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Fig. 1. Schematic of configuration of dummy particles

representing the solid boundary.
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Fig. 2. Schematic of fluid flowing from a pair of solid walls.
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Fig. 3. (color online) Simulation results of flow field and pressure distribution at different times. (a)—(c)
Monaghan’s method; (d)—(f) Adami’s method; (g)—(i) New proposed method.
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proposed method; (b) Marrone’ s method/Corrected
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Fig. 9. Comparison of experiment and simulation results of S-shaped cavity’ s filling process.

Experiment results; (e)—(h) Simulation results.
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094701-9


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) 32 % 3§  Acta Phys. Sin. Vol. 64, No. 9 (2015) 094701

L FARRL T IE BE AL = 2.92 x 1073 m, AR T 5

\/§ \’\5::: XI]: ‘!??’ \{\! "??Hﬂ F’]ﬂ‘ﬁl’
///
//’;

FHRAE, KT EIEE AL, = 1.5 x 1073 m, 17
b F S HON 792; Adami R 5 IEFIUA ST VR

_H—

A R 32 F kL, Mk R~T 53R 4 [,
B12 AR A R KL EN 2432, B E] 2P K At = 5.0 x 1075 s,
Fig. 12. Schematic of dam-break. )_E'-?iics = 10\/2gH ~ 23.94 IIl/S7 Ej}'}%ﬁ[’ﬂ‘l‘

6 X Koshizuka 2 (26] ) 5206 B8 /K bt K i lg| = 9.81 m/s?. AR ZIKBIRIA S K
L = 0584 m, KH®EEH = 0292 m, 5 I3 A e MR X 3852 B 38 AR A 21 an B 13 s,
B = 0.146 m, ZH&IA5 H B . K E4 0 2 40 BB 13T LLE H, =R 5 o A5 2R )
541 HE. 2 BB Linid 7 /5774 9] Adami TEARTERE LRGSR+ fF 6, ERsEE
JE R 5 13 TV RUAR S 06 2% 1l AT T AL (RIS B R ) o0 A FAFTE ¥ 22 57 S LT R

(d) PloaH (f) Plpgt
| -_—r .
0.25 m; 1 0.25 -0.2 0 02 04 00607 ,.?.
. 0.20 ' 0.20 2
= 015 = 0.15
010 0.10
0.05 0.05 5 |
0 0 Tes i ) o T )
0 0.1 0.2 0.3 0.4 0.5 0.6 0 0.1 0.2 03 04 05 06 0 0.1 0.2 0.3 0.4 0.5 0.6
x/m x/m x/m
PfpgH i Plpgt
(g} 2 . ! (1) .
0.25 -2 0 02 04 06 0T | 0.25 -02 0 02 04 0607
0.20 ; i : : 0.20 )
£ 13 I L £ oas} ur
s i ) = E ik
0.10 | | \ 0.10
0.05 | 0.05 ] —_— -
0 e ; 0 e :
0 0.1 0.2 0.3 0.4 0.5 0.6 0 0.1 0.2 0.3 0.4 0.5 0.6
z/m x/m
)] PfogH (k) P paH ()] PlngH
. —_——E .
0.25 T, ! 0.25 0.25 f ~03 0 02 04 0667
= 0.20 : ig 020 z 020
S 015 iSES— S 015 =015
0.10 0.10 0.10
0.05 0.05 0.05 ==
0 T T T e 0 o
0 0.1 0.2 0.3 0.4 0.5 0.6 o 0.1 02 03 04 0 0.1 0.2 0.3 0.4 0.5 0.6
x/m xfm x/m
{a) t=0.1s (b) t=0.2s (c) t=0.6s

13 (MFIR ) AR 20 BRI B2 A7 A S R DO 2 BRI FHER DT (a)—(c) SR8 (d)—(f)
Liu 7 B R, (g)—(>1) Adami BTG R; (5)—©0) A HEVHSER

Fig. 13. (color online) Snapshots of flow field, pressure distribution and boundary forces in typical areas of
dam-beak at different times (a)—(c) experiment results; (d)—(f) simulation results of Liu’s method; (g)—(i)

simulation results of Adami’s method; (j)—(1) simulation results of the new proposed method.
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(f) simulation results of the new proposed method.
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Abstract

As the smoothed particle hydrodynamics (SPH) is a truly Lagrangian meshfree method, the implementation of
solid boundary condition has been one of the key problems that hinder SPH from applying to lots of engineering
problems. In order to treat the boundary conditions efficiently, based on the boundary-fluid interaction principles, a
new boundary treatment method is proposed. In this method, the solid boundary is represented implicitly by several
layers of dummy particles along the boundary line. During the simulation, the dummy particles are treated as an
extension of the fluid phase. The densities of dummy particles are kept constant, and the pressures and velocities are
interpolated from the nearby fluid particles at each time step. Dummy particles can be involved in the calculation of the
continuity equation conditionally and exert influences on the density/pressure field of the fluid phase. Then, for the fluid
particles that approach the solid boundary, local pressure gradients are used to represent the dummy-fluid particle pair’s
interaction strength and act as the boundary force term implicitly, which is tuned to be repulsive only and normal to
the boundary. Thus, large pressure gradients mean strong boundary-fluid interaction strength, and the boundary force
from the dummy particles should also be large enough to prevent the fluid particles from penetrating the solid boundary;
and on the contrary, small pressure gradients mean weak boundary-fluid interaction strength and the boundary force
becomes soft and little disturbs the flow field. Results of numerical tests demonstrate that, compared with the existing
boundary treatment methods, the new method is in better accordance with the physical principles of the fluid-boundary
interaction, and is able to treat arbitrary solid boundaries with limited modeling and computational costs. With the
help of this new boundary treatment method, the stable flow field, well-ordered particle distribution, smooth velocity
and pressure fields could be obtained. Theoretically, this new boundary treatment method could be directly used in
three-dimensional multi-phase problems. Further tests are planned to be carried out; meanwhile, expanding the new

boundary treatment method to rigid-fluid interaction problems is also a work in the future.
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