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SUMMARY

Partic1.es produced by fusing of copper wires with a current up to 1200 AI.
250 v ; D.C. penetrated the apertures of crimped ribbon arreaters and remained.
incendive in atmospheres of ethylene and diethyl ether in air~ Penetration
could be prevented by c.ontaining such parliclea within s,trong insulating
slel!'Tes around the wires.

KEY VORm: Flame arrester, particle incendive.
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INTRODUCl'I Ol'l

Results obtained in a previous investigation! indicated that crimped',
ribllDm flame arresters when, exposed to arc discharges obtained by fusing copper
wires with an electric: current, stopped propane-air mixtures from being
ignited. by molten particles, of copper penetrating the arresters. This paper
is an extension of the work and; it evaluates the capability of the arresters
to: function in a similar manner in atmospherea of ethylene-air and ethyl
ether-air. This work was carried out as a part of a programme aiming at the
development of a new method of protec-tiom of equd.pmerrt by the use of flame:
arresters.

Explosion v.essel

A 9 1 mill! steel cubicf;ll vessel wlillSusedi for the experiments. This hal!
detachable a1uminium alloy elLS. HP 30) covers, with a central venting hole,
for mounting a flame arrester of 11 cm diameter. Several bosses were
prova.ded, for introducing the power supply and the insertion of pressure ,
measuring gauges. This vessel rested within a 440 I cubieal enclosure, one
aide of which was provided with a relief vent ,sealed with 0.0038 em thick
polyethylene film.

" ",1
Flame arresters :""':

, The flame arresters were of nickel chromium. alloy and nickel. They were
made, from alternate. lengths of straight and crimped ribfum packed together. ,
The lawers of the. allay ribbon w,ere joined by weldS on both sides of the;
arrester, outside the working area. The, nickel riboom pac:k was cased d.n
sheet metal. Both types of arrester were, mounted in an apJlllI'opriate vessel
c:over with a central vent of 11 em diameter for the arrester. The arresters
had; a crimp height of 0.051 cm amd length of aperture: 2.5 em, In some tests
an obstall:1e was inserted in front of the arrester. This was a, metal plate
16 cm diameter held in position 5 cm away from the arrester outside the,
vessel.

Power source and power regulating unit

TW1enty lead-acid accumulators were used, as a power source ail; 250 v , D~C.

lfith these it would be posaible to obtain for a short time a maximum current
of 1700 Ai. with no external resistance. Fig. 1 shows a diagram of the circuit
used..



Resistance A could be adjusted to obtain the desired prospective current.
The prospective current is that which'would flow,·in the circuit if the fuse
wire were replaced· by a resistance of negligible value, and which did not fuse.
Contactor·B was actuatedc by a relay to make the circuit. iii. double beam '
oscilloscope measured the voltage across the fuse wire C and the current across
the shunt D. The traces of both current and voltage were obtained for all
the wires with prospective currents of 330 and 1200 A.

Fig. 2 shows a photograph of· the power supply and the control gear.
E indicates accumulators, and ~ is a variable resistance; B is the contactor
with an actumtiilg solenoid through an intermediate relay, and is introduced
to reduce interference'on the cathode raY oscilloscope.

Wires

10 cm lengths of tinned copper wires of 0.025. and 0.071 cm diameter
(33 and 22 a.Wi.G.) were used. These vere mountelli in such a wsy that a 5 em
lsngth of wire 'was 1.3 cm away and parallel with the arrester.

Preparation of 'the flammable mixtures

A 6.5 per cent ethylene-air flammable mixture was prepared. by metering
and mixing of appropriate flows of air and ethylene.

Ai. 3.4 per cent ethyl ether-air mixture WIllS prepared by continuously
evaporating a metered volume of ether in a glass condenser heated. by water;
the vapour was Q.B.J.Tied. awaw by the metered stream of air sweeping the
evaporating tube~ The explosion vessel was filled by displacement.

Procedure

The exp1osion vessel fitted. wi th the appropriate arrester and fuse wire
was. placed inside the 44,0 1 enclosure fitted with the polyethylene diaphragm.
Rath vessels were then charged with an appropriate, flammable mixture; the:
volume of gas mixture pa.ssedi lIIas e'l.ual· to ten volumes of the large enclosure.
The fusing Cidrc:uit wa.s then made and if an ignition occur-red; in the outer
enclosure it venteGlL by rupturing the polyethylene diaphragm. If there was
nc ignition. the mi.X<.ture was disposed.. of by igniting it subseo;.uently with an
electric spark.

Results'

c.haraicteristics of current and voltage during fusing of copper wires.

Fiig. 3 shows a record of voltage and current while fusing a wire. All
tes.ta were, carried out ' with a prospective current .of 120ClA. Soowafter
making .the cirll:Uit the current rose to a peak value A and then slightly
deceli.ned to B. During this period the voltage across; the wire rose steadily
to C. Both traces during this period are represented by solid lines. Lt
point B the current commenced!. tc decline rapidly until it reached zero, at
the same time the voltage rose and with some wires, exceeded for a short time
the open circuit vadue , The traces during this period w.ere represented by
a broken line and this was accepted as the arcing period. With thicker wires,
the maximum current attained the value of the prospective current; with
thinner Wlires.. however, this value was never reached.
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~ormance of arresters

TaiIlJle 1 showa the results. of tests with nickel chzonriunn alloy ribho~ and)
nickel ribbom arresters with and without the obstael.e. Evidently with the
thicker wires in one out of ten experiments transmission of an explosiom
occurred. Results indicate that nei thar the difflerent ribbon metal nor the;
presence of obstacle had! any obvious effec.t om the performance. .

