.

4 probit analysis was made of the histograms derived from testing the
remaining materials and the resulting probablllty Curves (:anll.zdlnr that for
brushed ucrm) are showm in Fig.3.

3. The Performance of Spark Guards

(a) The Reduction in Fire Risk

Bxpresgions have been derived (sec fppendix II) from which the maxdmum
probability that a .piecc of coal will pass through any specified squarc mesh
may be calculated. Combining such data with the results given carlier in. |
this note gives theé maximum probability that a live: piccc of coal will both
pass through a spark guard and ignite a sample of material on which it fa}.‘ls.

Ty



The meshes considered were 8 mesh and 6 mesh 22 5.V.G., 4 mesh 20 S.¥.G.

and two permanent finish non-flamrable nylon® meshes illustrated in
Piate 2, ! .

The size distribution of the coals end sparks cmitted by open fires isg
not known, but thc probability of a coal of any size both passing through a
given mesh and igniting: a material will not excecd a maxirum value. The
maximum values for thc various mcshcs, taken from Figs., 4-8, arc listed in
Table 2 and can be taken as a measurc of the efficicney of a spark guard in
reducing fire risk, . If no guard is used thc probabilities of ignition for
weights of coal grcatcr than about 0.2 gﬂ tend to unity with the experimental
conditions adopted. . : .

MBLE R

MLXTMU PROR BILITIES OF IGNITION OF 5% L. TERIALS LISTFD
TN TEELS T T
- _ e -
: ' {ilaxirum probability of ignition
Guard , (parts per million)

8 mesh 22 S.V.G. 40 ppm.
-6 mesh 22 3.7.G. : 340 "

4 mosh 20 8.1.G. |. 24,000 ©
: Non- ENylon A 3,3, "

flammable( Nylon B - ; - :54 AL :* u .. -
L _— o] U |

The extrapolation, by problt analysis, of the curves for probablllty
of ignition-(Pig.3) may exaggerate the hazard where sizes of coal of less
than 0.03 gm .are considerad. Ls regards Table 2 this, wlll havc thcAeffect“

" of mlnlml31ng the value. of the.finer mesh guards. S -

- To', conflrwlthat the non-flarmable nylon nets would in fact not mclt

in practlcc, they were-hung vertically and, whilst. subJectcd to an intcensity

of radiation .of 0.5 cal. em? sec. (rcprescntlng the maximum intensity they
would ‘receive from an open flre), flaming coals with. 1inear dimengions up
to half an inch were projected on to: them, The nets were structurally '
undanaged If a hot coal rested against ecither of the nets howevcr ‘the
nylon in contact wlth the coal mc’tcd ‘ . o e

(v} -Mf_f_e_g.@_og ,Beenl_%.l_@eti_nﬁ

L, domestic open fire heats a room larpely by radiation and the use of ~
a guard will reduce radiative hecating by, to a close approximation, the
amount which is interceptcd by -the ¢lements of the mesh. . The consequent
hcatlng of. the guard contributes littlc to the heating of a room because the.
guard is cooled by the substantial airflow from the room which passes
dircctly up the flue. 4Ls a measurc of the reduction in radiation the
obscuration has been calculated in the casec of the metal meshes and meosvead
. experimentally in thc casc of the nylon nets, The results arc given in

Table 3. - . ' :

ot
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The non=flamaable nyloh net used is bondéd with a low melting tempersture -
agent so that,” if subjeoted to a flame, it melts before spreading flame,
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TLBLE 3

OBSCUR/TTON
T R -
Guard -1 Obscuration
8 resh 22 S.W.G. | . . 40%
| 6 mesh22 5,6, . | 303
4 mesh 20 S.¥.G. 27 o
Non- ( Nylon 4 )13
flammable {( Nylon B 18 50

(c) Strength of mcsth :

Spark guards w1th mctal meshes have beoen widely used for mAany years and
have becn found to be satisfactory from the strength point of view. The
three meshes considered are typical of those on the market and are
adequately strong, Nylon net guards, however, have never been available
and although they are strong cnough to deflcct hot coals they might be
damaged by misuse, It was found that Nylon 4 could be punctured by forcing
a pencil against it but that Nylon B was considerably more robust and Should
be able to stand considerable rough usage,

4.  Conclusions

The results in Tables 2 and 3 show that the 6 and 8 mesh guards are far
niore effective than the 4 mesh guard in reducing fire risk whilst the
amounts by which they reduce room heating are increased by much smaller factors.

The nylon nmeshes arc superlor to the wire meshes, both in their efficiency
in reducing fire risk and in the extent by which they reduce room heating, .
‘They are however not quite so robust and of course if hot coals come to
reat against them they will melt. This might happen if* the nylon net extends
down to hearth legvel and large coals fall on the hcarth.

Nylon net will have a valuable application in the manufacturc of combinecd
fire and spark guards. To date these have not becn popular since, if
constructed of fine wire mesh, they substantially reducc room heating., By
using a nylon instead of a finc wire mesh this effect will bc much less marlked,

It should be noted tﬁht, of the domestic materials tested, cottoﬁ wool
was found to present so excoptional a hazard that it would not be practicabple
to' design a spark guard giving a substantial reduction in -the risk.
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- PROBIT ANALYSIS

Analysis of the experimental rcsults has.been carried out on the -« .
assumption that the, probability of ignition is Gaussian with respect ‘to
the cube root of the mass of the coal. Probit .lines have beon
calculated on this assumpt:.on and thelr linearity has been tested by
the )\ test.

