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Characteristics of Gaseous Explosions in a Vessel with a Complex Inner Structure,
and Pressure Venting by Rupture Disks. *

by Toshihiro HavasHI**. and Hidenori MATSUI**

Abstract ; It has been known that explosion venting is one of the useful methods of protecting
equipment or a vessel in which a gaseous or dust explosion may occur. Although many papers
have been reported on explosion venting, most of them are concerned with explosions in vessels
with simple shape and simple inner structure. Therefore, there always arises a doubt if the
design criteria based on experiments with such a model vessel can be applied safely to protect
real equipment used in hazardous situations. As is well known, the behaviors of gaseous
explosion depend largely on such factors of a vessel, in which a flame propagates, as the size,
the. shape and the inner contents (i.e. the existence of obstacles which may induce any
turbulence resulting in the acceleration of flame speed). However, at present, no one can
predict quantitatively how such factors affect on maximum pressure attained or other explosion
characteristics.

This report describes the behaviors of gaseous explosions in a complicated vessel and also
the venting of explosion pressure when the vessel is equipped with rupture disks.

The test vessel, as shown in Fig.1, is a miniature model of a certain reactor, and is
composed of outer and inner cylindrical shells, rod obstacles and two series of coils resembled
to a heat exchanger. Each of the four openings at the top of the vessel is to be covered with a
rupture disk or a blank flange.

A 70% methane-309% hydrogen mixture is used as a fuel gas. The pre-mixed gas of the fuel
with air is prepared in a storage tank and is fed into the test vessel, following gaschromatogra-
phical analysis. The fuel content in the test gas mixture ranges from 6.5% (¢ =0.5) to 12% (¢ =
1.0), where ¢ is a corresponding stoichiometric ratio. Initial pressure of the test gas mixture
is varied from atmospheric up to 3.5 kg/cm?G.

Ignition is made, by a nichrome-wire heater, at the bottom center of the vessel. A flame
originated in the lower vacant space of the inner shell propagates upwards, at first, through the
rod obstacles. After passing through the peripheral clearance, with a width of 11 mm, at the
upper part of the vessel the flame propagates downwards through the coil obstacles. The whole
length of flame path is about 2 meters.
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Explosion pressure-time histories at six different locations are recorded simultaneously in
each test, by using a strain gauge-type pressure transducer, strain amplifier and electro-
magnetic oscillograph. Six measuring points are shown in Fig.1 as encircled numbers O~@®).

In order to find out general behaviors and to characterize explosions in this test vessel, a
first series of experiments are carried out with a totally closed vessel, varying the fuel content
and initial pressure of the test gas mixture. With mixtures of lower fuel content, the rate of
pressure rise just before attaining the maximum pressure (F,) is assumed to be constant (Fig.
2) . Subsequently the average rate of pressure rise (V}) is read out on a pressure-time record,
and the time to attain the maximum pressure (¢) is calculated by the equation t=AP/V, or
Vo= (P.,—P,)/t, where P, is an initial gauge pressure and AP is a difference between P, and P, .
With mixtures of 1095 and 1294 fuel content, pressure-time records suggest the transition of
deflagration into detonation in the course of flame propagation. Explosion characteristics (Z,, .
t and V,) in the closed vessel are shown in Figs.3, 4 and 5. The well-known explosion hazard
index K¢, which is calculated from maximum rate of pressure rise (dP/d!)nax determined by
igniting the quiescent flammable mixture in a vessel of an internal volume (V') by the equation
Ke=(dP/dt) max* V2, is compared between typical flammable gases and the test gas mixtures
in the present work (Tables 2 and 3), in order to predict the effect of the existence of obstacles
on the flame path or the effect of turbulence induced by those obstacles.

In a second series of tests, the effect of rupture disk on explosion pressure relief is
determined. Two types of rupture disk with different static bursting pressure (Fupture) are used
(Table 1) . Effective diameter for each type of disk is defined here as an average diameter of the
opening of the disk after explosion test, and the total vent area (S) is calculated from this
diameter and the number of disks provided for the vessel. Results of experiments are shown in
Figs.6~11 and in Photos 1 and 2. From the viewpoint of practical application or the scaling-
up of the test results, discussions are also made on the use of non-dimensional vent area (4)
defined by A=S/V?3, _

Main results obtained are summarised as follows :

1) The rate of pressure rise of an explosion in a complicated vessel can be far higher than that
observed in a simple vacant one. Under suitable conditions, depending on the complexity of the
inner structure of the vessel and the composition of flammable mixture, a transition of a
deflagration into a detonation may occur.

