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Large scale simulation of interfacial compressible multiphase flow with CUDA and MPI
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Numerical simulation of compressible multiphase flows involving moving interfaces is a big challenge to CFD, which
requires reliable and accurate numerical methods as well as large scale computations. We have developed a novel
numerical method, so-called BVD (Boundary Variation Diminishing), to resolve both smooth and discontinuous
solutions in compressible interfacial multiphase flows with very high solution quality. In order to facilitate the
large scale high performance computations, we have developed and validated a computational code in this work
to implement simulations on hardwares of distributed-memory multi-CPUs with GPGPU accelerators. The code
using CUDA and MPI libraries realizes the expected parallel speedup and GPU-acceleration performance, and
shows great potential in real-case applications of compressible multiphase flow simulations.
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Tab. 1: Comparison of the performance between CPU
and GPU.

‘ CPU [s] ‘ GPU [ ‘ Speed up ratio

34 x 64 x 244 82.7 4.4 18.9
44 x 84 x 324 93.4 6.3 14.9
54 x 104 x 404 318.1 9.9 32.2
64 x 124 x 484 555.3 14.5 38.4
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Fig. 1: Elapse time of CPU and GPU(Blue hatching
bar is CPU, Green bar is GPU result).
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Fig. 2: Mesh and Partition of 3D calculation.
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Fig. 3: data transfer for GPU.
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Fig. 4: The result of performance measurement.
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Fig. 5: Initial condition for 3D SBI(unit [mm]).
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Tab. 2: The material properties of the tested jobs.

| v plkg/m?]
Air || 14 1.29
He | 1.67  0.167
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Fig. 6: Results of shock bubble interaction at t = 385
us (top) t = 580 us (bottom). Left column shows the
difference of density (red and blue colors indicate high
and low values respectively), while right column shows
the y-direction vorticity

Shock bubble interaction % §-Afid™ 5 Gk & U THEER
EEET B HERD B (12), Fig.7 13E 8 & K0 e
LTWBEZED oz WHOMTH 5. EEWIIAD S FEA
MEIT 5. Fig7 D& 51, y=40mm O zz Wi D > 5
SIAD PR OHE GO E P & U, fEBRZFEL
2. WERZ MLVEV &, Fig.7 O & 5 IZEHiEE P O

BT
r:fv%u (6)
P

Copyright (©) 2018 by JSFM



Shock propagation

=
i il
i =

Fig. 7: schematic diagram of shock bubble interaction
t =43 ps.
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Fig. 8: Decomposed circulation I', versus time, Air-He
M=1.5.
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