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Fig. 1 Development of DNS for turbulent channel flow
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Table 1 U d
Re 180 395 640
Table 1
Grid Staggered Grid

Coupling agorithm

Fractional Step Method

Time advancement

Viscous terms(y-dir.)

2"_order Crank-Nicolson Method

Others

2"_order Adams-Bashforth method

Discretization scheme

Nonlinear terms

2"%-order central scheme (Consistent)
4"-order central scheme

Viscous terms

2" order central scheme
4™-order central scheme

Poisson equation

Pseudo-spectral method

Boundary condition

Periodic (x,z dir.), Non-dlip (y-dir.)

Reynolds number

Re = 180, 395, 640
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Re = 180 VPP5000 CPU Re = 395
640 VPP5000
Table 2 NWT
Table 2
VPP5000/3 V PP5000/56 NWT
GFLOPS/ CPU 9.6 9.6 1.7
GB/CPU 7.5 7.5 0.256
CPU 3 56 166
CPU 1(2) 16 (32) 1 8 16 64
1999.10 2000.7 1994 2000.3
X
X z Fast Fourier Transform(
FFT) vy Tri-Diagonal Matrix Algorithm( TDMA)
VPP5000
FFT
y TDMA
(Fig. 3 )
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Fig. 3 Domain decomposition and vectorized parallel computation
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Table 4 VPP5000 NWT  PE
CPU
Table 3
128x 96x 128
700MB on VPP5000
NWT 1.7GFLOPS/PE
\V PP5000 9.6GFLOPS/PE
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Table 4
PE (PE) (step/sec) 1PE
NWT 8 1.7 0.21 step/sec/PE
\VVPP5000 1 3.0 3.0 step/sec/PE
Re = 640
\V PP5000 Table 5 NWT  VPP5000
Re =640 NWT NWT
VPP5000 Fig. 6 Fig 6 VPP5000
PE
ELAPSTime CPU Time FFT
TDMA
Table 5 Computation of Re, = 640
Computer NWT VPP5000
Processors 64PE 16PE
Domain size 6.4dx 2dx 2d 12.8dx 2dx 6.4d
Mesh Number 512x 256x 256 1024x 256x 1024
Memory size 12GB 120GB
Computation time 1.35 step/s 6.0 step/s
Tota CPU time 500 hours -
Status Finished Started
3 [ [ [ [ [ [ [ [
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Fig. 6 Comparison of the performance between NWT and VPP5000 through a preliminary test run
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Fig. 7 High- and low-speed streaks and low pressure regions for Re;, = 180

Fig. 8 High- and low-speed streaks and low pressure regions for Re, = 640
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