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？ ~       ： 5th generation ?
Quantum computer ?

2020 ~       ： 4th generation 
Massive parallel/GPU

1995～2020： 3rd generation
Parallel computing

1985～1995： 2nd generation
Vector processor

1970～1985：1st generation
Supercomputer

Earth Simulator

Development of open-source CAE software

FUGAKU

2Digital Innovation by
High-performance computing Infrastructure (HPCI)
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Tera Flops

Peta Flops

Exa Flops

What to do by Exa(1018)～？
スーパーコンピュータで何をすべきか？

Cray-1

FACOM VP100



Complexity of Fluid Mechanics
Where does “complexity” of flow come from ?
流れの複雑性はどこから生じるか？

Ex.
Porous
Materials
多孔質

Ex. 
Machines
装置構造

Ex.
Geography
地形，建物など

Interfaces of phase/reactionStructures of nature/artifacts
Ex. Flame 火炎Ex. Bubbles 気液界面

Solutions of flow motions
Ex. Turbulence 乱流 Ex. Shock wave 衝撃波



Turbulence model
・Swirl / Recirculation
・Heat / Mass flux  

Flame propagation
・Premix / Diffusion flame
・Emission / Blow out

Reaction model
・Rarefied combustion
・Alternative fuels

Multi-scale design of flow phenomena
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Structural analysis
・Stress / vibration
・Thermal striping
Sound analysis
・Noise / instability

Strategy of simulation for turbulence and combustion flows
乱流と燃焼の数値シミュレーション戦略

length scales

Flame 
dynamcs

Thermal
control

Turbulence

Combustion

Molecule
elementsFlame elementBurner elementCombustor element

Whole combustor
of airplane engine



Digital design of Complex Flows
Complex objectives
複雑形状

Interface phenomena
界面現象

Moving objectives
移動物体

Ex. Gasturbine combustor

Ex. Boiling on metal quench

Ex. Engine brock cooling

Ex. Torque converter

Ex. Racing car

Rough to detail shape
course  to fine gird

Building 
Cube Gird

Unstruc-
tured Gird



2023 projects under Oshima’s Gr.

OpenFOAM

HPCI by “FUGAKU”
For 1,000,000,000 mesh 
/ 1,000,000 parallel

FrontFlow/redCUBE

H2 gasturbine Bubble Flows 
For flow control 
/ saving energy

Boiling of metal quench

Ship drag reduction

Portable H2 gastubine

Bubbles 
in boundary layer

For renewable energy 
/ H2 society

spray fuel 
combustion



Digital Innovation for Fluid Mechanics 
Virtual World in Analog                       Real Virtual World in Digital

World
Differential / Integratl eq. approximate Computer simulation

Navier-Stokes Eq. ⇒ A new governing Eq. in digital？
相似

Expressed by “Analog” math. ⇔ Expressed by “Digital” math.

NS eq.
↓

Grid-generation
fitting to body

Digitalized 
Uniform grid

↓
Eq. for Fluid 
Immerging body 

Discretization

Continuization



Digital Innovation for Fluid Mechanics 
アナログの仮想世界 実世界 デジタルの仮想世界

微積分（微分方程式） 近似 コンピュータ・シミュレーション
ナビエ・ストークス方程式 ⇒ 新しいデジタル基礎式？

相似
アナログで記述された世界 ⇔ デジタルで記述された世界

NS方程式
↓

物体境界条件
への格子適合

固定格子
↓

物体を含む
デジタル基礎式

従来概念

（離散化）

新概念

(連続化)


