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SUMMARY

-Explosions have been carried out in mixtures of'town‘gas‘and natural.gas
in air, in a bunker containing two partitions each with large openings. One
end of the bunker contained a large opening which almost filled the bunker
cross-section. The layout of the bunker was designed to simulate the conditions
that might occur when explosions pass.from room to room in doﬁestic_premises
before explosion relief to the outside. The gas was present in the form of a
~leyer 0.9 m (3.0 £t) thick. Pressures substantislly larger were obtained than
" those which might have been expected if no partitions were present and if the -
bunker were completely filled with most explosible mixtures of gas and air.
However the enhanced explosion pressures took place over a narrow range of
ges mixtures and it was important to control the composition of the gas layer

accurately to obtain these high pressures.
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GAS EXPLOSIONS IN MULTIPLE K COMPARTMENTS

by
D. J. Rasbash, K. N. Pplmer, Z. W. Rogowski and S. Ames o o

INTRODUCTION
_ . Following the publication of the report of the enquiry 1nto the ,collapse of
-‘lats at Ronan Eblnt advice was sought from the Fire Research Statlon on the
pressures .that might occur in domestic structures durlng explosmns1 This
edv;ce indicated that the presence of windows, doors, ete{ in the out51de walls
may reduce considerably the pressures that mey develop, and under.a wide range
of .conditions such windows and doors could provide explesion relief sufficient
to keep pressures down to quite low values., However, certain eenéipions were
specified in which the explesipn might pass from one room to another,which

could produce severe turbulence in the gas ahead of the flame, and consequently
_result in substantlally hlgher pressures These could be of the order 35 kN/h
(5 lbf/ln ) with propane and even higher with town gas. Certeln ‘special
exp1051on rellef facilities were suggested to mltlgate the development of

these pressures. ' ' '

Durlng 1969 a series of full-scale tests on gas exp1031ons in domestic
premlses ‘was carried out for the Bulldlng Development Agency by The British
'Ceramlcs Research Association (BCRA) in congunctlon with The Gas Coun01l and
tThe Atomic Energy Authorltyz. These tests ‘confirmed that Wlndows ‘could act as
" useful exp1031on rellef for gas explosions in.buildings. However, experiments
in which gas explosions moved from one room to another did not indicate that
'any eéspecially high ‘pressures were obtained. Thus the highest pressure obtained
for town gas was 23 kN/m2 (3.3 lbf/inz).

The postulated increase in violence caused by severe turbulence inan. .
explosion. considerably complicates the design of reliable explosion relief. It
is, -therefore, important to-establish the conditions under which -this may .ccour,
-or indeed, whether it can occur at all. The advice on the conditions of severe
.turbulenee given by the Fire Research Station was based almost entirely on
"small-scale tests in spaces with a mean linear dimension of 0.5 metres, and it
is possible to advance reasons that this effect might not extrapolate to much
larger dimensions. To clarify this point the Ministry of Public Building and
Works asked the Fire Research Station to design a test which would indicate



whether a substantial increase in the violence of an explosion could occur as it
moved from room to room in a dwelling, and to co-operate with the Gas Council and

the BCRA in carrying out the test.

EXPERIMENTAL
. 2
The tests were carried out on the 9, 10 and 41 June 1970 in the BCRA bunker .

This was divided by brick partitions in a manner which simulated the consecutive
rooms in a dwelling. _

In the experiments carried out by the BCRA in their main building in 1969 in
which the explosion moved from one room to another there were two factors which

mey have prevented the development of high pressures:

(1) The room in which the gas was ignited was provided with good explosion

rélief, and this explosion relief was greater than explosion relief
in the room into which the flames travelled. These are conditions
where the inerease in violence might not be very marked, since the
gbdd'éxplosion relief in the room of ignition could provide "back
relief"'. One would expect that the most violent effects occur when
an explosion is relieved almost entirely through the door of a room

" into another room and not through the window of the room of ignition
to outside. '

(2) Although the gas was introduced into the rooms in a mamnner which might
occur in practice, this precluded sufficient control of the gas flow
to allow definition of the precise quahtities and concentrations of
the gas mixtures present. Small-scale tests on ducts have Suggested3
that a large increase in the pressure in explosions due to severe
turbulence might occur only over a narrow range of fuel gas concentrations.
It is quite possible that in a comparatively small numﬁer of expefiments
where special control had not been exercised the relevent concentration

range might have been missed.

