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Development of a Many-Block Solver for
Geometrically Flexible and High-order Accurate CFD

Yy
Shingo Matsuyama (JAXA)

ABSTRACT

A many-block solver is developed for geometrically flexible and high-order accurate CFD method. To achieve an N-th order spatial
accurate scheme in the many-block solver, hexahedral parent cells are sub-divided into structured N3 cells. A finite volume method in a
similar manner with structured solver is applied to solve the governing equations in the sub-divided cells. High-order spatial accuracy is
achieved by interpolating the primitive variables at the cell interfaces of sub-divided cells with a fifth-order polynomial. The developed
fifth-order many-block solver is tested for the Taylor-Green vortex problem at Re = 1600. The time evolutions of kinetic energy, kinetic
energy dissipation rate, enstrophy field, and vorticity contours obtained by the many-block solver on a fine mesh with (100x5)? cells are in
excellent agreement with a reference solution obtained using a pseudo-spectral method. The computational speed and cost of many-block
solver are evaluated on the JAXA supercomputer system. The many-block solver achieves a computational speed at 2.2 Tflops on 63 nodes
(2016 cores) which is approximately 3.3 percent of the system theoretical peak performance. The computational time and memory usage of
many-block solver are approximately 1.4 and 3.3 times higher, respectively, than those of a conventional structured multi-block solver.
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Mesh size Elapsed time, s Memory, MB
Many-block (c) 0.018870* 1460.9 x 32
Many-block (m) 0.132962 5960.4 x 32
Many-block (f) 0.50938° 21354 x 63
Structured (c) 0.0145152 1169.9 x 32
Structured (m) 0.092067* 2444.9 x 32
Structured (f) 0.35603° 6519.3 x 63

aSPARC64 XIfx x 32 on JAXA Supercomputer system.
®SPARC64 XIfx x 63 on JAXA Supercomputer system.
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aSPARC64 XIfx x 32 on JAXA Supercomputer system.
b SPARC64 XIfx x 63 on JAXA Supercomputer system.
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