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Introduction ) . . . 4

The flammability limits of gas mixtures have rece:.ved a cons:.demble amount of
attent:.on, both experimental and theoretical, for many years., A comprehensive
review by Coward and Jones (1) discussed the available experimental methods and
results, and gave detailed lists of values of flammability limits, There have
been further more recent reviews, e.g. by Linnett and Simpson (2) Prom these
reviews it appeared that the determination of the flammability limits of gas mix-
tures in motion had received relatively little attention, Most of the determina-
tions with moving gases had been made with flat flame burners; these tests were
confined to the lower flammability limit and very slow rates of flow and the re-
sults showed that weaker mixtures would burn under these conditions than would burn
in static mixtures in a tube. However, with burners, the conditions of test are
quite different from those with tubes and the variations in the limits may not-
necessarily be due solely to the flowing gas, Coward and Jones also mentioned
tests in which gas mixtures were moving slowly along pipes or were stirred by fans
in more compact vessels.” The gases tested under one or both of these conditions
were methane, ethane, diethyl ether, and natural gas, mixed with air, When the
gas m:_xtures -were moving slowly the lower flammability limits fell slightly, and
this also’ occurred when the fans were running at moderate speeds, With high speed
fans the lower limits increased again, There was, however, no record of experimen-
tal investigations covering gas mixtures flowing in tubes over a wide range of velo-
cities and covering both the lower and upper flammability limits, An investigation
of the flammability limits of propane/air mixtures has therefore been undertaken in
which the flows ranged from static conditions to well into the turbule;nt flow region,

The possibility of the lower flammability limit varying with the gas velooity
has an important industrial application, In this country it is usual to‘design
industrial plant carrying flammable solvent vepours, mixed with air, so that the
concentration of flammable vapour in the ventilation and solvent recovery systems
does not exceed about one-third of the lower limit as measured under static condi-
. tions, If the lower limit decreased markedly when the gas was in motion,the margin
~of safety would be seriously reduced. {

. r

~ Experimental

The perspex tube in which the flammability limit determinations were made was
straight and horizontal in the experimental section (Fig, 1). The internal diameter
of the tube was 6.4 cm, The airflow from a centrifugal blower was mixed with pro-
pane from a cylinder, after metering with rotameters, and the gas mixture then flowed
along a straight tube 411 cm long, round a right-angled bend, through a straightener
and into the experimental section (F:Lg 1). The. straightener conSisted of a crimped
ribbon flame arrester, crimp height 0,053 cm, and depth 3.2 cm, which also prevented
flame from propagating back into the mixing section., The most satisfastory form of
igniter, which was sited 291 cm downstream from the straightener, was fourd to be a
15 cm or 30 e¢m length of 34 S.W.G, constantan m.re, wound into a coil, which was
fused by 18 or 24v accumulators. . .

The propans ‘was specified by the mamufacturers as being at least 97 per cent
pure; atmospheric air was used, without drying,

The experimental procedure adopted when measuring the flammability limits of
noving mixtures was to allow the mixture to flow for about ten changes of the gas in
the tube, before attempting to fire the mixture, If the mixture ignited a dim flame
could often be seen 1 - 2 m downstream from the igniter and the pressure ;pulse caused
by the flame distnrbed the bob of the air, rotameter. When firing a static mixture
the tube was filled in the usual way but just before firing the air and prope.ne flowa
were cut off sufficiently rapidly to prevent any change in the composit:.on of the gas
mixture in the experimental section of the tube, Ignition was detected By visual
observation either of flame or of water condensation on the walls of the ‘tube, If
a mixture ignited the propane concemtration was changed by 0,25 per cent and the test
repeated until a concentration was found which failed to ignite in at least five
successive tests,



R'esults and Discussien

The results obtained for the. lower and uppecr flammability limits of pro=-
pene/air; mixtures. flswing -at verious.velocities are shown in Pig 2 and'3 res=.
peotively. It is clear that both limits:are affected by the gas flow; particu--
larly at,.gas. velocities up to 100 cm/s. The effect is less marked a.the Lower-
limit, Pig 2, but.is, however, real, In six tests with a static 2 per- -cgnt’
mixture, after filling the tube at 26 or 52 cm/s; no.ignitions ocourred; where-
.-a8 when the same mixture was fired whilst in motion ignitions ocourred at beth
velooities. The walue obtained for the lower limit under static conditions:lay.
between 2:0 and 2425 pér cent propane in air; oloser values could not -be.ob=
tained with the flowmeters used, The valua given by Cowerd and Jones (1) for
upwerd propagation through a static mixture in an open vertical tube is 2°2 per
cent propane, and a similer value was given for propagation in a 2 £ globe,

The present result is in agreement with these findings, With moving mixtures
the lower limit dropped 'in the present experiments to within the range 1°7% to
2°0 per cent propane but did not decrease further, end appesared to revert 'Eo the
20 o 2.25 Per cent range at gas velocities above h.OU‘q;/

" The variaticn at the upper 1limit was more marked (Pig 3); ubder static
oonditions the value was below 8 per eent propane, whereas in a flow-of omly .
52 an/s 1t had increased to sbove 9 per cent propsne, This différence was not’
+.due. to errars in gas fIow measurements since in five tests with a static 8 par :
. eent mixture, after £i1ling the tube at 52 an/s, no ignitions were obtained,. 'A
. further gffedb obtained fairly often with upper limit mixtures was the stabilisa-
'tion of a flame at the mauth of the tube after ignition of the gas had ocourred;
This flame stabilisation ocourred with gas fIows of 26, 52, 104, 129 and 220
on/s eanposed” of the respective ignitahle mixtwures ahom in Fig 3 and proved
that the flame had travelled down frrom the igniter to the mouth of the tube, -
.a.distance of more than 1im (Pig 1), The values given by Coward and Jones

- (1) for the upper limit, measured under static conditions, ranged fram 9.5 per
..oent propane for upward proPagation in an open vertisal tube to 7,3 per cent
‘propane for propagation in a large closed globe, All the present resulta, for
static and row:lng mixtures, fall inzide this renge. .

-

By taking the visoosity and density of the gas mixture to be those of air

v at 20°%C 1t may be shown that a Reynolds number of 2000 was obtained when the
-.:gas flow. was 48 cn/s, end a value of 3000 was obtained with a gas flow of 72 -
; aq/ 8. - Thus appreciable variation in the flammebility limits ocowrred whilst-
-the gas flow before ignition was streamline, and the variation wes maintajned-

' ~until the initial fIow was well into the turbulent region. It appears that -

© .8 more detailed exemination of the lower range of velocities might yield in-
teresting results, '

Gonolugons

1., The fIemmebility limits of propane/air mixtures were wider when the gas -
was moving at modeérate velocities than when the gas was stationsry. The
offéct was more marked with the upper limit than with the lower limito

2, At higher velooities the limits narrowed againo

3. The ‘variation of the lower limit was not sufficient to appreciably re-

~ duoce the saféty of indistrial plant designed to carry the vapours of flemm~-
able solvents in concentrations of about one third of the lower fIamnahility :
limit; as measured under static conditions. ‘
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