510 KoM Kk oE TR ¥ IR No. 1
2009 /£ 3 A HYDRO-SCIENCE AND ENGINEERING Mar. 2009

FLF SPH B A FH 2 [ it 31 2 {E A5

XNXE, wEE, & E
(PdbR2= ML TR, hph KJE 030051)

EE RIS J12 07 IR S — PR T 5 JR (0 JC UM B0 7 1 , TEAL B ) o 3T 45 2 20 B AR RS I
D5 R R RO R T R B HJE XY Navier-Stokes J7 8% Sy 10K BE AR Gl b >R I W b
RL TP BE S S, Ok T S0 1 IR T G AR AN AT T4 () R AT R A T8 e 2 — 2k B 5] o T
KB oA h BRAR R ATE 5 ST B AR R AT T RUE R Sk TR AT, JF  SPH Ay #E— 4P
PRI BESE T Sl

X B SEMRITRS A1 (SPH) 5 KIS BUEERL;
RESES: TVI3 XEkERIRAD: A XEHS: 1009-640X (2009)01-0081-04

PIRAERE AT B 55 i 50 B AR AR IR K 8l S AP BN 4E. A RIS R 22 A i
R AR 55 ] R A AF 9 S e sk 28 [ BT ) S . T, E e A AR R P A 1 Pl 3 T 0 8 A T I A 9
( Particle-in-Cell ,PIC) \PIC Y 75—MAC 75 (Marker-and-Cell) \Nichols 25 #2 H} () VOF 7. PIC 3% /i
WAFER , JF H R BEST A IR T FRTT, AN REAR ERG A A0 &, 7R FR AR IE I 52 22 30K MAC ¥ BAR TS
02 = R YRR AR [ 81, (R RAEAE T T SR 15 B S SRRV 3R 22 () 85 VOF J7 YA A e 1 FH K i AR A2
Pric SRR T VOF BRECEE H R 11 LI AN SE | 7528 EhS B2 i Tl o3 7 R i s =X

SPH J&—FhJC A% [ 3 FIRAR I H R F1%. 1994 45 J. J. Monagha'™ ¥ 5546 SPH Jy ik FI 5400 1y i
Wl , X N-S J5 F P 0% 0 B e FH A o, LA B, 7 A P phy 2T [ B0 T I AR H, H
RAATT ZRR TR WA VOF | PIC JrikIRFE A TAR D FE 5, AT WL BUEY TR &, THANS
. T SPH i B ad R (8 SPH 7 192 SR 3 AN 32070 A7 Bl 2 1 R s g R Lk v A A 3 — 26 ELAT A
AR T 1 ] A0 s 61 7 R 3 v %) TR0 s 8 45 AR LA B IS 1 B 5002340 B SPHL 925 7 1 s S Ak 4
A BUETE JyFa 5 M AR A5 T IR A7 8 15 At o7 AR SC L SPH 5 B A JE Al i ad etk A vk, # T
T YK S ) 2B EAR R IR I B3 R K 3 ) .

1 % 5 ¥ %

1.1 SPH EXIEig

SPH 744 iR 22 58 FH — Z 50 28 (B 53 A0 BORE TR A3 RE T RN T ZE A% 422, 0 T #5015 R G (s B,
FE DT N RE R EESE IR RA% B H BN N-S #5617 B2 78 SPH ik AR —Ri TR 2 AR & £ (r) #F
A DA TR N — 4 T0 T 5 A R i B AR 5

Ur)) = [[Wr = hydr (1)

s B EA: 2008-05-07
ELTH . 1A FEQHREE BT H (2008021004) , b K247 4R 5L 4: e BT H
EER N XIDE(1975-) , 3B WAL A PRI, A+, FENFEHE AR 2220 SR TAE. E-mail; 1ht@ nuc. edu. cn



82 KoM ok BB T OB ¥ R 2009 43 H

S 0 B H S h AR EE W S e B bR, PR ¢ = 1 A R B L
o] > RIER05 A0 B B4 5(Delta) B m,auﬁ;gonw» = (). FFEIL) FR BRI T,

T W BREOR B MR RS, B SR B 2R 2 PR R B L B ST DU EL, (f(r)) = Y

j=1

D)W, TR R SR e BRI HOT R : (V2f(r) = - [FCGr) 5 W(r = hyde (Vo))

_2 ) W TSP A 0 SO R 1L R K S, it 4 49

L%ﬁﬁz?p*&
AR SR E A% PRESCR FH =R 25 R, B 2 (2) 2. Horp, 4B i «, = 10/(7 k), =43t 5a
Bla,=1/(mh’).