The experiments were set-up to take into account particularly the above two
points. '
SUB-DIVISION OF THE BUNKER i

Figure 1 shows a diagram of the bunker. It was 5.5 m (18 £t) long, 3.05.m (10 ft)
wide and had one open end. The height of the bunker varied since portions of the roof
were arched and other portions were flat. The mean height was approximately 2.1 m
(7 £t). The bunker was divided into three compartments by two walls, W, end W,.
W, was 0.22 m (8.75 in) thick and its inside was 2.14 m (7 ft) from the closed end
of the bunker. This wall contained two openings, VH and Vs rising from the floor,
each opening measuring 1.53 m (5 ft) high and 0.64m(2 ft) wide. The inside edges
of these two openings were 0.61 m (2 ft) apart.
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W, vas 0.3k m (13.5 in) thick and its inner face was placed 1.53 m (5 ft) from
the outside face of W W was bullt as a pillar straddling ‘the centre llne of the
bunker, was 1.53 m (5 ft) long and reached from ceiling to the floor of the bunker.
This left spaces V; and V, in the wall 2.1k m (7 £t) high and 0. 76 m (2 5. ft)
wide on either side. Into the front end of the bunker a wooden frame F was_,|
fixed to contain an openlng Vs_ measurlng 1 60 m {5.25 ft) high by 2.86 m (9. 33 ft)
wide. This wooden frame contalned provision for clamplng a polythene sheet to .
close the openlng The walls thus ‘divided the bunker into three compartments,'

A, B and C, and “the de51gn allowed a study of the ‘effect of movement of the exp1051on
from an enclosed volume A through spaces Vq and Vé which 51mulated doorWays

into another space "B which could simulate a corridor, and thence into a third .
Space, G, ‘Which could be regarded as simulating a room w1th a large exp1031on _J
relief, The open area in the walls, “H and W was in two parts to allow the
partlal blocklng off of" this area 1f deemed to be necessary The tctal area of the
two openlngs in W was epproxlmately the same as the area of a normal doorWay.l‘The
total area of openlng in W, was substantially greater than the area of a normal

2
doorway. Vv Was the size of a large w1ndow

5
METHOD OF INTRODUCING THE GAS MIXTURE

‘When town .or natural gas flows into a room due to some- fault or:leak it tends
to accumulate.under the ceiling. However, according to the conditions of entry of
the gas into the room or rooms, it is possible to visualize a wide range of mixtures
of the gas with.air. It was importent, therefore, to introduce the fuel into. the.
bunker in a way which would give a layer of known thickness and controlled
concentration, It has been shownh that to introduce a gee.lnto a room-or & compart-
ment in a way which would allow reasonably controlled layering of the gas wlth respect
to the air in the rest of the compartment, requires certain entry conditions, as
follows: .. ..- - - o ; e (

(1) The gas if lighter than air .needs to be introduced near the ceiling.
(2) The dimensionless number N,, given by equation 1, at the point of
‘introduction should be greater than unity:

v, - %‘féf— I . (1)
v L .

where L = vertical dimension of the entry duct
v = velocity of the gas as it leaves the duct
J/{: = density of injected gas -
z%P = difference between the density of the gas present and the

injected gas

and g = acceleration due to gravity.




N{ ~may be regarded as a local Froude number at the entry point, and is the ootio
of the buoyancy forces which promote layering and the gas momentum forces which
would stir the contents of the bunker and promote turbulence. The iﬁvestigqtiont:
referred to showed fhat.reasonable layering‘ooﬁld be achieved by pasoiﬁg the‘gaé:
through diffusers at the point of entry into the oompartmento; 'the effect of
Ithese diffusers was mainly to reduce the velocmty V.