Table 2: ehows the. repeat of these experiments using nickel chromium
alloy ribbon Sirrestex Ln }.4 per cent ethyl ether-air flamma1iil.e mixture. The.
perfo:rmance of the arreater was similar to that with ethylene-air mixture;
w;i th thicker wires a= energies were, however, considerably lower, this being
probably caused by the deterioration of the accumulators.

Table} shows the attempts to contain the incamdescent ·particles wi thin
various insulating slee-ves. Bbth in ethylene and ether flammable mixtures,
only wov.en glass fibre. "covered with ·PVC gave sad;isfactory performance. Some
of the results show. low arc energies, again this being probably caused- by the
deterioration of the accumulators.

Discussion

. The mechanism of ignition of gaseous mixtures b;y fuxing similar wires
im atmospheres of propane-air was investigated in (1). That Wlork showed
that hot parti~es of metal produced by arc discharges, penet~ted the
a.rrester and that aluminium particles were capable of causing ignition of
propane-air mix;tures. Photographs indicated that these psrticles were
reacting vigorously with eur.eoundf.ng oxygen throughout their flight after
emergence. from the· &rrester. Copper wire produced less. bright particles
and there Wail evidence that their temperature dropped soon after the emergence
from the arrester. The latter condition obtained in the present experiments,
but both ethylene and ethyl ether-air mixtures were ignited by hot particles
of copper with little or no chemica.l aetivity while they were airborne.
There has been relativel,y little work done in the past' on the aeeaani.em of
such ignitions2, 3, 4, and. it was concerned with the minimum ignition temperatures
of various hydrocarbons by hot spherical projectiles. The authors reported
tha.t : the ignitio!l temperature increased substantially with the decrease in
size of the particle, tmm g8lS and hydrogen-air flammable mixtures were ignited
at lower temperatures than pentW1e~ir mixtures. Particles made of material
having good. thermal conductivity,ignitedla given gas at a lowex temperature
than the same sized particle made of low oonductivity material. The'
eXperimental results were subjected to tentative theoreticsl analyses; at
the same time the authors indicated the great complexity of the problem.

. Results described in this paper indicate'that flammable mixtures of
group III gases (B.S. 229) in air may be ignited if protecting a=esters are
exposed, to powerfu1 arc dischargescam.sed. by short circuits involving copper.
It would also be desirable to establieh how arcs produced b:g separating
eopper electrodes compare. Ln the degree of inc.endivity with ares generated
as in the present work. It has been shown .that the hot particles could be
contained safely within strong insulating sleewes4 Although some of the
a.rc energies 'in the tests are low becamae of the deterioration of accumulations,
the.: tests, do show, that at strong insulating sleev:e will contain substantial
arc:s. In order not to transmit the explosion. the sleeve must remain
undamaged by heat and the pressure created! by the discha~ge.
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Per!ormanee of arresters in 6.5 per cent ethylene-e.ir
flammable mixture

Nickel chromium alloy ribbon 8lXrester -

I Diameter of Mean are -ExplosioIn Explosio!lll
wire cm energy J contained tramsmitted
(a.W.G.) No. of tests No. of-tests·

.'0.071 152 10 . 1 ..

(22)

-
Q.025 23 10 0

(33) - -
•

0.071 1.14 - 8 2
_.(22)

Nickell arreater

Diameter of Mean are Explosiam Explosion
wire em. energy J contained transmitted
(S.lf.G..) - No.. of t~sts. No. of, tests

0.071 110 10 1
(22)

--..
0.025 13 to -0
. (33)
-

00071 1.19 10 0
(22)

i :
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Performance of arresters: in 3.4 plin" cent
ather-air mixture.

Nickel chromium. alloy riboom arrester No obatacle

Diameter of Meam 1ilIrlC: ExplosiQJlli Explosion,
wire" em energy J conta,inedJ. transmitted
(s..V.G.) Noo of teata N.o. of testa

Q.071 .96 9 1
(22)

-,

0.025 30 10 0
(33)
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TABLE. 3

Performance of arrester with wires
protecttad by vari'aus insulating sleeves

6.5 per cent ethylene-air

wire 0.07 cm diameter 22 S.W.G.

Type of Meenan: Explosion; Exp1.osi on
sleeve energy J, . contained transmitted.

,.dro.~·of,;testa .No. of testa

Woven gllllss 150 4 6
fibre

lIloven glass I
I

fibre covered I 69 10 0

Iwith I1'lC

V,arnished 50 7 3
woven terylene

3.4 per cent ethyl ether

wire 0.07 cm diameter 22 S.W.G.

Type of Mean arc E:x;p1.osi Olli Explosion
sleewe energy J eontaine<il transmitted

No. of te,sts No. of tests

Vov:en glass , 144 10 -
fibre

Woven glass

Ifibre covereClll 37 10 -
1lLith PVC

I

Vlarnished 52 10 -
woven terylene

i
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