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Summary

A series of measurements has been made of the pressure developed
in explosions of pentane-air mixtures in a closed tube 6 £t long x & in,
diameter, A maximum pressure of 94 p.s.i. was found to occur in mixtures
containing 3.4 =~ 4.0 per cent of pentane. The initial stoges of {he
pressure time-record were more reproducible when a sparic was used as an
ignition source, than when a proprietary safety fuse was used,
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THE VENTING OF-GAS AND VAFOUR EXPLOSIONS IV DUCH SYSUEAS

Part 1

EXPLOSIOVS OF PEFMTANE VAFOUR-AIR MIXTURES IOi A CLOSED WUBE GfT LOHG 6IH;

DIAMETHER

D, J, Rasbeeh and 2, Y, Rogoﬁski . S VR

‘. Introductlon

. An 1mp0rtant safely problem in 1ndustry is the mltlgatlon of the
effects of gas and vapour explosions which might occur in industrial
plant. One of the ways in which this is accomplished is by the
provision of relief vents,” A programme of work has veen started at the
Joint Fire Research Orgenization, the object. of which is to-provide -

‘data which will allow sizes of these vents to be specified, In order

to-study.the reletive efficiency of various types of vents it is .
necessary to employ a standard explosion which gives a reproducible rate
of pressure rise up to the pressure at which the vents operate, This
report gives an account of a study of pentans-air explosions in a straight
closed tube 6 ft'long x 6 in, diameter, The object of this worlk was
partly to study phenomena occurring during pentane-air explosions under

these conditions but nainly to lay down conditions for e standard explosion

in the tube to be 'used in comparing the efficiencies of vents ol various
types. .

-Experimental

Apparatus

Ixplosion tube, - This was a pipe 6t 1ong x 6 in, internal clamecer
flanged at both ends (see Figure 1). Both ends ocould be- blocked: with =
blank flanges, Three 1 in, 3,S.P.T. mixing outlets A4, B and C were.

welded on the pipe at right angles, at & in., 30 and 5 £t 6 in, from

one end of the pipe, Provision was made for screwing on a pressure
measuring gauge at D or in the centre of the flanges, The source.of
ignition ‘could 'be inserted at E-through a % in. B.S.¥. {itting, 'lhe

' same ‘fitting was used for the introduction of the flemmeble 1iguid,”

The -flammable gas and air were rlxed by a6 in; dlameter centrllugal
blcwer F

Pressure recordlng_apparatus. A quartz plezc-electrlc ‘gauge, ond "
associated equipment pOf gecordlng dyn?m}c pressures, as-described-by
Margerson and Robinson and Titoan was used, " This essentially
consisted of a quartz gauge, an impedance converter, a double beam °
oscilloscope and & signal generator to give the ﬁiming wave- on- the
record, - Iigure 1 shows diagrammatically tihe layout of ‘the apparatus,
The 51ngle sweep on the cathode ray tube was recorded by a cenera ‘

Tgnition methods. In 2ll the tests the ignition source was at - che axle“-":

of the tube, ior the majorlty of the experiments, prcprleuary'electrlc

safety fuses were used These consisted of a resistance wire 0+5 to .
1+5 ohms, embedded in a flammable :substance, Vhen sufficient currvent

was passed through the wire, this. fused and-initiated the combustion of

the flammable solid, which burned exploslvely. The 1gn1t10n system and

the cathode ray tube sweep J.nJ.t:Lat:Lng circuits are shovn in Figure 2a. =

Both circuits were operated from the double pole switch-C; -On-. depre531ng

‘the switch, the circuit governed by “the" rlghx hand pole of the switch

started the single sweép of the beam on the cathode ray tube 1nstantaneously

'The "left hand pole of the switch C operated the ignition circuit,’ On closing .

the switch, relay ¥ ‘closed the contacts. 3 and the fusion of the re31etance
filament A in the fuse took place,. On'f uelng ‘the filament the secondary

winding of the induction coil E sparlked on the electrodes H and this marked .
'the 1nstant of 1gn1t10n on the eathode ray tube To reduce the radlatlon .

