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火道内の気液二相流のダイレクトシミュレーション
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Schematic cross section through the volcanic 
conduit of an exploding magma system:
A multiscale gas-liquid two phase flow

（広範囲）多重スケールを持つ気泡

研究背景：
火山噴火は複雑な気液二相流である
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Explosive volcanic eruptions are the result of intensive magma and rock fragmentation.
This figure is schematic cross section through the volcanic conduit of an exploding magma system. Circular diagrams are “snapshots” of the state of the expanding magma as a function of depth and Pressure in the conduit. 
H2O and CO2 are major volatile component of magma. As magma rise to the surface,  volatiles exsolute due to decompression. And they form bubbles. Fragmentation generally involves the rapid acceleration of magma by a pressurized fluid and gas.
Because of limitaitons of the diagram are, the hundreds-fold expansion of the volatile fluid phase cannot be accurately represented.
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研究背景：
多重スケールを扱える気液二相流モデル＆解析技術が必要
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LBS法:  Overview

External Interactions
Interactions between control volumes

d > Δx

4. Subgrid Modeling

＋
Internal Interactions

Interactions within a control volume
d < Δx

1. A two-fluid model that accounts for 
external interactions only

2. Master-Slave flow solver for solving the 
problem of small time step while preserving 
conservation and positivity. 

3. Tracking technique  for subgrid and 
resolvable bubbles

Two-phase 
flows with any length scales
Example: bubble collapse by shock loading
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LBS法： Overview

Requirements / Properties

☑ All length scales, (any sized particles)
☑ Exactly conservative
☑ Accuracy:  one-grid representaion
☑ Accuracy: using Riemann solver at 

interface
☑ Accuracy:  oscillation-free near interface
☑ Generality: any EOS
☑ Generality: any grid
☑ Robustness: positivity

Aero-breakup of a water 
column by shock wave 
loading M=1.47, t=1ms
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計算： 火山噴火のダイレクトシミュレーション

near the exit magma reservoir

Air

Magma Reservoir
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本報： チャネル内高圧液中気泡の破砕現象



計算条件
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変数名

L 横方向気泡中心間距離

H 縦方向気泡中心間距離

D 気泡直径

Pin マグマおよび気泡圧力

Pout 大気圧力

Tin 気泡温度

Tout 大気温度

(a) Overall view
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初期格子数 2×56
解適合レベル1～6，
最大格子解像度128×3584



H/D = L/D = 1.25, Pio = 2
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H/D = L/D = 1.25, Pio = 20
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H/D = L/D = 1.25, Pio = 200
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Void Rate =0.5, 速度（１．２５、１４．４５、５８．７５m/s)
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まとめ

１．ＬＢＳ法を用いて計算し、気液二相流上昇
中の複雑な流動形態（気泡流、破砕流、噴霧
流）のダイレクトシミュレーションができた。

２．重力及び粘性を無視する場合、
• 噴出流量が初期圧力増加に伴い増加すること

を確認した。
• 噴出流量がボイド率増加に伴い減少する傾向

を確認した。



進行中の研究

１．圧縮・非圧縮 (多重時間スケール） 統一ソルバーの導入

２．粘性項の導入

３．表面張力の導入

４．（キャビテーション） 相変化モデルの導入

（火山生涯シミュレーターの構築へ）
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