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Experimental Study on the Methods of Explosion Venting (4th Report)
—On the Behaviours of Flying-off Type Explosion Relief—

by TosHmro HayasH

Abstract; Explosion venting is one of the useful method of explosion protection , which is applied
to various industrial equipment of light structure such as dryers and dust collectors processing
flammable gases, vapours or dusts. There are two prototypes of relief vent; one is the rupture
diaphragm type and the other is called here as flying-off type. In the latter type, a vent cover
flies off when it is subjected to an explosion pressure generated in a vessel to be protected, so
that the combustion products are expelled through a vent opening. Characteristic features of the
rupture diaphragm type vent were reported in the previous paper”. For the relief vent of
flying-off type, an empirical equation has been proposed by Simmonds and Cubbagem through
tests with cubical drying ovens of satisfactorily large internal volume (0.2~14m%. It seems,
however, that the weights of vent cover they tested were rather small (0.15~3.4g,” cm® and
that the vent openings were relatively large (K=1~3), both from a viewpoint of practical use.
The preéent report describes the effect on vented explosiori pressure of vessel size, vent ratio
and the weight of vent cover through gaseous explosion tests in smaller vessels with a wide
range of vent opening covergd by heavier vent covers. The pressure range of vented explosion,
up to lkgf/cmz, is far higher in this paper than that in the cited paper.

Three cylindrical vessels with internal volumes of 0.92, 6.8 and 94 litres are used for tests,
the ratio of the height to the internal diameter of each vessel being unity. The circular vent
opening on the top of vessel is covered with a disc-shaped weight which simulates a vent cover
(Fig. 1). The diameter of bottom surface of the weight is just slightly larger than that of the
vent opening, so that the weight of vent cover per unit area is assumed equal to WS, where
W is a weight of vent cover and S is a vent area, respectively. A 4.5% propane-air mixture is
ignited at the center bottom of the vessel, and a peak pressure (P) of a vented explosion is
determined.

Simmonds and Cubbage derived their equation on the assumption that P is proportional to
W /S for a constant volume (V) and constant K; vent ratio K is defined as (D/d)z, where D
and d are diameters of a test vessel and a vent opening, respectively. Their assumption is
apparently not valid, as shown in Fig. 2, except for very small WS, but P and W /S are most
suitably related, for a wide range of W,/S, by a linear relation on a logarithmic plotting. Thus,
an eq. (1) stands for each vessel and for a given K; the constants A and B are functions of
vessel size as shown in Fig. 7, while A is independent on K when a vent opening is not so small
(see Fig. 3). .

P = B:; (K-W)* D
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Introducing a factor K% P can be closely related to K-W by eq. (2) for a given vessel (Fig. 5).

Further introducing V& as a factor of vessel size, P is expected to be predicted by eq. (3).
P/KY? = By KWy @
PV /K% = By (K-W) ©)

The result shows a fairly good agreement, as seen in Fig. 6, but is not so satisfactory as to
predict vented explosion pressures in larger vessels than tested. The reason is attributed not to the
process of derivation of equations, but to the dependency of power constant A on vessel size; that is,
the venting behaviours of flying-off type relief vent is somewhat dependent on the vessel size. In
other words, the same W ,/S and K will give a relatively higher vented pressure as the vessel size
increases, especially for a larger range of W /S, probably because of an increase of inertia of vent
cover itself with an increase of vessel size. The pessimistic conclusion is that the prediction of
vented pressure in a large vessel based on explosion tests in a smaller vessel is not reasonable.
However, it is found, as shown in Figs. 8 and 9, that there exists a limiting value of W_/S or K-W,
less than which a vented explosion pressure in a smaller vessel is higher than that in a larger vessel.
Such a limiting value of K-W will be of use in designing relief vents, and then is related to the
reference volume V; and R; V; is a volume of the vessel in which explosion venting tests are made,
and R is a ratio V/V;, where V is a volume of a larger vessel to which the result of test in a
reference vessel is to be applied. On the assumption that the equation derived in the present work
could be extrapolated to a vessel volume of 1 m® a relation is obtained which enables to estimate the
effect of vessel size on limiting K-W (Figs. 10 and 11). As is seen from these figures, limiting K-W
is large enough for practical use, but decreases rapidly with an increase of R.

Discussions are also made on the comparison between empirical equations by Simmonds and
Cubbage, eq. (9), and by the present work, eq. (10), where a, b, A and B are experimental constants.

PV = . K (W,/8)+b ®
PV /K% = B (S-K* - (WS ao

Assuming A=1, then eq. (10) leads to eq. (12), and eq. (11) is derived from eq. (9) for a given
vessel volume; a;, b; and B; are constant values.

' P=a; K W/S)+b (1D
P =B -K"”*W/S) (12)

Taking into consideration the low value of b;, eqs. (11) and (12) have substantially the same
meaning especially when the value of K is nearly unity. This fact suggests that the power constant
A increases with an increase of vessel size but that it would not be so larger than unity. If this
could be proved true, the design of relief vents for industrial equipments would become more easier
by the method described in this paper.

The effects of the weight of vent cover and vent ratio on venting behaviours have been
explained through the present work, even though the effect of vessel size is not yet certain.
Experiments in larger vessels than tested here with vent covers heavier than tested by Simmonds
and Cubbage will clarify whether V7% or V¥? is a more suitable factor of vessel size.
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