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In explosive volcanic eruptions, hot volcanic plumes rise due to buoyancy and reach altitudes of several kilometers to tens of

kilometers. In the case of instantaneous emission of eruption clouds, the relationship between the eruption condition and the

plume height has not been fully understood. We performed simulations of instantaneous volcanic eruptions using a highly

accurate three-dimensional fluid-dynamics model. The simulation results showed that a flow pattern changes depending on

eruption conditions; vortex ring, thermal, and plume. The plume height depended on the duration of eruption as well as the

mass eruption rate. The relationship between the ejection condition and the plume height is different from the scaling that has

been proposed by the previous analytical models.

Keywords : volcanic eruption, Vulcanian-type, thermal, plume height

1. Introduction

In an explosive volcanic eruption, hot ash and a mixture of
pumice and volcanic gas are emitted from the crater. As the
released mixture rises, it mixes the surrounding atmosphere by
turbulent mixing, and the mixed atmosphere is heated and
expanded by the heat of the volcanic ash. The plume consisting
of ejecta and mixed atmosphere becomes lighter than the
surrounding atmosphere and rises by buoyancy. Since the
atmospheric density is stratified, the volcanic plume stops rising
when it reaches a buoyancy neutral height that balances with the
atmospheric density. Accurate prediction of the ultimate altitude
and buoyancy neutral altitude is important for aviation safety. In
particular, it is essential for volcanic disaster prevention to clarify
the relationship between the volcanic eruption conditions and the
volcanic plume height.

The height of eruption cloud was predicted by the previous
analytical models [1]. When the eruption is continuous, the
cloud rises as volcanic plume and their heights are scaled
mainly by the mass flow rate, 771, as:
leume"'1V_3/4ﬁlél4 M
where N is the Brunt—Viiséld frequency. In the case that the
eruption is instantaneous, on the other hand, the eruption cloud
rises as volcanic thermal and their heights are scaled by the total
mass of ejected mixture, M, as:

Hinermat ~NTV2MUE, )
In this study, we have performed numerical simulations of
instantaneous volcanic eruptions and compared the simulation
results with the equations 1 and 2.

2. Method and Simulation Settings

In order to correctly reproduce the turbulent mixing inside and
outside of eruption clouds, we use a three-dimensional numerical
model with a high accuracy [2]. This is a pseudo-gas model in

which the mixture of the ejected material such as volcanic gas
and ash and the entrained air is treated as a single gas. The basic
equation is the Navier-Stokes equation for compressible flow and
was discretized by a finite difference method. A general
coordinate system was employed.

The eruption conditions were defined from the combination of
total mass, mass flow rate, and duration of eruption as:

M = mgAt. 3
The mass flow rate was calculated from
1y = R powo, )

where R, is the vent radius. The initial density of the ejected
mixture, py, is estimated from the equation of state

po = P/(nRyTo), ()
where P is the pressure, n (= 0.04) is the water content, R,
(=462 J/K kg) is the gas constant of volcanic gas (water vapor),
and T, (=1053 K) is the magma temperature.

3. Results

Simulation results showed the different flow patterns
depending on the duration of eruption. When the eruption
duration is short (0.4 s; Run 255), the eruption cloud generated a
vortex ring (Fig. 1a). As the eruption duration become longer (4.0
s; Run 220), the cloud rose as a thermal (Fig. 1b). If the eruption
is long (800 s; Run 269), the cloud developed a plume (Fig. 1c).

A parametric study with different mass flow rate and eruption
duration was performed. Fig. 2 compiled the results of parametric
study. The heights of eruption cloud increase with the increase in
mass flow rate or total mass. The 3D simulation results deviated
from the plume height predicted by the previous model which
(Fig. 2a). They also deviated from the prediction of thermal
height (Fig. 2b). On the basis of the analyses of the present results
and the additional simulations, it is required to find a new scaling
of eruption cloud height for instantaneous eruptions.
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