2) For explosions of lower pressure rise rate (less than 100 kg/cm?/s), the only one rupture
disk can reduce the vented pressure (i.e. maximum pressure attained) to the static bursting
pressure of the disk, provided that the effective diameter of the disk is adequately selected (7.
¢. non-dimensional vent area shall be larger than 0.025) .

3) For explosions of higher pressure rise (¢.g. several thousands kg/cm?/s, but for detona-
tion) , the vented pressure may be reduced to a pressure higher by several kg/cm? than the static
bursting pressure of the rupture disk, provided that the number and/or the effective diameter
of the disk used is satisfactorily lage (i.e. non-dimensional vent area shall be larger %han 0.
12) . The provision of rupture disk for a vessel is almost useless for venting pressures where a
detonation occurs in an early stage of flame propagation.

4) Scaling-up effect of the size of complicated vessel has to be studied furthermore. But, the
authors make bold to consider that the vented pressures for different vessels will be substantially
equal where the vessel size is scaled-up with the same value of non-dimensional vent area.
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5) From the viewpoint of explosion pressure venting, no difference is found between tension
loading type and reverse buckling type rupture disk.
Keywords ; Gaseous explosion, Detonation, Safety device, Venting, Combustlon characteristics
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Table 1 Specifications of the rupture disks.
ERICBWABEEEOLRE

Effective | Static bursting

Type Material | Thickness diameter | pressure

Tention | Aluminum| 0.2mm | 114mm | 6.9 kg/cm?G
loading
Reverse | 316SS | 0.3mm | 104 mm | 8.0kg/cm?G

buckling
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Fig.2 Explosion pressure-time histories in closed vessel
for various gas compositions (measured at point
), at atmospheric initial pressure).
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Fig.3 Effect of initial pressure on explosion pressure
(peak pressure), time to attain peak pressure and
average rate of pressure rise, for 6.5% mixture in

closed vessel.
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Fig.5 Effect of gas composition on explosion pressure
measured at different locations in closed vessel,
for atmospheric initial pressure.
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Table 2 Kc values for typical gases”.
RBELTRMES XD K fE

Initially highly
turbulent gas mixture

Initially static
gas mixture

Fuel gas P. (bar) | Ko Pe (bar) Ko
Methane 7.3 55 8.7 460
Propane 7.3 75 8.7 500
Hydrogen 7.0 550 7.7 1270

* Values determined with electric spark ignition source
of about 10 Ws at Po=1 bar; Ko (bar'm-s™).
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Table 3 Ko values for test gas mixtures in this report.
ARBRICHWVAHRAD K f#

Gas composition | 6.5% (#=0.5) | 8.2% (¢=0.67)
Po (bar) P. (bar) | K¢ | Pe {bar) | Ko
1.0 3.6 31 5.5 400

2.0 7.0 50 11.1 855

3.0 10.6 49 17.0 1100

3.7 12.8 43 20.3 1140

4.4 16.3 60 25.1 1490

* K¢ (bar'm-s™!)



TEEBHERIRERIC B 2 7 2 BROBYE L HERRESERIC L 2 BEEHOBRR

10—
FUEL6.5%

Pressure, kg/csz

=N
o O

— 115 —

With no disk

SN . ok
~
SN With no dis

p—0.1s — Time

Fig.6 Explosion pressure-time histories when the vessel
is provided with two rupture disks or with no disk,
for 6.5% mixture with various initial pressures

(measuring point 3)).
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Fig.8 Explosion pressure-time histories for different
numbers of tension loading type disk ruptured, for
8.2% mixture with initial pressure of 2.75 kg/cm?
G (measuring point 3)).
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Fig.9 Effect of the number of rupture disk on explosion
pressure, for 8.2% mixture with various initial
pressures (measuring points @~@®).
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Photo 2 Reverse buckling type rupture disks after test.
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Fig.10 Typical explosion pressure-time histories at measuruing points @ and ®, for 12%
mixture. i
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Fig.11 Effect of the number of rupture disk on explosion
pressure in case of occurrence of detonation, for
12% mixture of atmospheric initial pressure.
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