On the basis of this work it was estimated that to produce good 1ayor1ng in .
the bunker the gas should be introduced at a point under the ceiling of each of '
the compartments A, B and C through oyllndrloal diffusers measuring 0.45 m '
(18 1n) long x 0. 076 m {3 in) diameter, The diffusers were constructed to these :
dlmen31ons from 30 mesh metal) gauge; one of them is shown in Fig. 2 |

The objective in the experiment was to set up layers of town gas and natural
gas of dlfferent controlled concentration and constant thickness. This would
give 1nfbrmat10n on the range of conditions under which the pressure of the_
exP1031on mlght be increased. The development of the oontrollod gas layer
in the bunker was monitored by taking frequent samples from six sampling points;
two in each chamber. One of these two sampling points was 0.61 m (2 ft)rbelow
the ceiling, and the other was 0,92 m (3 ft) below the ceiling in compartments
A and C; in most tests the second sampling point was 1.22 m (4 ft) below the
ceiling in compariment B.

The. experiments were carried out in the following order and with the
following gas layers, all nominally 0.92 m (3 ft) thick: i

(1) 100 per cent town gas

(2) 4O per cent mixture of town gas in air
(2) 20 per cent mixture of town gas in air v

(4) 20 per cent mixture of town gas in air i nominally stoichiometric
(5) 415 per cent mixture of town gas in air

(6) 30 per cent mixture of town gas in air

(7) 10 per cent mixture of natural gas in air )

(8) 10 per cent mixture of natural gas in air ; nominally stoichiometric

The town gas had the following composition:

Hydrogen 39.8 per cent

Oxygen 3.57 per cent
Nitrogen 19.3 per cent

Methane 28.6 per cent
Carbon monoxide 0.75 per cent
Carbon dioxide 7.13 per cent
Ethane 0.91 per cent




The natural gas consisted of 87 per cent methane and approximately 13 per cent
ethane. It was estimated that the stoichiometric mixture of town gas contained
21 .4 per cent of gas and the stoichiometric mixture of the natural gas 9.1 per
cent, Normally .the most violent mixture in explosions is slightly richer than
the stoichiometric mixture. It will be noted that in experiments 3 and 4 and -
experiments 7 and 8 concentrations of fuel gas were approximately stoichiometric.

The gas was introduced into the bunker over a time varying between 15 to
25 minutes. Criteria for a good layer were as follows:

(a) Por .the first five minutes or so only a very small fuel concentration.-

was to be registered at any of the sampling points. ' R T

(b) Thereafter and for the rest of the time the concentration of ‘the gas
at the three sampling points 0.61 m (2 £t) below the ceiling should
- be approximately the same, and all substantially gredter than -the’
concentration at the other sampling points. It might be noted herés
that under conditions of perfect mixing the gas concentration would
" build up uniformly at all the sampling points soon after -the

introduction of the gas. CoarnoEn

The layer was taken to be established when the concentration 0 61 m (2 ft)
below the ceiling was 90 per cent or more of concentration of the 1ngected gas,iﬁ
and at the sampling points 0.92 m (3 ft) below the ceiling, 50 per cent or morﬁfﬁ
.The total theoretical quantity of gas reqplred to produce a layer 0. 92 m (3 ft) K:
thlck was 13.3 m3 (470 ftB) In general it was found that the quantlty of gas o
that had to be 1nJected to produce the above layer was somewhat greater than
this, the flow rate of gas in most of the tests being 51 mﬁ/h (1,800 £e2/m). _
The reason for this is that alfhoughAthe oracks in the bunker were sealed up_aé'”
far as practicable, there was still some seepage of gas out of the bunker. o
Théfe'ﬁas aiso, of coﬁrse 8till a certain amount of diffusion of'gas to the
lovier part ‘of the bunker. ' :

With all the experiments with town gas it was found practicable to
establish a good layer of the injected gas, although in experiment 1, because
of fluctuations in the flow, and in experiment 5, it was not possible to quite: )
reach the standard set by the above criteria. Howevef, in the first experiment’ )
with natural gas (experiment 7), it was clear from the beginning that a good
layer was not being obtained. An attempt was made to retrieve the situation -
during the last 5 minutes of the injection periocd by increasing the concentra-
tion of the injected gas by 80 per cent. This gave concentrations at the r
sampling points which approximated to those required. It had been noted earlier

that only about 20 per cent of the area of the diffusers were effective in
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reducing the gas velocity, and owing to the very small pressure differential
(see equation 1) associated with.a 10 per cent natural gas mixture, the value.
of N1_ may well have been reduced to below the critical value for layering.
Following experiment 7 the whole. area of the diffuser was made effective by
wrapping a plastic foam mat round it (Fig. 3). This had the effect of
producing very good layering in experiment 8, the second experiment with
natural gas.