1—%qz+fq3 O0=s¢g=1
W(q,h) =a, %(2—q)3 1<g<2 (2)
0 q=2
1.2 = & 77 2
FAE A H 1 N-S J5FEA -
do__ 1 g,
&= V-u (3)
%:_%vavzuﬂv (4)
Kb p WTRAREE ; u B p NIEER ;v = w/p, u AENIITREREG F FEARSCOT BN ). B S
dp, sOW;
E"jz; foarﬂ )
~ N PP aw, Noomi(p + ) OW; P
szim(plz +p]2j ar, + 12; (p, +pj)2‘rij‘2'i/ ar, + (6)
PR3 BRCIR A5 PR p= B((pﬂ) 1) (7)

xH1: B =p,C*/y,p, %77J<Eﬁ%w y =7,C =/200gH ,H }/Kfi = & .
ﬁﬂ*?ﬁ%zﬁ] =V, + az —_v W, ,:\h.e=0.5;p, = (p,+p,) /2.

1.3 4 /7 & &
131 B @BRAMN BT R R PERRS I 60T 9218 2 ,— M B T4 % A SCR I
Fiki -, —FF /& Monaghan 5| AAY Lennard-Jones HER 11 15 R e T 1 P R T i
Fbokr B TT LA E AN, T DL St — RSO ) iz 3.
DLOM_Lo'lZﬁ’rigl
-G ) .

i
0, (LOJ =
r..

v

K in, =12,n, =4, D BURCRE V- J5 YD, LLBT 1k A HOR 520 1L 5



CERl Ul XD, 4. B2 SPH Y F i 1 i shEUE AU 83

1.3.2 awk@aR&mt i TAT A bR W52 B/ T AR, R Koshizuka %51 (1Y 7 12
HEFT I 45 p,<Bpy , W i Sy A H R TR, H R38R 55 TR AU, Hrt,8=0.95.

2 it & o of

2.1 KiREEHEEER

FEIE A A% 2T — K3, A A 88 IS BB AT — 2 8K K IR A RS TT K ARSI K 2 | I o
W AR, 2548 KNG B 5FS ROA. Dalrymple[m A, B4 K 1.6 m,550.6 m, 5 0.3 m. &1 A7k
{35 31 54 WAV E BRI AL, B Tk 30U T M B SR B R BE 7KW VR 5 b I A 4 S A e
ARl TR BEA KA S KA 6, AT LSRN A i R T A R 2V T . BUEASE U SR 31 000, K2 RL
THL14 000. HEEERS B SCHRAEE W&, R IR A BE T A2 T AT Y.

(m)
1.0

0

0020406081012141% 0 0204060810121416
P KU B8 J A5 0 AR A P I i 4

Fig.1 Interaction between water and obstacle at different times after the dam collapse
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Fig.2 The splash and fusion of the wave at different times
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Numerical modeling of free surface flows with SPH method

LIU Han-tao, CHANG Jian-zhong, AN Kang
(School of Mechatronice Engineering of Norith University of China, Taiyuan 030051, China)

Abstract: The smoothed particle hydrodynamics (SPH) is a relatively new method, which has advantages in
dealing with complicated free surfaces and nonlinear breaking waves. The Navier-Stokes ( N-S) equations of
Lagrangian form are solved. In order to improve the computational precision, two types of particles are used to
simulate the wall, and the improvements have been implemented to handle turbulence, fluid viscosity and density.
Two computation cases of the wave's propagation, transformation, breaking and the fluid-structrue interactions are

compared with other literatures. It is a foundation of our SPH code for further extension and application.
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