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A Fast Simulation Method Using SPH and Wavelet for
Sub-particle-scale Turbulent Flow
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Abstract: This paper presents a fast simulation method for turbulent flow which uses a particle method
and wavelet analysis. To simulate fluid flow, the method uses smoothed particle hydrodynamics (SPH),
which discretizes the fluid into a collection of particles, and detects regions where turbulent flow will occur
by using wavelet analysis without a spatial grid. By taking the curl of wavelet noise, the turbulent flow
is then appended as a divergence-free turbulence velocity field. Additionally, by using a particle splitting,
which characterize the vortex features of turbulence, a sub-particle-scale representation of turbulent flow is
proposed. Implementing almost all processes on a graphics processing unit (GPU), simulations are performed
in near real time.
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down QLEW Li?.j
(L = Li™) 3259 Wiy 7 rpee)
otherwise
(21)

ZZT, Ldvr = |L;|, L = |Li] +1ThHb. A
F—ANRT PUDBKEV, DF DENSFE LT VT
TEHREZ LNV ETHE S I VELRLZBIL, —F,
IANF =AY FVP/NE v, DF DELIAEA LIZL
WIFTTIZAE O L AVIZRE C, Ml wELLEE I <
{ k. BB ¢ 12k LT, Marching Cube 2 [11] Tiit
REFH % AT 5.

4. #ER

R—EFELZFELLBREEZRT. EITREE, CPU
Core i7 2.93 GHz, GPU: GeForce GTX580 TH 5. Tk
DT L A X D4 E NVIDIA CUDA %W GPU ET
FEL T, v—T Ly MEBICIERWICHWS
% Mexican Hat & Fi\27-.

K4 3BEoRIIBTsiiNe sy Iab—2 a3y Lk
RTHAH., /S—7 4 7 IVEITHR KT 40,000, ¥ 778—7 1
I VERKRGEIL NIV Lpae 133 L L7z, X 4(a) 13 SPH D
H, (D) BX=T 4 Z VAT —VELI, (¢) 13 7/8—7 1
VAT = VELE GO TAERTH S, (¢) TIE (b) IZH
NRTHENAPL N E ZATE VM2 RELNDEEAE L T
b, BREEGHRAEY I 2 L= 3 vIThh o 2o EH AR
315 SR/ AT v 7 ThA. F72, Marching Cube i
2B Xy v B (KA Y ¥ 2834 80,000) 121,
(a), (b)IZ2WT15 IR/ ATy T, FT7/X=F1 7
A= VERE &2 (c) IV T 120 S U/ AT v
Thdrotz. (b) & () DBOY I 2L —3 3 VERRICIE
&AL 7%, FHERBO T 2@ NI A Y ¥ 2 b
72O DR ¢ OFIEICHN, U, ST F 17
WA — VELRTDO A v ¥ aAbDOBIZIE T 7 /8—F 1 7 )L
EATBY, Lype =3 D6, KT/—T71 7V
E8fGE%b7-0THA.

1920



FHAUIEF /A Vol.b3 No.7 1915-1923 (July 2012)

(a) SPH O

(b) /S—=F 4 7 W RS — VA (¢) FT778—F 4 & VA — VELT

4 ROPIIBIT LN
Fig. 4 Flooding in a valley.

FTNR=T 4 T VORRERGET 572012, X0 Higiz
BEWAOBICTEL R E Y Iab—Yar LERE
51277, [ 5(a)ld SPH D&, (b) i&/8—=7 4 7
B, () &3 78— F 4 2 VAT — VELE, (d) 1 (b) ®
IS—F 4 7 VEE BIEIZ LR TH S, (a), (b), (o) 12
BB 8—F 4 7 VEIEH 23,000, (d) 1349 184,000 TH
. FTIN—F A 7 VERFEIL AN Lyae 3 5L, ()
E@DOLyF) T BITENN—T 4 7 VEAITIZE T
ERBDEHITLT REFEINSA—T 4 7 VEKEHER LT
Yty LR CAREOM» EOMEZHBTETW5. (c) DFEE
BRI 75 S U/ AT v 7, (d) 13489260 S U/ AT
TThHotz. 72751, (d) TS=F 1 7 V2SS LR
BIZXOVRHEDPAREIC R 720, AT Y TIEE Mo
bOD 12 12T LD, FiRe L THREFLEOH
RERER 1/7T TTATWS., Lo L, (d) LTS %
B ESEEN R D> TBY, AAKRLHERE -T2
i, 7 8—=7 1 7 VIZ XY forward scattering (3 FF
Wan=bon, ZoHd T 1)V F—#EITHh 5 backward
scattering WEB EN TV W I EDFREEEZ NS,
IN=TF A VAT = VELR CIEBMEILFIC L) 2o o
HRPFHEI N2 LT, 7 /8%=7 4 7 VT
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RIS E L v, T, MEICX AT AL
FoofEHbEE STV R . 5 O X9 BELTEAE
HELTTCIRNESL Y=y TEINEMETH), =40
F—EBRITB VT forward scattering Z L) A5 7% LD
RPWLEETH D, —F, K4 DX REGTAER L TF
T L= TERESEMEE TS 20,

5. ¥ E&HESEDEE

KESCTIE, SPHEE Y 2 —T7 Ly MEFTICL D EGEE
HRT2EELTERIRE L2, LB —7 14 7V
DEMFEEFELDLIETT ) Yy FEEZLELEEFIC
N=T 4 7 NP HHEHEY =T Ly MRV, 7o —
7L v MELHE & Kolmogorov O ¥R 12560 X BEL L CTo
bNTS—F 4 7 VA — VOERBEASRL, e L
TEBMT 2 HERRE L. 561, 78— F 1 7 V55
ENCXDEIHMELIZ DD, N—=T 4 7 VAT — )LD
ToENEBBTRERZ FESRELL. 2LT, Thbz
GPU L CTETTAIEICEN Y TIY A LTVl
ALPE A SEB L 7.

L L7255, 384 Lm0 EfM2SE <, oA
HARICHZ DBRPEE SN, ThEHBIT 572012,
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) IX=T 4 7 VAT — VLG

(c) &7 8=F 14 7 VAT — VLK

d) /ST 14 ZIVAT —VELE OS—=T 1 7 I)VEL 8 %)

H 5 FEREEORZI
Fig. 5 Trailing vortex left by a moving ball.

KEBZIND AN F—ER (backward scattering) ;B X
O, Witk ez ZE T 2 LEFH 5. 2612, WEHIC
ET%%@?@,L£%%ﬂml%»$—&ioéﬁié
L ETEN) T T A 2MESELIENTELTZ
Ay, Fiz, YINR=T a4 IV Effoicy I AL —
ZFOLODOFMHEIAA MINEWbOD, TOL Yy T
IR EGETEI O 4 — N~y FPELTWE, Thtk
DRI TN T) AL (2L 218, A7) =Y AR=2A
Ay [15]) EMWE I ETERILT S I L DAHBOM
ETH5b.
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