During the introduction of the gas, and in the following period up to the
5 at the end of the bunker was sealed with a
double layer of polythene 0,13 mm (0,005 in) thick (Fig. 4).
MEASUREMENTS OF PRESSURE AND FLAME MOVEMENT

The pressures developed by the explosion in the bunker were monitored by

explosion the large vent V

5 piezo electric gauges with.a natural frequency of 40 kc/s situated 0.61 m
(2 ft) .from the ground at the points marked P in Figure 1. (P and P2 for
compartment A, P3 for compartment B and P4 and P5 for compartment c).

- The gauges were insulated from the effects of the gas flame by wrapping
the body of the gauge with several layers of insulating glass cloth, and
smearing a silicon grease on the front face of the gauge. This precautlon .
reduced the possibility of spurious readings which might occur when the gas
flemes impinged on the gauges. An ionization gap G was 1nstalled Just
inside‘the centre of vent V5 to allow a measurement of mean flame ve1001ty
between the point of ignition and this vent. A cine record was also obtalned
in many experiments using a camera focussed on the mouth of the bunker. The
speed of the camera varied between LOO and 750 frames/second. The dlrectieﬁ o
from which the record was taken is shown in Fig, ' o
IGNITION _

The gas was ignited in a region 0.15 m (6 in) in front of the back face of :
compartment A. Three Nobel safety fuses were provided and these were suspended |
at.intervals of 0.15 m (6 in) straddling the interface of the layer approxi-
mately 1 m (3 £t) below the roof of the bunker. The duration between
establishing the layer and igniting the gas was kept as short as possible‘anq

in general was approximately one minute.

RESULTS
PRESSURE AND IONISATION GAP RECORDS
- Table 1 shows the maximum pressure.obtained in six of the eight experiments,
and also the times taken for the flame to travel between the ignition point and
lonization gap at VS. Pressures reached several pounds per square inch in
each of the three compartments in the experiments with 10 per cent natural gas
and 20 per cent and 30 per cent with town gas. In the other tests listed in

Table 1 the maximum pressures were very much lower. In the experiment with
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20 per cent town gas, the explcslon was violent. The wooden framework F
‘holdlng the polythene vent was rlpped of'f’ end parts of thls frame blown a ; '
conslderable dlstance. The hut in which the pressure measurlng equlpment o
was housed and which was sltuated at a dlstance of about 16 m (50 ft) from
the bunker was also bodlly moved a dlstance of O 15 o (6 1n) In the
experlment w1th a0 per cent natural gas, . the wooden frame was also completely
ripped off. In the experlment w1th 30 per cent ‘town gas thls freme .was
partly ripped off and in the other experlments llsted 1n Table 1, it was.
not affected. . _ L

In experlment 3 whlch was the flrst of the two experlments cerrled out
with 20 per-cent town gas, the pressure records were Sp011ed flrstly,
because some of the records went of f the scale as the pressures were.
unexpectedly hlgh, and secondly, because the heat from the flemes Sleled
some of the other pressure records. The exp1031on, hcwerer, was of a similar
v1clence to that, 1n experlment L Wthh follcwed.: t- p _ o ‘1;: ‘\

In experlment 7 W1th nomlnally 10 per cent nstursl gas the pressures
reached were 3.1 kN/m (0 45 lbf/ln ) in compartment A, 2.8 kN/m (0 4 lbf/ln )
in compertment B and 2 1 kN/m (O 3 1bf/1n ) 1n compartment C.: It W111 be
seen that these pressures ere very much less thsn those glven for test 8 in
Table 1. However, the development of the layer in experlment 7 was poor,
and there was uncertalnty as to whet ectually was the composltlon of the'
layer. ‘ T ' T

