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Targets 
Ｔｕｒｂｕｌｅｎｃｅ ａｎｄ cloud droplets in  stratocumulus
Mixing of dry and moisture air 
Nucleation, growth and dynamics of cloud droplets,etc. 

Purpose
Development of highly efficient parallel code 
for the turbulence and cloud interaction

1~10m

1m

Direct Numerical Sim.
Turbulence + Cloud droplets

0.1mm < r < 1m 
Turbulence Eulerian # of grid points Ng=20483

Cloud particles Lagrangian # of particles Np=109

1~10km

Cloud: parameter

Cloud : 
Super droplets

10,000km

Large Eddy Sim.
Cloud parameters

10-100 km
Large Eddy Sim.
Super Droplets

Cloud micro physics 
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Basic Equations

High Reynolds number turbulence : Spectral method

Scalar transport                         : Spectral or hybrid method

Boussinesq approximationTurbulence (Eulerian)

buoyancy external force

condensation, evaporation
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Cloud droplets (Lagrangian)

Stokes approximation

Condensation rate

Interpolation of velocity and scalar fields at particle position 

Redistribution of cloud properties onto grid points
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Simplification for development of the Eulerian codes  (year 2010)

For  3D FFT

For 3D combined  compact  scheme

Particle tracking
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kx

kz
ky

Slub Grid 

Domain decomposition

a(kx,ky,kz) a(y,z,x)

Npz

Npx

3DFFT for Peta scale machine 

FFT axis
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Fujitsu FX1 a(kx,ky,kz)=a(2048,2048,1024)
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N=40963 Computation of turbulence (velocity)

t=0, 20483

2048  flat MPI proc. 

cf,  on Jaguar (XT5 with hex-core AMD processors) at ORNL, 32k cores. 

Fujitsu FX1
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Development of 3D combined compact scheme

Local  in space

Non-Local  in space

Finite difference 
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FFT

2nd FD2nd FD

FFT

Orlandi JFM (2009)
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Combined Compact scheme

a0=1

b0=1
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Combined compact scheme  (f’,f’’,f’’’)

Domain decomposition 
in 1,2,3 dimensions 

Simultaneous computation

MPI communication

Nihei and Ishii, JCP (2003)
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MPI parallelization efficiency of combined compact scheme
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κ
ν

=Sc

Spectrum of scalar variance
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Velocity : Spectral method

Scalar   : Combined compact scheme

Development of  hybrid code for passive scalar in turbulence

Local  in space

Non-Local  in space

Hybrid code 
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ν Sc CPU time (１step)

Run１(Full Spec) １０２４ １０２４ １ ８.１(s)

Run２(Hybrid) １０２４ １０２４ １ ５.７(s)

Run３(Full Spec) １０２４ １０２４ ５０ ８.１(s)

Run４(Hybrid) ２５６ １０２４ ５０ １.４(s)

velocityN ScalarN
4100.8 −×
4100.8 −×
3100.8 −×
3100.8 −×

２９％

８３％

Comparison of Hybrid method to fully Spectral method

CPU time

Run１ vs Run２
Hybrid=0.7 ×Full Spectral (Scalar part : 0.4 ×Full spectral)

Run３ vs Run４
¼ number of grid points for the velocity because of Sc=50
Hybrid=0.17 ×Full Spectral 



Nagoya Institute of Technology

Comparison of Run 1 with Run 2
Sc=1
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Comparison of Run 1 with Run 2
Sc=1
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Comparison of Run 3 with Run 4
Sc=50
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ν Sc

Run５ ５１２ １０２４ １ １.２ ２.４
Run６ ２５６ １０２４ １０ １.９ ２.４
Run７ ２５６ １０２４ ５０ ２.６ １.５
Run８ ５１２ ２０４８ １００ ３.８ １.５

velocityN ScalarN
3100.1 −×
3100.5 −×
3100.8 −×
3100.5 −×

ηvelocityKmax ηScalarKmax

))()6(exp())6(1()/()( 2/12/112/1
BBBB kCCkCkE ηευχθ −+= −

BC ：Batchelor constant
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Summary
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Summary



Nagoya Institute of Technology

Run５ １ ８８ ４０ ５.６４
Run６ １０ ２８ ６６ ４.３０
Run７ ５０ １７ １１８ ４.９１
Run８ １００ ２３ ２３５ ４.９７

λR Pe BCSc

Batchelor constant
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まとめ

要素技術の開発

３Ｄ ＦＦＴのＭＰＩ並列化： ２次元分割、高速化、ＮＳソルバへの実装

ＮＳソルバの高速化 ： ２次元分割、高速化
40963 が2048 Ｆｌａｔ ＭＰＩ 並列で稼働中

結合コンパクト差分ＭＰＩ 並列化： １，２，３次元分割 ハイブリッド並列

粒子数のラグランジュコード並列化： 少数プロセスのＮＳソルバ

＋多数プロセスの粒子ソルバ
今後

３Ｄ ＦＦＴのＭＰＩ並列化： さらに調整

ＮＳソルバの高速化 ： さらに調整

結合コンパクト差分： ＮＳソルバとの結合、実装、調整

粒子数のラグランジュコード： 雲マイクロ物理の数理モデルの

プロトタイプの導入
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