\
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pick-up from the spark to an accsptable level 2 suitable resistance G
vas inserted in series with the spark gap. The object of the relay I’ *
was to delay the ignition for e suitable peried, so that it could be
recorded at a sultable point on the cathode ray tube scrzen, Somo tests
were also done, mainly with a mixture containing 3+37 per cent pentane
in vhich the mluture was ignited by an inductive spark delivered from a
car induction coil; this ignition source proved to be reliable only °
within a narrow ranwe near the stoichiometric composition, ‘fhen the
inductive spark was used the firing circuit was modified as shown in
figure 2b, On depressing the’ sw1tch ‘C contacts B of the relay P
interrupted a current in the primery winding of the coil E and then the
?Park would occur in ‘the sparlz gap A, 7The widih of the spark gap was
'[m'n .

Test_p;ocedﬁre

In all experlments a measured quantity of 11qu1d nentane (boiling
range 32 ~ 400C) was introduced into the “ube at L t (see Figure 1), while
allowing the pressure to remain constant by letiing air leavé the
apparatus through the open valves A and D, Valve D was then closed,
valves B and C opened and mixing allowed to talte place for six mlnuteu.
Valves B and C were closed and Lhe mixture ignited.

The licuid was introduced as vqpour since the direct 1ntroduct10n
of the liquid into the ‘tube gave rise to errors since some of the liquid
lodged in crevices between the flanges, 'The pentane was vaporised by
" placing it in a glass bulb and surrounding the bulb with hot water, A
glass tube heated to »revent condensation connected the bulb and the
explosion tube and the residual volume of vapour in the bulb was -
expelled with hot water, ‘ R T

Tests for leeks and efliciency of mixing E 3:-" Lo -

. The’ presence of leaks within the system and the efficiency of ‘mixing
were tested by using carbon dioxide within the system rather than pentane
‘vapour, since an infra-red analyser for carbon dioxide was avzilable,

00l cu, £t of carbon dioxide was metered into the tube ‘at the same point

at which the pentane was introduced, Contlnuous SJﬂOllng durlng mixing
'showed that complete mixing toolk place in 12 mlnutes sfter 6 minutes of
stirring the carbon dioxide content had dropped by 1~ per cent, 4 separate
test also showed that during the introduction of a volume of carbon dioxide (7)
equivalent to the largest volume of pentane introduced during the experiments,
no leakage of carbon dloxlde tool: 31ace through the air leak valve kept open

' -during the. £illing. process,

| Results

e e —

" Pressure records

.. Typical examples of pressure records, obtained with 3¢37 per ceat
pentano, for fuse ignition and.spark 1gn1t10n are showm 'in Tigure 3(a)

and (b): respectively, In most of the tests vibrations of a main

 frequency of- 250 c/s were recorded. 'hése vibrations be gan at a time

- prior to the pek. pressure being.reached and developed e maximum anplitude

at the peak pressure. “Then! fuse ignition was used the shape of the pressure

records obtained, even for & given nixture was very variable, “here vas

generally a delay of between 0’02 and 0-07 sec,, from 1gn1t10n to ths

commencement of the’ pressure rlse';ollowed by a rapld rise up to sbout

30 p.s,i. ifter this, the rate of pressure’ rise dropped for a time buu

rose again shortly before the naxlmum pressure was recorded, . few fests

in which fuse ignition was used gave records without vibrations: an -

exomple of such a record is showt in digure 40: In these tests the rate of

pressure rise was much slower. and the maximum pressure was less then in .