In a1l tests in which pressures greater than 7 kN/m (1 lbf/ln werd it
measured the pressure records at all- meesurlng p01nts were cherecterlzed
by sharp rises’ ‘in pressure lastlng 20-30 ms occurlng at the samé tlme whlch
was aldo ebout the time that the fleme srrlved ‘at the out side exp1051on
relief V5 e Flgures 5 and 6 show sets of pressure records for experlments e
L and 8 respectlvely. - T - S Te s ) IS

Tt will be notéd that the’ pressure records P1 in Flg. 2 and P3, Rh, R
P5 in Fig. 6, fell avay repldly after the peak. ExPerlence w1th these = ° 7
gauges hes shown that these are not due to any pressure chsnges but to the
effect of heat caused by the fleme and suggests that the heat 1nsulatlon i

of the gsuge needs to be st111 further 1mproved.



CIFE RECORDS
All cine records taken in the tests showed the follow1ng sequence of events.
This sequence is 111ustrated in Flg 7a to 7f whmch are shots taken from the
cine record of test 8. ' o o
(1) The first 51gn of exp1051on was bulglng of the polytnene cover
Thls bulging was shown by the reflectlon of sunllght from the top
part of the polythene the 1atter effect should not be confused o
with the presence of fiame in the v1cln1ty(F1g 7a) L
(2) The polythene then burst. ‘The tear began usually near the lower
edge of the polythene (Fig. 7b). .
(3) " Flame then appeared in compartment B. The camera was'anéled in
‘such a way'thatgthe flame first appeared at a point which was
probably near the top Vz.one of the openings between A-and'B :
"A substantial opening ex1sted in the polythene vent at thls
point of time (Fig. 7e).’ o
(4) The flame then proceeded o £i11 compartments B and C (Fig. 7d)
""and to progress beyond the remnants of the:polythene'into the
open air and to fill'the‘whole'field of view (Fig"?e) o IR
'(5) 1In tests where the timber structure blew out this occurred after""
" the field of view was filled with flame (Fig. 76).

Table 2 ShOWS the time sequence of these events for tests Nos 3, 4, 6-
and 8, The moment of ignition was not recorded on the cine record. However
by equating the time for the flame to reach the ionisation gap as glven in
Table 1 W1th the tlme requlred to reach the frcnt of the bunker .in the cine
records, 1t was possible to relate the times relatlve to the moment of ‘ .
ignition, and they have been recorded as such in Table 2 What stands out .
in Table 2 is the very much longer tlme taken in all tests for the flame to . i
travel from the ignition source to the back of compartment B, a dlstance cf
2.4 m, than it took to travel from the latter point to the front of the
bunker, a distance of about 3.2 m, Usmng the times in Table 2 mean

l

velocities in compartment A and in compartments B and C were estlmated and

are also shown in Table 2. “The speed of approxlmately 9 5 m/s in compartment h

A for a 20 per cent town gas experlment is what might be expected for a

st01chlometrlc town gas air mixture under low ‘turbulence condltlons? ThlS

flame speed indicates that the irregularity in the ceiling of compartment A

and the minor items in the compartment, did not have a substantial effect

on the flame speed., The mean flame speeds in compartments B and C were

some 10-20 times higher than the mean flame speed in compartment A, although
comparison between tests 3 and 4 indicates that repeatability of the estimate

was not good.
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DISCUSSION

INCREASED PBESSUFE CAUSED BY HIGH TURBULENCE

The object of the experiment was to find whether the 1nterp031t10n of .obstacles
in the form of walls containing doorways could.substantially increase the violence,
of a gas-explosion. To assess this it is.necessary .to have an estimate of the .
pressures. that might be developed under similar conditions in.the compartiments
A, B ard C by.themselves, or in the whole of .the bunker in the absence of any
partitions., It was not possible, to- carry out experiments on this, but as an.
alternative, estimates may be made of the pressures that may.be obtained under
the worst possible conditions of what has been called "low turbulence"1. These
are the pressures which would have developed if. individual rooms or the bunker
as & whole, had been-furnished like domestic rooms, had been filled withthe most
explosive mixture of the particular gas used. For propane/air mixtures under
these conditions:equation 2 has been p_ut,forward1 as giving the maximum pressures.,

that are developed:-

By = 1.5 B, + 3.5 K (ky/n")

