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A Multi-GPU Simulation with AMR Method for a Dolphin Free-swimming Using Lattice Boltzmann Method
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A simulation for a dolphin free-swimming has been studied on multi-GPU of TSUBAME3.0. Lattice Boltzmann
Method with cumulant collision operator is employed for stable computation for high Reynolds number flows. For
more efficiency and accuracy, tree based AMR (Adaptive Mesh Refinement) method has been introduced. Solid
body and fluid coupling problem is solved by using direct-forcing immersed boundary method. The computational
time is approximately 24 hours for 2.86 physical seconds with 32 GPUs. The swimming speed of a dolphin reaches
68 percent (5.7m/s) of the experimental result (8.4m/s). The thrust force is still larger than drag force and the
maximum speed is estimated to be 10.0m/s (larger than 8.4 m/s). Currently the upstroke and downstroke of fluke
are assumed to be same and we conclude that the previous deformation model should be improved.
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Fig. 1: Direct-forcing immersed boundary method. gray area:
structure. blue points: fluid. black points: Lagrangian
marker. red arrow: interpolating velocity and spreading
force.
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Fig. 2: Data and mesh structure of Cartesian computational do-
main.

2.4 Adaptive Mesh Refinement %

BHER TR OWIRE KRBT D72 DITIZZ O R T
DB 0, A3 MNE B0, Kb NS &
LZMENRBD. LovL, REHREECREEGRE O T &
5 Z LIFRHROIEDNRIICEN 5. 2hp(k, HAE)D
&2 5L, MEEHIITMAVK 2% 24T, =
T CIIRBEZRL TOM0ERH L. £ 2T, ARmTIE
Adaptive Mesh Refinement 3% £:/H L7-.

Fig 2 {ITRSNDIEY, AHEET LT Y ZLITHE, B
THkRE 1/2, 1/4, 1/8 LRI EITH Z &Ik
b, EBRORIEMERE O FRMEEEEIV YT
ENTED, 2RITEOEEIT 1 DO Y — 7%t s 9 51
WM b SND L, 450U =T REK SN HUAL
DT —ZHEIZ2 5. 3IRILDOHLEIE8 DD Y —T7h Ak
BENDNAROT — 2 HEEICR D,

AREET VT Y XA WIES S b S/ AMR
¥et-% 3 RITBNC I BT 5729, Figd3 DL i, 28
BIFEE AU L0 1R EMIC Y v B 7T 5. 22T
BRI T — 7 DA Sz Tovx, % GPU 233
B D) — T HNY) e b KO i a Uik L, fEI
EIELTS.

Fig. 3: Dynamic domain partitioning using space-filling curve.
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Fig. 4: Coordinate of deformation.
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Fig. 5: Drag coefficient of dolphin against Reynolds number.

red: cumulant LBM. black: CFD result (Tanaka et al.)
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Fig. 6: Snapshot of velocity magnitude and block structured mesh.
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Fig. 7: Vortex structure around a dolphin.
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Fig. 8: Time history of swimming velocity.
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Fig. 9: Forces acting on a dolphin and these average of a half
cycle. red line: total force. blue line: thrust force. green
line: drag force. purple line: gravity and buoyancy. each
color’s circle: average of a half cycle (upstroke or down-
stroke). gray region:downstroke. white region: upstroke.
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(d) Peak (downstroke).

Fig. 10: Force distribution. left: side view, right top: top view,
right bottom: bottom view of dolphin.
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