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Abstract : Explosion relief venting has been used for protecting equipments which might cause an
internal explosion and for minimizing destructive effect of the explosion. In some cases, however, vent-
ing of an explosion into atmospheric air is not preferable because of harmful or poisonous materials
processed in such equipments.

In this paper, venting of gaseous explosion into an enclosed vessel was studied by explosion tests
and theoretical analysis. Theoretical calculation was based on a simple mathematical model assuming
ideal conditions of combustion and adiabatic expansion of gas.

Experiments were performed with near stoichiometric propane-air mixture by use of two sets
of interconnected cylindrical vessels, whose diameter/length ratios were unity. The mixture was
ignited in a vessel, “ignition-side vessel”, of internal diameter Dy; =200 mm, and the explosion was
vented through a circular opening covered with a thin aluminum diaphragm into an larger enclosed
vessel, “vented-side vessel”, filled with gaseous nitrogen, diameter of which was either, Dy 5 =300 mm
or 500 mm. Diameter of the vent opening, Dy, was ranged between 6.3 mm and 160 mm for each
combination of vessels. Pressure-time curves in the ignition-side and vented-side vessels were recorded
in each test, and the maximum pressures attained in the vessels were plotted against the diameter of
the vent opening.

Explosion tests showed the distinct effect of the vent opening diameter on the pressure attained
in the ignition-side vessel, which decreased with increase of the opening diameter up to 20 mm, but
was almost constant for larger openings in both combinations of vessels. Maximum pressure attained
in the vented-side vessels showed rather slight dependency on the vent opening diameter except for
smaller diameters than 10 mm.

Calculated pressures in ignition-side vessel of each setup showed satisfactory agreement with those
observed in experiments, if the opening diameter was smaller than 20 mm. Predicted values of pres-
sure were, however, far lower than experimental ones for larger openings than 20 mm, as well as
for pressures in the vented-side vessels. One of the probable reasons for the difference between the
calculated and the experimental ones might be attributed to combustion of unburned mixture vented
into the vented-side vessel. Even when the vented-side vessel had been filled with nitrogen as an inert,
combustion could not be suppressed in the vessel for larger vent openings, because of the fairly large
volume of the mixture gushed into the vessel. Discussions were made to improve the mathematical
model for predicting pressure behaviours in an enclosed venting system.
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Fig. 1  Scheme of explosion venting into an enclosed
vessel.
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Fig. 2  Typical pressure-time curves in ignition-side and
vented-side vessels.
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Fig. 3 Effect of vent opening diameter on maximum
pressures in the vessels for Dy = 500 mm.
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Fig. 4 Effect of vent opening diameter on maximum
pressures in the vessels for Dy = 300 mm.
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Symbols used
V': volume, T: temperature,
P: pressure, p . density,
AV: small change (increase) of volume
Suffix
b : burned gas, u : unburned gas,
f : burning gas, e : expanded gas,
N: flowing-out gas or “at an orifice”,
i : certain time or time component,
i+1: time after “i” by one digit

Fig. 5 Mathematical model for calculating pressure
changes in the vessels.
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Fig. 6 Flow chart for calculating pressure changes in the
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