By =+ 1.5 P + 0.5K (lbf/in?‘) o . e (2)

m

In the present experlments the gases used were natural gas and town gas and
equatlon 2 needs to be modlfled to take thls into account It 1s suggested thatj-
tnis mlght be done by maklng the coefflclent of K in equatlon (2) proportlonalf .
to the fundamental burnlné ve1001ty of the gas.» It may be assumed that natural o
vas had & fundamental burnlng velocity of 0.36 m/s as compared W1th that of

“opane of 0 46 m/él ThlS would result 1n the equatlon for natural gas belng'-‘:u

;Pm=15P+28K(kN/m)
'Pm'='1.5'Pv+o.'4-1((1bf/iri)- S U Ll (3)
where :Th~ = maximum pressure reached in the explosion (kN/m2 or 1bﬂ/in2)
P, = the pressure at which the relief vent opéné'fk’N/rh2 or‘lbf/inz)'“"'
and,...K = the ratiqzof minimum cross-section of_cqmpartment to the area ofziw‘

the vent. |

-In the present experiments the vent was covered by polythene. Experiments on.
the same thickness of polythene used on one wall of & 0.6 m (2 ft) cubical box
containing stoichiometric propane/air mixtures' showed that ‘the maximum explosion
pressuré obtained undéer these conditions due to'the bursting of the polythene was.
7 kN/'m2 (1.0 lbf/ihz); :Making the necessary correction for the linear dimension.
of the vent gives a value of P, of 2 kN/m2 (0.3 lbf/in2). The value of K for-

*N.B. The coefficient of F} in this equation was erroneously given as 10 in ref. 1.
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compartments A, B and C respectively was 2.5, 1.0 and 0.6. However, taking the
bunker as a whole, the value of K was 1.3; this is smaller than the value for
the individual compartment A, but larger than the veliues for the individual
compartments B and C. It is, therefore, appropriate to take 1.3 as the value of
K for the latter two compartments., Substituting in equation 3, one obtains
maximum pressures under the worst conditions of low turbulence for natural gas of
10 kN/hz (1.45 lb/in2) for compartment A, and 7 kN/h2 (1.2 lb/inz) for compartments
B and C. If these figures are compared with that obtained for test 8 shown in
Table 1, it will be seen that the pressures actually reached in experiment with
natural gas were 2 to 2,5 times larger than the pressure expected with the most
violent of low turbulence conditions for the same gas and for the same arrangement
of vents. This may be ascribed to the introduction of a substantial high
turbulence factor due to the presence of partitions; +this effect is confirmed by -
the very much higher flame speeds in compartments B and C as compared with compari-
ment A, It should be noted that if the bunker had been completely filled with
the gas/air mixture, or if the bunker had contained obstacles in the form of
furniture, higher pressures still might have been expected.

It was not possible to carry out calculations in the same way for town gas
because of the uncertainty of the burning velocity of the town gas. used and the
effect it might have on the coefficient of K. In their original exPerimehts.on

5

explosions in gés ovens, Cubbage and Simmonds ascribe a burning velocity of
120 cm/s (3.9 ft/é)'to the town gas they used, whereas the Morton Rgport6 indicatés
e maximum burning velocity of 80 cm/s for traditional town gas. On the basis of

.

information'provided by Scholte - and Vaags' one might estimate a maximum burning
veloecity of 70 em/s (2.3 ft/s) for the town gas used in the present experiments.
However, even taking the highest burning velocity (120 om/s) and applying the
same approach as was used for natural gas above, one can estimate a value of
15 kN/m2 (2.1 lbf/in2) for the worst low turbulence condition in the bunker,
i.e. the bunker completely filled with the most explosive mixture of town gas
and: air and containing furniture but not conteining partitions. Again Table 1
shows that in test 4 the maximum pressure in compartment B was twiée aé great,
indicating a high turbulence effect. Moreover, this occurred when the concentra-
tion of the fown gas used was somewhat less than stoichiometric; almost
invariably maximum pressures tend to occur with concentrations somewhat greater
than stoichiometric.

