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Abstract

This study investigates the impulses of blast wave generated from explosions of premixed gases using a blast model

that utilizes the volume variations of a burnt gas as a pressure source. A previous study showed that the blast model can

estimate peak overpressure—regardless of the kind, amount, and equivalence ratio of a gas mixture. This study

examines positive impulses, and since the calculation results of this model are in agreement with previous experimental

results, it is concluded that this model can be used to estimate not only peak overpressure but also positive impulse.
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1. Introduction
A gas explosion is a potentially serious hazard in

chemical process industries such as storage facilities for
hydrogen, which is becoming a new source of clean energy
for the next generation. Gas explosions occur occasionally
and, when they do, they tend to be very destructive. The
blast wave generated from such an explosion can cause
serious damage over a considerable area. Thus, the ability
to estimate blast wave pressure is a prerequisite for
providing a higher degree of safety.

A model for the estimation of the blast wave pressure
resulting from a gas explosion has been proposed by
Thomas and Williams?.This model assumes that an
increase in overpressure is generated by the volume
variation of gas expansion and that the propagation of the
flame front behaves like an equivalent piston. This model
has been adopted for use in many studies, and the validity
of the model has been confirmed?” in cases where the
flame propagation velocity is much lower than the sound
velocity. A recent study” also shows that this model can
estimate peak overpressure quantitatively, regardless of
the kind, amount, and equivalence ratio of gas mixtures,
under a condition where a blast wave is not converted into
a shock wave.

Although many studies have used this model, most of
them focused on peak overpressure, which is one of the

parameters for blast wave pressure. However, information
on not only peak overpressure but also on specific
impulse—that is the time-integral of overpressure during
the positive pressure phase—is important in providing a
higher degree of safety in chemical process industries.
Therefore, in this study, the validity of the model in
predicting specific impulse was investigated.

2. Blast model
When a flame propagates at a variable flame velocity

(drs/dt) through an infinite uniform medium, the generated
pressure (4P) at any distance (D) from the center of the
explosion is given by the following expression?,

4P (D)= 1B [sz)(d’f<”)2+,¢ (,)<d2w<f>)’ ,

dr dr®
r=1t—D/Co 1)

where, ¢, 8, 77, and Co are time, expansion ratio (unburnt
gas density/burnt gas density), the flame position from
the explosion center, and sound velocity of the
atmosphere, respectively. In this calculation, d7/dt and 8
for different gas mixtures were obtained from Figure 1
and Table 1 published in a previous study”. As shown in
this previous study?, oo is the density of the medium
through which the sound is propagating. It should be
noted that the initial density of ambient air outside of the
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Figure 1 Comparison of blast wave histories between the

previous experimental results and the calculated
result in this study for a small—scale experiment.

gas mixture is usually given as oo under the condition that
the flame propagation velocities are continually
accelerated by the generation of turbulent flow in the
flame, which results in an increase in the energy release
rate® 19, However, another study'” shows that the flame
acceleration for an experiment involving a hydrogen/air
mixture of a volume of 4200 m? is not constant, but varies
positively or negatively because the polyethylene balloon
membrane containing the gas mixture prevented the
movement of unburnt gas by a pressure wave. Therefore,
in our current study eo is defined as the initial density
outside the flame front at the moment drs/dt reaches
maximum.

3. Results and discussions
3.1 Comparison of blast wave histories

Figures 1 and 2 show blast wave histories for different
hydrogen/air mixtures when the equivalent ratio (¢) is
1.00. The black solid line shows the calculated results
obtained in this study, while the data obtained in the
previous study'1? as dashed and dotted lines—the red
dash line shows the experimental results, and the blue
dotted line is the numerical calculation results of the
previous study.

Figure 1 shows that for a small-scale experiment!'?, both
histories are in good agreement even if there is a
difference of around 0.025ms. The reason for this is
considered to be that this calculation assumed that dr//dt
was accelerated continuously until the flame front reached
the maximum flame radius. This means that the expansion
of burnt gas stops discontinuously under the assumption
that the duration time when flame acceleration varies
negatively would be quite shorter than the duration time
when flame acceleration varies positively.

Figure 2 shows that for a big-scale experiment, neither
one of the histories is in good agreement even though the
impulse values appear to be similar. The reason for this is
considered to be that the experimental results for the
previous study were used for the average flame front
radius over time'?, There were some directions in which
dris/dt in the horizontal direction was faster than that in
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Figure2 Comparison of blast wave histories between the
previous experimental results and the calculated
result in this study for a large—scale experiment.

the vertical direction, with the result that the increase in
pressure in the previous study was faster than that in this
study.

3.2 Comparison of impulse data values

Figure 3 shows the calculated results of this study as
straight lines, and the experimental results of the previous
study are shown as symbols.

Figure 3 (A) shows the results for a methane/oxygen
mixture of ¢ = 1.00. Attenuation behavior with respect to
distance shows good agreement, and as the volume of the
gas mixture increases, the impulses increase. It appears
that the results for this model agree well with the
experimental results. However, as the volume increases,
the difference in the impulse values increases. Therefore,
it is considered that this model cannot be used to estimate
impulse in a large-volume explosion. The reason is
considered that the impulses of the experimental results
were attenuated due to an increase in entropy while the
shock wave propagated. A previous report'® shows that in
the case of a large-volume explosion, the blast wave is
converted into a shock wave.

On the other hand, when ¢ = 0.60, the results of this
model show good agreement with the experimental
results, as shown in Figure 3 (B). The blast wave histories
show that the blast wave was not converted into a shock
wave'd,

This paper does not take into account impulse data near
the explosion source because the volume of the burnt gas
expands several times, thus the data are not able to define
the blast wave pressure outside the burnt-gas zone.

As for different kinds of gas mixtures, the results for a
hydrogen/air mixture of 0.125m?® are shown in Figure 3
(C). The results of this model agree well with the data
from previous reports'V. It is considered that this model
can estimate impulse of blast wave regardless of the
equivalence ratio.

Finally, the impulse of blast wave for a large-scale
experiment of 4200m® was also estimated, as shown in
Figure 3 (C). Even though only a small amount of data was
collected, there is no reason to assume that this model
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would be inadequate for different scale experiments. It
should be noted that the blast wave histories for all the
data in Figure 3 (C) show that pressures rose continuously
such as that of sound waves'?.

Looking at all the results, it is concluded that this model
can be used to estimate not only peak overpressure but
also positive impulse—regardless of the kind, amount, and
equivalence ratio of gas mixtures.

4. Conclusions

This study investigated the relation between positive
impulse and flame front radius over time using a simple
blast model. The results showed that the impulse can be
estimated quantitatively using flame propagation
velocities regardless of the kind or amount, under the
condition that a blast wave is not converted into a shock
wave, and that the equivalent ratio of gases is less than or
equal to 1.00.
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