tests u51ng th° same percentage of penitane in which vibratory records

ocourred. In nine tests carried out with a 3.37 per cent pentane mixture
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'1n whlch an 1nduct1ve spark was - used as the 1gn1tlon source the pressure

records obteined were. fuch more reproduolble than those obtalned in. tests
carried out with the same nixture using fuse as an’ 1gn1t10n source, This
point is illustrated in Yigure 5: -{a) shows the outline of . Tive tests
with fuse ignition: (b) of seven tests with sparik- ignition.” #ith fuse
ignition variations occurred throughout the whole of the:pressure record,

.Ulth spark 1gn1t10n the reproducibility of the_vres ure record vas good
up to a pressuré of about 30 - 40 p;s,i, A certain amount of variation

oceurred at hlgh pressures vhere the. records were characterised. bv
vibretions,” “then the ignition was by inductive sperk-ea varlatlon of
mixture strenvth between 2:8 per cent and 3°8 per cent, produced only

- small varlatlons in the initial rate of pressure rise; . nevertheless. the
initial rate of pressure rise was the gr atest for a 3 37 perpcent o
-mmhmef mus;ssmmninlﬁmwe6;‘ . S Teeler

“

4mx1mum pressure and mean ‘rate of pressurv

[
e 1.

‘table 1 glves a summarJ of the tests ‘carried out with the fuse
ignition source -and .contains .Bm, the maxinmum pressure reached, measured
at the centre of > the vibrationg, R4 the mean rate of rise.of pressure
between the commencement of the pressure rise ond tlie maximim; and R,

.the mean rate of rise of pressure between the commencement and the sharp

inflection that usually occurred at a pressure of 30 p,s.i, In Yigure 7

‘the makimum pressure Pa, is plotted against the composition.. i'igure.’/

shows. non-vibratory ex01051ons marked separately and they are not “included
in the méan,* Pl;ure 7 shovis that the greatest maximum pressure. of

9% p.s.1; occurs between 3.k and 4.0 per ‘cent pentane concentratioﬁ e
scatter of results does not Justily any closer limits: to -be -drawn,

¥igure 8 shows the mean rates of pressure rise plotted aga:nst the
ulconcentratlon of pentane, liere the scatter of results is even greater;
' however the meximun rate o pressure rise: occurs agaln between 3 A and
"”4 O'per cent of pentane concentratlon. o o :

' Table 1a shows pealc pressures aad average rates of pressure rige

.Por those tests with the 3.37 per-cent pentane mixture when ignition was -

by an inductive spark, Although the maximum pressures are lower than
those obtained with ignition by the fuse, the mean rate of pressure rise
was reasonebly reproducible, T e e

‘Discussion -~ - - T T
+Little work has been d?ne on e:;plosion pressures of peqtane air

mixtures in tubes, Vilson . used a-cylindrical vessel of 60:5 cu. £t
capacity 4 £t 2 in, in diameter and his results are ‘summarized in Table 2

- Maxinum- pressures in his-work were higher and "the rreatest préssure

occurred at a pentane- concentration -of 3.25 per cent, This concentration
is‘'somewhat less than that found in-the present work, The higher pressures
obtained by Wilson mey be accounted for by the relatlvely smaller’ .amount;

of coollng surface preaent Wilson quotes certain meximum-ratés of ™ ¢
pressure rise for different concentrations (see Table 2) “in this -work
large variations ocourred in the rate of - pressure rise partlcularly while
using fuse ignitich and therefore only average rates Of pressure'rise

could be reasonably calculdted., - - . R

Ef‘ect of 1gn1t10n source on reprodu01b111ty R .
The vurlablllty of the results caused hy ruse 1gn1t10n nay be
accounted for by the turbulence created on setting off the fuse, ‘
Increases in the rate of pressure rise caused by tufbﬁlence have' been
reported by 7/ilson and Preston, Roberts and “hotas: " Bhelin- (1) '
Again it is likely that the fuse started ignition at- several p01nts
simultaneously and the number of these points varieéd from test Lo’ ueSt
Hoviever “ignition by the inductive spark seems to have’ ellmlaatea the
major variations which were- encouutered Here it is likely that tHe .
initial rapid rate of pressure rise’ occurred before the flame met the
walls of the pipe which would cool.the flzme, ‘This initial portion of

\)
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“the olmehpressure curve wus,‘¢or ‘a glven mixture identical in 21l tests
and vias characte 1ued by th= abgence or any VlbrauIOQS

e v e

Stgndard ex910510n

.

