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Mechanisms of stable floating of a ping-pong ball suspended by a jet are not well understood. In this study, we aim to analyze this
phenomenon by the lattice Boltzmann method and to obtain knowledge about the stable floating of a ping-pong ball. In order to
reduce the computational time, the adaptive mesh refinement (AMR) method adapting the high-resolution grid to the jet and the
sphere is introduced into the lattice Boltzmann method. We realize large-scale AMR simulations by multiple GPU computation
with a dynamic domain decomposition method based on the space-filling curve. We simulate the floating sphere by the jet under
different inlet sizes. From this simulation, it was confirmed that the motion of the ping-pong ball in the narrow inlet is stabler than
the case of the wide inlet. This is because, in the case of a wide inflow, when the ping-pong ball approaches the central axis of the

jet, lift acts outward on the ping-pong ball.

1.
kiz FLJ JTRIAv—DE%E
EREKTEE VR VERITED D
VIR E L CIRlET S B
57, ZOBRITET 5 IR
WVERT 2800008 — %Olqu@ﬂ?&j(
SR TCW5. Neve HITME 2 AL &8
NEBEL, %#/xw_ﬁwaﬁﬁ
FTHPNEEIZAR DD, ) Zinh O R
LA E 0 HL B D-1.8 -T RS 2
M, F7=, Lopez-Arias 5 [T D HL il %ﬂ?%ﬁ‘%
THAOZREL, BROWADAAERL D & RO
IC LV BRICIERT 25 ORI A ED Y, AANK
BRI Y = v R ORI TH N ORISR AT 5 8,
= o R AR A I TR ME D B 5 = L % EBR»
%%6#&L%® o &I, R OEKOFIIE LV
A7 /1/2%(71&7‘“(72 <, ANV EEROALERRS , AL
DREIIZHEEIND.

AWFIETIE, B I 2L —a XD EVRVER
WG LTIl 5 A = A NE R+ 25 2 & 2 B L
L, ZOT- D OFE-HEEERT O I 2 L— g ra—
P%%%#é.%ﬁbﬁyﬁyﬁ@ﬁ% (LT A
ERADTODOEBRBENLETH LN, EROZEE
ﬁ%?twwmwﬁﬁﬁﬂﬁ%%fﬁét , RITRGEIE
BARDIALE 72—k & 5 FRIREATH 1 CILFHE 2R
MR, EGEEO R PARMRIE MR L DD, AE Y A
HEFHR A M EZHT 572912 AMR (Adaptive Mesh
Refinement) 4 238 AT 5. WKGFLIZITE R
%Tkﬁﬁﬁ%t%waé%%TW/V/&%%wb
7o, BRI ShZ 7ty ThD GPU %
HAT 727 1L—2E LTRIATHZ LT, FHROER
fbxX%.

ARTIE, B 2B ERITAEN S D 5 O BRIP4,
J RVHULERIN S P B LR VERICER T 585,
;wﬁ R E VR ERDVZIFIZ G- 2 D303 T D Tl

5.

2. FREFE

21 BFRILYI UK

FRNY v ARET BT « 2 = A G A B
%<$&Tﬁ@<,ﬁfﬁm&Eﬁméhtﬁwyvyﬁ
BAZM FETH D, M BIRIT 1
T CHBEOK T RICBET 2 HE 2D, HE

ey
)
T
A\

&
i

N STIRET
OV

5

=

b

RE(
N

b
EYANT T
NOEHDTES

rm9‘\‘
@gm

58
.j—
B
&
7
biE!
&
7=
L
oD
1/\

7 27 J7 10 O THERL T 5 D3Q27 M E T /b & H
%, HEESIATBERL f ORpEFE R G RAUX

i (x + Epht 1 + At) = fig (.1 + Qi (1)

T%é.__T%&Hﬂi@r\ﬁ@ﬁ@ﬁﬁfﬂﬁbe
(—1,0,1P, Qi ITMEZIETH 5.

B LA VA DOELR AR 2 ﬁ?i)@mfﬁf LTTD e
W, AR TIIEEEICF 2 57 FET LD 2
5. FahT v METNMIZEOBAREL Z 5 MRT
(Multiple Relaxation Time) €7 /L © L{LlCT\5 FIET

HY, UFOLS ICEERABIE f 2R RTHS
FanT b O L THEBROIH LT

HB=£U@—M=EMJ‘ﬂ®f“% 2)

C —a—B-y aaagay In(F (= 3
w = gErgvan ) @
=2=0
¥ ATV NET LV TOMEZEHEIT
C%y=amwcﬁy+(1—wwﬁCMh )

L2, wepy ITHF 2 LT 2 MIKT IR TH 5.
FHRAD2IRDF 257 2 MK LT  wey = 1/T & L,
FULSNDERDF 2 5T 2 M LT wepy =1 & T
L. WA LB OF 2 LT b CF BEES
B f IS RT 5.
TRIROEE LHE Y, WE ARG

P =) fiux, )
ijk

pu (x,0) = > cipfip(x,0) ©)
i jk

LROD.

Copyright © 2019 by JSFM



me

Fig. 1: Block-structured mesh based on octree data structure.
Each block has 8 x 8 x 8 cells.
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Fig. 2: Domain decomposition of refined mesh using Morton
curve (black arrow). Block index is given by Morton curve.

Blocks of same color are assigned to same MPI process.
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Fig. 3: Computational domain and boundary conditions for
jet-sphere interaction simulation. The left is the main com-
putational domain for calculating the jet, and the right is the
cylindrical domain for calculating the inflow conditions of
the jet. The distribution functions on the red surface in the
cylindrical domain are copied to the inlet in the main com-

putational domain at each time step.
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Velocity Magnitude
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Fig. 4: Velocity profiles of x-z plane at four different resolutions in computation for drag acting on the fixed sphere. Note that

these figures do not show the entire domain. In the region of x > x., blocks of 8 x 8 x 8 lattice points are shown.
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Fig. 5: Results of drag acting on the fixed sphere.
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Fig. 7: Results of the motion and forces of floating ping-

pong ball (D;, = D).
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