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Explosive volcanic eruptions eject hot mixtures of gas and ash, forming eruption clouds. Eruption clouds can either
become buoyant and rise upward as volcanic plumes, or flow downward along the ground, resulting in devastating
pyroclastic flows. Understanding the dynamics of eruption clouds is an important focus of volcanology research
and hazard assessment. We present numerical simulations of eruption clouds using a three-dimensional numerical
model to investigate the effects of volcanic vent geometry on plume stability and height. Our simulation results
indicate that plume height depends on the shape of the volcanic vent and can have different dynamics even for the
same eruption intensity. The efficiency of the mixing inside the cloud largely controls the critical conditions for
the generation of pyroclastic flows; above a critical mass flow rate, clouds ejected from circular vents can generate

pyroclastic flows, whereas those ejected from thin fissure vents develop stable volcanic plumes.

Keywords : volcanic plume, vent geometry, plume height, column collapse condition

1. Introduction
Large explosive volcanic eruptions can produce Plinian-type
buoyant plumes and/or pyroclastic flows. The hot mixture of
volcanic gas and solid pyroclasts that is ejected from the vent
entrains ambient air owing to turbulent mixing, significantly
reducing its density because the mixed air is heated and expands.
When the erupted mixture entrains a small amount of air, the
eruption cloud remains heavier than the ambient air and therefore
collapses, resulting in pyroclastic flows. In contrast, when the
erupted mixture entrains a large amount of ambient air, the
eruption cloud becomes lighter than the surrounding atmosphere
and rises, developing a buoyant plume. To estimate plume
heights and stability is one of the central issues in volcanology.
The dynamics of volcanic plume can be affected by geometry
of volcanic vent [1,2]. In particular, when the vent radius is large,
the dense unmixed part of eruption cloud can generate “fountain-
like structure”, known as radially suspended flow (RSF), and its
flow structure largely changes stability of eruption column [3].
To understand the effects of vent geometry on plume dynamics,
we aim to directly simulate volcanic plumes using a direct 3D
numerical model.

2. Method and Simulation Inputs

we numerically simulated circular and fissure vents with
different aspect ratios. To quantify the effects of vent geometry,
we introduced a dimensionless parameter: the aspect ratio of the
vent, AR = Liax/Lmin, Where Lmax and Liin are the fissure length
and width, respectively. We employed a pseudo-gas model in
which the solid pyroclasts were assumed to be well-coupled with
the gas phases [4]. The numerical model was based on the time-
dependent solution of Navier-Stokes equations for compressible
flows.

We focused on two eruption intensities with parameters close
to the critical condition required for column collapse [5]. The first
eruption type had a mass flow rate (MFR) of 10° kg s!, and the
second had an MFR of 10°3 kg s7!. Circular and fissure vent
geometries of different dimensions were considered, and the
length of the fissure was varied. For fixed vent geometry, exit
velocity, and magmatic properties, the vent radii and fissure
widths can be determined for a given MFR.

3. Results

The simulation results show that the flow patterns of volcanic
plumes are controlled by the volcanic vent geometry. when the
MFR was set as 10° kg s, the eruption clouds developed stable
columns, and did not produce pyroclastic flows (Fig. 1),
regardless of the vent geometry. The plumes from circular vents
(AR=1) were associated with highly concentrated flow of the
erupted mixture above the vents, called as RSFE. The large
vortices at the top of the RSF entrained a significant amount of
ambient air, and the mass fraction of the erupted mixture was
significantly reduced in this region. For high-aspect-ratio fissure
vents (AR = 91 and 200), a sheet-like buoyant flow developed,
and none RSF was observed (Fig. 1c and d).

When the MFR is set at 10° kg s, the volcanic plume ejected
from a circular vent was less stable than those with an MFR value
of 10° kg s (Fig. 1e). In this case, a small portion of the ejected
mixture was seen to collapse from the top of the RSF, falling to
the ground. In contrast, the volcanic plumes from vents with
higher aspect ratios (i.e., the 20-km-long fissure; AR =111) were
more stable and did not develop RSF structures or pyroclastic
flows (Fig. 1g).
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Fig 1. Simulation results for plumes with two Mass Flow Rates (a—d: 10°kg s, e-g: 10’ kg s ') and varied vent geometry (a, e: circular vent, bd,

f, g: fissure vent). The panels show vertical cross-sections (y = 0 km) of the mass fraction of the erupted mixture (#2fmgm) at £ = 800 s.
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