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Experimental Study on the Methods of Explosion Venting (3rd Report)
—Practical Method of Design for Rupture-Diaphragm Type Explosion Reliefs—

by Toshihiro HAYASHI**

Explosion venting, or explosion relief, is one of the useful methods of explosion protection, which,is applied
to various industrial equipments of light structure such as dryers and dust collectors in which flammable gases,
vapours or dusts are handled. Even though the effectiveness of its use is generally understood, the present
status is far from the practical use in this country by lack of any comprehensive design guide.

Although there have been proposed several experimental formulae for the prediction of the vented explosion
pressure, or the maximum explosion pressure generated in a vented vessel, most workers have used their own
test vessels or equipments with arbitrary dimensions and shapes, so that none of them could have discussed,
with theoretical background, the effect of the size of a vessel on the vented explosion pressure.

This report describes a reasonable method of calculating a vented explosion pressure in a larger vessel
based on explosion tests in a rather small vessel. Experiments were carried, with 4.5% propane-air mixture,
in four cylindrical vessels with different internal volume, each of them having a circular vent of various
diameter covered by a polyvinylchloride diaphragm (PVC sheet). From the results of those experiments with
smaller three vessels, a simple relation was derived between a vented explosion pressure (P), a vent ratio
(d/D) and a internal volume of a test vessel (V). Such a relation was applied to predict vented explosion
pressures in the largest vessel used to find a good agreement between observed pressures and calculated ones.
Theoretical explanations were also satisfactory.

Four vessels.used in explosion tests are shown in Fig.l and Table 1. Diameters of flange opening (d) were
arbitrarily selected in order to obtain almost the same diametral vent ratio (d/D) for each vessel ; additional
vent ratios were tested with No. 1 vessel. In every test, a PVC sheet punched with a central hole of 1.5 mm
diameter, and an open flange under test were fastened previously with bolts to the flange of the vessel, and
then the blank flange was bolted to complete the test vessel. After evacuating the whole volume, the premixed
test gas was fed to a pressure slightly higher than that of atmosphere. The blank flange was removed and
the hole in PVC sheet was closed with a piece of cellophane tape. Then the mixture was ignited at the far
end of the vessel from the vent, and the pressure development was recorded. In the present work, the ignition
site was so selected that only one pressure peak was observed as shown in Fig.2. The fact that the pressure-time
record showed no apparent pressure deflection just before attaining the maximum implied the equality of
vented explosion pressure to bursting pressure of PVC sheet.

The relation between d/D and P is shown in Fig.3, from which is seen the linear proportionality, on
logarithmic graph, between them for any one of three vessels. Then the following equations can be written:

P=B/(d/D)*=B(D/d)* ' (1
= BK A2 ) (2)
where A and B are positive constants, the latter being the pressure for d/D =1, and K is the ratio often
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used in the study of explosion venting and is defined by K= (D/d)2.

If the gradients of lines drawn in Fig.3 are assumed to be equal, the constant A in above equations is a
fixed value irrespective of vessel size. Thus, providing that the constant B is related to vessel size, the vented
explosion pressure can be formulated as a function of the vent ratio and the vessel size. Fig.4 shows a
logarithmic plot of the dependency of P on vessel volume for some vent ratios. The following relation is
derived, where E and F are positive constants:

P=E/VF (3)

The numercial value of F calculated by least squares method for four lines lies between 0.331 and 0.335.
This result means undoubtedly the dependency of P on the reciprocal of the cubic root of V. In other words,
with vessels of L/D =1, the ratio of the vented pressure for one vessel to that for another vessel is equal
to a reciprocal ratio of L (or D) of these two vessels for any d/D tested.

These discussions lead to Fig.5, in which the relation between d/D and converted pressure P’ is plotted
on a logarithmic graph. P’ is calculated by the following equation: '

P =P (V,/ V) : (4)
where P is a vented explosion pressure observed in a vessel of internal volume V,, » being the number of
vessel shown in Table 1, and V; is the intemal volume of No. 1 vessel, which is used arbitrarily as a reference
volume in this study. ,

“As shown in Fig.5, equation (4) explains well the effect of vessel size on vented explosion pressure. Reminding
that P and d/D have been related by equation (1) and that V,/V; is a constant value for a given vessel,
the following relation is derived: »

P'=P (V,/V)'"¥=b (d/D)* : . (5)
where @ and b are positive constants inherent to both explosive gas mixture and vent cover material. Numercial
values of @ and & for this study are 1.22 and 0.98, respectively. From the viewpoint of practical use, V,
is a internal volume of an equipment to be vented, and V, is a volume of test vessel in which explosion teéts
are carried to obtain above two constants. Equation (5) is then applied to No.4 vessel, internal volume of
which being 100 times larger than that of No.1 vessel, and the result is shown in Fig.6. The difference between
calculated pressures and observed ones can be explained by the expansion of vent cover itself before bursting
when subjected to an explosion pressure. ‘ _

The validity of experlmental formula (5) is also proved theoretically on generally accepted assumptions that
an explosion pressure develops as a function of #* (¢ being the time after ignition) and that the time required
to attain a maximum pressure in a closed vessel is dlrectly proportlonal to a cubic root of the vessel volume.

In the latter half of this report, discussions are made on the prediction of vented explosion pressure by-
means of pressurization test other than explosion test. As experimentally shown, the vented explosion pressure
can be assumed equal to the bursting pressure of a vent cover with the same vent ratio. Therefore, if a pressure
other than by an explosion can be applied with a same rate of pressure rise as that of an explosion, the
vent cover is expected to show the same behaviour as if it was subjected to the explosion. Apparatus to
determine bursting pressures of PVC sheet is schematically shown in Fig.7. No.l test vessel with decreased
length was used to obtain the relation between bursting pressure (P”) and average rate of pressure rise (A)
by nitrogen gas injection, the result being shown in Fig.8. This relation is then extrapolated to the average
rate of pressure rise observed for an explosion generated in No.l vessel with full length and closed entirely.

Fig.9 shows a comparison and good agreement between bursting pressures subjected to dynamic pressure
of pressure rise rate of 200 kgf/cm?/s and vented explosion pressures observed in explosion test using No.l
vessel. Such a result means that the constants in eduation (5) can be obtained through pressurization test
mentioned above. This method of predicting vented explosion pressure can be also applied to full-scale
equipments directly, even though are necessary some experimental techniques and informations concerning
the characteristics of explosions to be occurred in those equipments.
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Fig. 1 = Schematic showing of test vessel
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Table 1 Dimensions of test vessels(Refer to Fig. 1)

KERBV/OET(Fig. 1 BM)

Number of| D® /D d® |lInternal volume
vessel | (cm) (cm) V (cm?)
1 10.5 | 1.01 [2.0~ 9.4 923
2 10.5 {1 1.93 (2.0~ 9.4 1768
3 20.5 | 1.01 |3.9~18.3 6796
4 49.2 | 1.00 [9.4~44.0 93994
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