The above results show uh&u an exp1031on vhich is reprodu01ble up .
to a pressurm of 30 ~ k0 w».;s5.%i, can be obtalned if an inductive spark

is used as the 1gn1t10n source, ‘The results also show that although

the most violent ex31051on,,measured by the maximun pressure developed

and the rate of . pressure. rlse is likely to occur vith the 3.k per cent
mixture, that there is little d:n.f‘ference in the rate of vressure rise

up to about 20 p.s.i. with variations between 2:8 - 3.8 per cent, if

an inductive’ spark is used. ! Since vents are expecied %o operate at

low pressures, reprodu01b;11ty in a stendard explosion for testing vents

is more important in the initial stages than in subsequent stages. It

may therefore be concluded that a mixture containing 3-4 per cent pentane
will, when ignited by an inductive spark, give sufficiently reproducible
explosions to allow the comparison of various types of vents, iiore violent
explosions could be made to occur, hawever, if a fuse is used as an.ignition
source but the se would suffer from lack of reproducibiiity.
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Peak pressures and average rates of pressure rise.

Ignition by fuse

e

) i R Ry
Pentane “he The wmean rate of rise | The mean rate of
content | maximun | of pressure between rise of pressure _
No, (per_ cent | pressure | the commencement of between the Comments
by volume) | reached | the pressure rise and | . commencement and .
(pos.i,) | the maximunm : the sharp inflection
L " (p.sii,/sec,) (p.sii/sec)
1 2 27 71 n.d, n,d..
2 " 71 222 337
3 won - 60 125 162 ifo vibrations
L wen 61 116 263 No vibrations
. O — . “.3‘4’
5 2°53 80 320 346
6 W 78 n.d, n,d,
7 noou 67 172 390. o vibrations
8 | 282 93 165 128
9 1t ] 81 358 - 55)_]_
10 t n 92 1+10 338
11 | 3.05 90 403 465
- 12 1 # 91 11-78 561
13 non 90 5L7 80 A
1. aoon 68 31).;. - _ 15.27 1 o vibrations
15 3 37 o "493 486 -
16 " 95 - 475 396
17 n.on 92 . 687 713
18 v 93 L2k 389
19 | o o« 88 587 482
20 | 37 9% 598 1350 -
21 non 86 356 557 ..
22 nwoow 88 © 510 , 566
25 | 3.95 96 389 108
2l " . 9 . 526 . .7l|-2 .
+ -]
25 1» 11+ 90 558 586
26 " 95 392 240
27 4o 50 76 220, 222 -
. {28 w 80 250 273
“i 29 ioon 75 182 388
} : :




o otm ko L,
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Pealt pressures and average rates of pressure rise,
I:nition by inductive spark

B s

B } 4\.1 i
© The The mean rate of rise
o - maximum  } of priessure between
Lt pressure the commencement of
'reached .the pressure rise and
+{p.s.1.) ~ the maxinum
D (Us:./sec )I
4 86 358
2 80 345
3 81 306
A 8L, 336
5 96 . 480
6 87 342
17 86 358 .
8 84 3367
i -9 81 115
.

‘l‘"BLE 2

ngoslona of pentane air mixtures in closed v"ssel
(a ter Wllson)

J.‘

PR

Mixture pentane " bbscimum pressure “Meximum rate of pressure rise’

per cent (p.s i.) . {p.s.i./sec.}
i2+0 93 390.
1 2.3 108 750
247 113 ' 900
1340 LA 1,700
. 53-25 122 3,300
3.5 110 | 3,700
P e Q 106 3,200
Sl 109 2, 800
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