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Research of MPS method for Industrial Applications (Solid-Liquid Flows Simulation)
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Abstract: To calculate large-scale solid-liquid flow systems effectively, one problem to do so is the
difference of spatial discretization scale. The spatial discretization scale of liquid is larger than that of

solid. To simulate the large-scale systems, a new multi-scale Lagrangian model is developed by coupling
Discrete Element Method (DEM) with Moving Particle Semi-implicit (MPS) method. By modeling drag
force and the contact force, the multi-scale DEM-MPS enables the flow systems to treat the spatial
discretization scale of the solid and the liquid equally. This is because the drag force acting on the solids
and the energy dissipation due to collision depend on the solid size. Dam-break flow simulation was
executed to look into the effectiveness of the multi-scale model. The solid phase volume fraction was
10% with the original size of 100um. The simulations were carried out by using the calculated solid

whose size was 100 times larger than the original one. The multi-scale Lagrangian model could simulate
the original particle behavior from the viewpoints of the suspension by following the fluid streamlines.
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Fig. 2-1 Flows of solid-liquid simulation
by DEM-MPS method

godd

gbooobgo20b00b0obbooboooboon
0 O O Multi-scale DEM-MPS OO0 OO PMS-MPS
goboobooobooooobooboobo

goobobboboodgoooon

C-1(2)

goog

2000000000000000000 Fig. 2-2
O0OOMPSOOOODOOOOO0OOOOO2000
00000000000000000000000
0000000000000000D0O000000
00000000000001.0x 10°kgm’ 000 1.0
x 10°Psls 0000000 DODOOOOOOOOOO
0000000000000000DOOO0DO0O00
0 07.5% 10°kg/m*0 1.0x 10°N/m00.90 OO0 0.30
D0000D0000000000001.0x 10°m O
00000000000000000000000
0000000000000000 Casel100O Case
30000 1000000000000000000
000000 1005000000000000000
00000D00000000000DOOO0DOO00
00

Case 00000000 100000000000
O0D00D00 1.0x 10*m O 00 00 O 0 Multi-scale
DEM-MPS 000000000000 0O00000
00000000000 1000000000000

L 1580

olid particle

S

009

Fig. 2-2 Dam break configuration
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Fig. 2-3 Typical snapshots of the calculation results
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Fig. 2-4 Time vs. number of suspended particles
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Fig. 2-5 Time vs. number of particles in the area
surrounded by the broken line
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Fig. 2-6 Typical snapshots of the calculation results
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