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Abstract : The particle based computational fluid dynamics (CED) method, which follow Lagrangian approach for fluid dynamics, fluid particle behavior
by tracking all particle calculation physical quantities of each particle. According to basic concept of particle based CFD method, it is difficult to satisfy
continuum theory and measure influences from neighboring particle. Article number density and weight function were used to solve aforementioned issue.
Difficulties continuum mean simulate non-continuum particles such as solid including granular and sand. In this regard, the particle based CFD method
modified solid particle problems by replacing viscous and surface tension forces friction and drag forces. In this paper, particle interaction model for
solid particle friction model implemented to simulate solid particle problems. The broken dam problem, which is common to verify particle based CFD

method, used fluid or solid particles. The angle of repose was observed in the simulation results the solid particle not fluid particle.
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Fig. 1. Schematic Diagram of Friction Force Direction.
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Fig. 3. Schematic Diagram of Simulation Model.
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Table 1. Characteristics of Fluid and Solid Particle

Density
(kg/m®)

Viscosity
(m*/s)

Friction

Particle Coefficient

Fluid1 1000 1.0x 1072 -

Fluid2 1000 1.0x10°¢ -

Solidl 1000 - 0.2

Soild2 1000 - 0.4
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Fig. 4. Snapshots from Fluid and Solid Particle Simulation (a) »=1.0X 1072, (b) v=1.0%x10"°

(d) Friction coef= 0.4.

Glover(1995)8 233 th5o] ATAE9] o7 w} kil
aAYA] A nEsierd 27, F JAke A7), FH, &
o] xg Tl el thgsA Bk = QL] rﬂHOﬂ A (11)
L& u Z A}eE A A3 o|E7kolgl B 4 gir)
o7 Fatodxl el HuE FI Al EHIA
T AESITH ATl A 1A JAE A
Fael HE(clay)o] nHEEATE 025~04°]M

o2 ek eha7he 257 ~40° ]t} Fig. 59}
Fig. 6= w22 A57F zhz 029 0491 Al E# o] Aol A <]

- 123 -

T=10.0 Sec

(c) Friction coef. = 0.2,



o] =i 20178hd e st wujshEd ] A

of &J3ste] AFH A5 (FAIE/2017F030).

References

[1] Bakti, F. P, M. H. Kim, K. S. Kim, J. C. Park(2016),

Fig. 5 Angle of Repose for 0.2 Friction Coefficient. Comparative study of standard WC-SPH and MPS solvers for

free-surface academic problems, International Journal of
Offshore and Polar Engineering, 26(3), pp. 235-243.

[2] Crespo, A. J. C., J. M. Dominguez, B. D. Rogers, M.

Gomez-Gesteira, S. Longshaw, R. Canelas, R. Vacondio, A.

Barreiro and O. Garcia-Feal(2015), DualSPHysics: Open-source

parallel CFD solver based on Smoothed Particle

Hydrodynamics (SPH), Computer Physics Communications,
187, pp. 204-216.

[3] Glover, T. J.(1995), Pocket Ref. Sequoia Publishing, ISBN
978-1885071002.

[4] Khayyer, A. and H. Gotoh(2013), Enhancement of performance
and stability of MPS mesh-free particle method for
multiphase flows characterized by high density ratios, J.
Comput. Phy., 242, pp. 211-233.

Fig. 6 Angle of Repose for 0.4 Friction Coefficient. [5] Kim, K. S, M. H. Kim and J. C. Park(2014), Development of
Moving Particle Simulation Method for Multiliquid-Layer
4. 4 E Sloshing, Mathematical Problems in Engineering, 2014,

dx.doi.org/10.1155/2014/350165.
TS ARESHE YA S Al [6] Kim, K. S. and M. H. Kim(2017), Simulation of the

= Kelvin-Helmholtz Instability using a multi-liquid moving

& T3] -‘HEH ‘:']'ila e F7IE =Ysiglen, 1 particle semiOimplicit method, Ocean Engineering, 130(2017),
Al JApl A ARESHA = A wiAlete] A YAt pp. 531-541.
Al oA 71l dist AFE Fadsslnh [7] Koshizuka, S. and Y. Oka(1996), Moving-particle semi-implicit

Algdold A3 Y ZA d&l fA YAE o] &3 method for fragmentation of incompressible fluid, Nuclear
A EF oA HA o] & Ao alE nigdy HY science and engineering, 123(3), pp. 421-434.
sHAl AraEde] AdEE S AT 7 ARen, A [8] Lee, B. H, J. C. Park, M. H. Kim and S. C. Hwang(2011),
Az RAlS Aast AL 1A AAwre] 31§ EAJQl ok Step-by-step improvement of MPS method in simulating
7+8 7MAH ekAZE pRAES F1Et) ol & § violent free-surface motions and impact-loads, Comput.
A AANHS BASE WAlS Hoju g orgx o HH e Methods Appl Mech Eng., 200(9), pp. 1113-1125.



SLA A MPSH & o] &3 EAL

[9] Monaghan, J. J.(1992), Smoothed Particle Hydrody namics,
Annu. Rev Astron Astrophys, 30, pp. 543-574.

[10] Nomura, K., S. Koshizuka, Y. Oka, and H. Obata(2001),
Numerical analysis of drop breakup behavior using particle
method, J. Nucl. Sci. Tech., 38(12), pp. 1057-1064.

[11] Shirakawa, N., H. Horie, Y. Yamamoto, and S. Tsunoyama
(2001), Analysis of the Void Distribution in a Circular Tube
with the Two-Fluid Particle Interaction Method, J. Nucl. Sci.
Tech., 38(6), pp. 392-402.

[12] Tanaka, M. and T. Masunaga(2010), Stabilization and smoothing
of pressure in MPS method by quasi-compressibility, J.
Comput. Phy., 229(11), pp. 4279-4290.

Received : 2017. 12. 07.

Revised : 2018. 01. 15. (1Ist)
: 2018. 02. 06. (2nd)

Accepted : 2018. 02. 26.

- 125 -



