Numerical simulation of air entrainment by
three dimensional pyroclastic surge flow model

Shungo Tonoyama & Takashi Nakamura @ U

School of Environment and Society, Tokyo Institute of Technology, Japan,
To kyo Tech Email: tonoyama.s.aa@m.titech.ac.jp



Research background

Pyroclastic surge

Solid-gas multiphase flow composed
by ejected materials (ex. Volcanic gas,
particles, and ash)

Due to the high temperature and high
velocity, pyroclastic surge is one of
the hazardous flows in volcanic event.

Fully turbulent characteristics and
large temperature difference between
ambient air cause air entrainment and
volume expansion.

The understating of entrainment
process and its influence in high
temperature particle-laden current is
not fully revealed yet.

Research objectives

In this study, we focus on following points;

1. Development of numerical model and
validation with experimental dataset
(Cerminara et al., 2021).

2. Examination of the effect of topography
under two settings.

3. Investigation of entrainment by changing
turbulent effect.



Method

Governing Equation (Y. Ishimine, 2005)
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In this study, filter width, A, is treated as the geometric
mean of the grid width as a-multiplied, and examine their
influence under «=1.0~2.0, 3.0. Mesh size is 1.0cm.

Calculation conditions
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Two calculation domains, wall (b) and channel
(c) setting, were prepared to investigate the
effects of topography.

For validation of our model, we used the dataset
provided by PELE (Cerminara et al., 2021) ard
compared about flow height, velocity.



Results — Flow height
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In wall setting, large wake is generated behind the
nose, and it is the dominant in the dilution process.

In channel setting, although the amount of overflow
to the outside of the channel was small, smaller
vortices are generated and at the body and tail.

Both calculation results showed good agreement
with experimental result, and channel one is closer.



Results — Velocity

Wall setting

w [m/s]

u [m/s]

Channel setting

- Short wall

at channel

6.0

w [m/s]

[m/s]

s

u [m/s]

w [m/s]

— exp.

h=0.72m h=092m — wall
—— channel

8 8
6 6
4 4
2 F 2
O | | | O 1 1 |

0 1 2 3 4 0 1 2 3 4

t[s]

- Boundary conditions makes the difference of
velocity fields, and it affects entrainment process.

- cross-sectional view suggests that the velocity
components around wall is higher than at center in
both cases.

- Velocity in simulation results raise up faster than
experiment because calculated velocity field
Includes the air behavior which does not contain
any particles.



Results — Entrainment
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The entrainment coefficient, E, follows the Morton-Turner-Taylor
entrainment hypothesis:
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- Increasing the width of the filter was confirmed
t=4s .
to increase the volume over most of the area.

- The filter width is suggested to be smaller than 3
considering the entrainment coefficient range of
0.05~0.14, which is observed in previous
experimental study (Breard & Lube, 2017).
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Conclusion

> QOur 3D multiphase model showed good agreement with flow height & velocity field of experimental
dilute pyroclastic flow.

> The difference in velocity distribution given by topographic considerations leads to a difference in
velocity with the surroundings, which in turn affects eddy formation.

> In comparison with experimental values, it may be necessary to apply some operation to simulation
results in the cross-sectional direction instead of the value at center.

> The investigation of entrainment by several filter width can suggest that the turbulent effects in the
entrainment process in pyroclastic surge has a possibility to be larger than other density current.
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