The only other experiment in which pressures comparable to that which could
be obtained under the worst conditions for a low turbulence situation, was test
No. 6 for 30 per cent town gas. The tests with 15 per cent, 40 per cent and 100

per cent town gas gave negligible pressures. Thus, it is clear that the,
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enhancement of the pressure takes place only under a narrow part of the conditions
in which explosive -effects may be obtained. One of the . factors on which there. - :
was some .doubt before.these experiments were:carried out, was that a. layer rich: .-
in the fuel gas may give as bad or even Worse an explosion under highly turbulent:
conditions as a layer of the most explosive gas, "the reason being that the <!
turbulence caused.by the explosion might spread a rich gas of:a limited volume

to form a gas mixture with the most explosive concentration over a large volume.
There is no evidence in these results that this might happen in domestic premises.
This may -be. a .consequence of the scale of turbulence which would be related: to

the dimension of .the open doorway through which the explosion passed. This. scale
may have been too large to cause a sufficiently uniform mixing of rich gas with: .-

air, which is the factor that 'governs the achievement of a high pressure.. .. Ti.ou

~

However it would be desirable to ‘carry out more-experiments to confirm-this:i Jmd.

CONDITIONS UNDER WHICH 'HIGH PRESSURES MAY BE OBTAINED

The experlments were de31gned to estlmate the 1ncrease 1n the V1olence of

the exp1051on caused by the turbulence that mlght occur as an exp1031on passes' ;
through doors from one room to another._ They were not speolflcally de51gned to "-
measure the max1mum p0551b1e exp1051on pressures that mlght be’ obtalned in e

domestlc premlses. ngher pressures then those obtalned 1n Table 1 mlght be A

expected if : ot
(1) the whole bunker were filled w1th the most exploelve mlxture of gas

“ and a a.lr rather than the top o 9 m (3 ft) of the bunker i S

”té) the 31ze of the openlng in the walls W and W

B . A 2
(3) the size of the vent ' Vs were reduced ' s

(L) there were a more substahtial cover on the vent V. than the

5 ‘.

Were reduced

' polythene sheet used -irn the present experiments; .’
(5) there were a closéd-door in-the openings“in-ﬁlQ-end'Wé,r"'
(6) a town gas concentration slightly’ richer than stoichiometric were used .

s

(7) there was furniture in ‘thé bunker. -

Apart from the first of the above p0531b111t1es, all the others mlght o
reasonably occur 1n domestlc premlses One mlght therefore conclude thet the
experiments suggest that w1th town gas as fuel pressures substantlally hlgher
than 35 knﬂm (5 lbf/ln )] mlght oocur in a severe turbulence condition which'
could be set up 1n domestic premlses. However, the experlmente also 1nd1cate
that the range of gas mixtures under which this would happen is a narrow part
of the total range of gas mixtures which, in the form of a layer, could give
explosive effects, It should also _be emphasized that the experiments were

carried out under conditions where no measures were taken to reduce the

-11 -



development of severe turbulence - in particular there was no "back relief",., To™:
elucidate the effect of these measures a further substantial programme of
research is required and it is advisable that.this is carried out.in compartments.
specially built for the purpose.
EFFECTIVENESS OF CONTROL OF LAYERING

The sharpness of the effect of the concentration range emphasizes the . .
importance of obtaining good control over the composition of the gas mixture and.
the layering in experiments of this kind. ‘The control of the layering in
experiment 5 with 15 per cent town gas was not quite as good as the control in -
the other experiments and the very low pressures obtained with this mixture may- .
have been partly due to this factor. In experiments 1-7 the gas was delivered
mostly through the last 0,076 m (3 in) of the gauze diffuser. If it is assumed
that the gas was. being evolved with an even velocity over this area, then the
value of the dimensionless group Nﬁ may be estimated as between 1.%0 1.3 in:
experlment 5, and between 0.8 and 1 in experiment 7+ In experlment 7 the _
1ayer1ng was poor and in splte of attempts to retrieve the sltuatlon exp10310n )
pressures were much less than those obtained in experiment 8 The results confirm
that there is a crltlcal value of N at approxlmately unlty above which good ;
layering is obtalned However, it Would be recommended that if further experlments
were to be carried out, then in all the experlments the diffuser should be wrapped
with a cloth or porous plsstlc foam layer, to allow the gas to enter the compart-
ment evenly over the Whole length of the diffuser. With a flow rate of approximately
17 m3/h (600 ftj/h) through each diffuser this would give a value of N very much

in excess of unity for any flammable mixture of town gas or natural gas and air.