The equations of the probit lines for the four materials are given
in Table 1 together with the 93» confidence limits

 where ! 'y is the probit corrcsponding to a probabilify of AiAgnition P |

x:m::]-.-‘xlo

and m is the mass of coal . in pm. which g'ives probability of ignition p
T4BLE 1
FROBIT /NLLYSIS OF THE JGNITION OF VARIOUS M:TERILLS
Material . Pro‘p:i_j;_iine - 95 oonf:_dencc. l:.m:l.ts to x. 2’ “‘I-‘t-/«, ;
: . . ff ‘ v St

Cotton y = 1e441x ~ 2:634 1.12x = 065 & iosé 1{0-0;8 + 0.65'7'(:: - 5.45)5'
Viscoée S ' — ' o
Rayon Net | y = 20500x ~ 3.842 | "1:17x - 0462 % 0 92 fo 034 + Oe 241(;: Taeea)?
Heggian . ' o o e e 01 i e
Serim ¥ = 0°985x + 0.338| 1.08x ~ 0:37 % 2,14 /o 009 + 0.018(x - 4,9)2
News‘pap'er‘ y = 2:457x ~ 4°634 | 1-15x - 0-61 * 0-93 f0+026 + 0-204(x -~ 4-04)2

Il . . 7
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LPPTNDIX 1T
THE PROBABILITY OF £ P/RTICIE PLSEING FRELLY THROUGH A MESH :

The following analyses are conflned to thc probability -of a partlcle
passing freely. through a mesh. It has becn assumed that a particle which
engages with the mesh, but yet passes through, will have lost so mich
energy that it will fall to the hearth near to the- guard and w1ll thus not
constitute a severe fire hazard . .

Since no 1nfonnatlon is avallable as to the dlstrlbutlon of the

geometrical shapes of the. particles it 1s only possiblé to assess the

maximum probability by considering cxtremes of shapes., For spherical

- particles the probability must fall to zero at some,critical size, but for
alender particles it must always remain finite, The following analyses refer

to spherical and cylindrical particles. Co .

a) Opherical. particle

fglff 

- ————

EREE |

Sh |
BEERE ST

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
gphere not engaging on a vertical wire, The probability of a particle not
striking a vertical wire will now be discussed, If the centre of a particle
of diameter D lies within the x co-ordinate zero and 4, the probability of
its centre lying in any renge &x is éx4. The particle will not strike the
wire if the x co-ordinate of its centre lies within the range zerc and
_g—_g-gortherangegq-_y-p_l_)andd, i.e. a range d = § ~ D,
2 2 ’ 2 2 2

The probability of this occurring is @ = t - D.:'&-(? + i)
d
Of the particles which will not strike the vertical wires the fraction
which will not strike the horizontal wires is also }_;(D + t)
d

The obablllty a partlcle passing freely through the mesh is therefore

Q_@+
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" b) ‘Cylindrical partidle
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The particle will be considered to have random orientation and direction
of flight normal to the mesh. This latter assumption will lead to the hazard
Leing somewhat over estimated and the results will therefore be conservative,

If the cylinder has diameter a,length na and the axis makes an angle 9
with the zx plane then the projection of the cylinder in the y dimension is

D, = novsim B + acosh

For a given 9 the grobab:.llty of passing freely between the horizontal

~.wires is (from Section (a))

=1_D“+t=1-_§(ns£m9+ cosf ) -t
Y * d ‘ d
The probability that G will lie within the limits l9 end O rd.B varies

as CO.)g
Combining these two probabilities gives d.P [ . (D\,SM9+C-O$9 t} co2fd 5

where the limits of !9 are O omol 9

'-m n (msinB+cosf) =a -t

“prejaction th the 3z plane o
I# ihe - of the cylinder,makes an angle ¢ with the =z axis then the

orojestion of the cylinder in the x dimension is given, for small values of

by . _’{)vﬁ-‘- no.cos 3 S&n?ﬂ + q,cgg#




The probability of passmg between the vertical wires for a glven 9 w;ﬁls
B, = |-—DV'ft =1l -2 (ncosgsm-fﬁ + CDS# ) - t

The probability that will lie betvreenfgw'cif-l- d}ﬁ is linear,
Combining these two probabilities- gives

az, = {l— (ncosBsu«.Sﬁ +COS?{) t}d}zf

v
Whoro thc linits of': %are O Qx\d

and a(ncosgwm}{+cos§5) o(.fi

e bobel plObablllty of pas'=1ng freely through the mesh is g:.ven by

oo [*[arar

Fox partlcles of such dimensions that 5 "’*% are small, this expression
reducas to

p. {(d-f- “-)
2 nia?ol?
c) Combination of Results

It is urflikely that a very slender needle-like piece of coal would be
ejected from a fire; but as a limiting case a cylindrical particle having a
length 8 times itsdiameter has been considered.

The two expressions derived in (a) and (b) have been evaluated and
-plotted in Figure .9 for the various meshes taking the density of coal
as 1:27 gm/em® and n = 8 in the case of the cylinders, The extreme
probabilities for all shapes of particle are given by the solid curves in
Figure 9. The probability curves for n = 2, 4 or 6 lie below thesc curves.
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VIEW OF APPARATUS
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