CONCLUSIONS . ) .

(1) The maximum pressures measured in the. tests were 5 lb/in2 for town gas-air

mixtures and 3 lb/in2 for natural gas-air mixtures. i
(2) It may be possible to establish conditions in domestic. premises in which

higher pressures than these might be obtained. A ) “-
(3 Large increases in pressures and flame speeds may occur in explosions from

layers of fuel gas-air mixtures if the explosion moves‘through deor epenings

between compariments of the 51ze which occurs in domestlo premises, N
(4) The conditions in which this enhancement of the exp1031on v1olence takes L

"~ place is only a small part of the total range of conﬂltlons that cen glve"i“

explosive effects.
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Table 1

Maximum pressures reached in the explosions
. kN/m® (1b£/in?)

. Designated. | Compartment A Compartment B Compartment G | Time from
Test| ' - s ' — ignition
No. composition P b P B P %0 v
of layer 1 2 - 3 I 5 ne?
1+ | 100% Town gas 1.4 1. 1.05 0.7 0.7 36b
(4.78) (0.2) | (0.2) (0.15) (0.1) |(0.1)
2 | 40% Town gas ¥ 3.5 2.1 1.k * © L 500
(1.98) (0.5) (0.3)  [{0.2) o
-6 | 30% Town gas ® 21. 16 L 13 -, 330
(1.48) (3.0) (2.3) (2.0) |(1.8)
L | 20% Town gas 35 35 29 2L 21 '+ 270
(0.93S§ | (5.0) | (5.0) (4.2) (3.5) {(3.0) | .
5 15% Town gas | —————- -w== Less than 0.7 (0.1) =—-=cuewe—- > 950
(0.7033 '
8 .| 10% Netursel . 21 21 17 14 1% koo ¢ |
R (3.0) | (3.0) (2.5) (2.0) |(2.0)
’ 1.1 '

3iENcri:. recorded

S = Stoichiometriq concentration of fuel gas in layer. .
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Table 2

The sequence of events in explosions (obtained from cine records).
Times after ignition given in milliseconds

3 L 6 8
Experiment No. (20% town|(20% town|{30% town|(10% natural
gas) gas) gas) gas)
First sign of polythene bulging 83 147 115 122
Polythene splits 203 230 225 3L7
First sight of flame at back of 256 248 301 362
chamber.
Flame reaches front of bunker 270 270 330 400
Flame fills field of view 292 282 3kl Lk
Blow out of timber structure 320 295 409 522
Mean flame speed in compartment 9.4 9.6 8.0 6.6
A (n/s)
Mean flame speed in compartments 229 145 110 89

B and C (m/s)
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Wooden frame for holding polythene sheets
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Position of pressure gauges

Position of ionisation gap

Compartments

Direction from which ciné record was taken

n.b. Alternative flat and arched portions of ceiling not shown

F1G.1 LAYOUT OF BUNKER FOR EXPERIMENT
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FIG.3. GAS DIFFUSER WRAPPED WITH POROUS PLASTIC AS FOR TEST
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FIG.4. POLYTHENE SHEET IN PLACE DURING PERIOD OF
CHARGING OF BUNKER WITH FUEL GAS-AIR MIXTURE
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F1G.5. PRESSURE AND IONISATION GAP RECORDS,
EXPERIMENT 4, 20 PER CENT TOWN GAS
- AIR
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F1G.6. PRESSURE AND IONISATION GAP RECORDS,
EXPERIMENT 8, 10 PER CENT NATURAL
GAS —-AIR
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(b) Polythene sheet begins to split at bottoms
(N.B. Luminosity is due to reflection of sunlight
from polythene and not flame)

FIG.7. SEQUENCE OF EVENTS IN AN EXPLOSION
TEST 8 TAKEN FROM CINE RECORD
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(¢) Flame appearing in compartment B.
Large opening present in lower part of polythene
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(d) Flame reaches front of bunker

FIG. 7 (cont'd)
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(e) Flame progressing outside bunker
to fill field of view

(f) Wooden frame becoming dislodged

FIG.7 (cont'd)
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