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Fig.2 Schematic diagram for particle-collision dynamics
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Table 1 Initial parameters of fine particles and heavy particles

Initial parameters

Fine particles

Heavy particles

0<z<2m, 0<y<2nr
0.57 < 2 < 1.57

boundary condition

the number of cell

shear rate, v (s™1)

particle velocity distribution

u(xY y) Z) = ‘YZY ’U(xY yY z) = 0

0<z<2m, 0<y<2n

0<z2<2n
163 163
60 —

Maxwell distribution,

w(z,y,2z) =0 <vZ>m3
the maximum of particle
282.743 4
velocity, v@( (m/s)
the total number of particle, N 10° 10°
particle diameter, d;, 0.01 0.01
the maximum of time step, Atmax(s) 0.0014 0.098
collision kernel, 8 (m3 /particles/s) 7.985x107° 7.09x1074
the minimum of collision
0.250684 4 0.028 204
time scale(s)
time step, At (s) 0.001 0.005
time evolution, T (s) 0.1 0.5
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Table 2 Comparison between MMC' methods solution, DNS
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solution and analytical solution of particle collision rate

The average collision rate

Relative error  The number probability of collision

Results . .
(#,5 (m®)~ 1y (%) occurring in the same cell
MMC solution (fine particles) 25.047 -3.498 0.557
DNS solution (fine particles) 26.03Y 0.323 0.473
analvtical solution (fine particles) 25.955 — —
MMC solution(uniform cell. . .
059.083 2.619 0.960
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DNS solution(uniformn cell, _ R
57.584 0.014 0.956
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AMMC solution(nonunifornt cell, -
60.067 4.327 0.957
heavy particles)
DNS solution({nonuniform cell, o .
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analytical solution (heavy particles) 57.576 — —
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MULTI-MONTE CARLO METHOD FOR INTER-PARTICLE COLLISION Y

Zhao Haibo?  Zheng Chuguang Chen Yinmi
(State Key Laboratory of Coal Combustion, Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract In the interest of improving collision arithmetic and decreasing computation cost, a new Multi-
Monte Carlo (MMC) method for inter-particle collision is promoted. The particle motion is described by the
Langevin equations, which are solved by Monte Carlo (MC) method. On the same time, inter-particle collision is
modeled by Direct Simulation Monte Carlo (DSMC) method, which is coupled with the forenamed MC method.
The simulation particles of MMC method are fictitious particles, the number of which is far less than that of
real particles. In order to found an integrated MMC method for inter-particle collision, a series of methods are
developed, which include the setting of time step, the judgment of control volume in which fictitious collision
partner lies, the judgment of the occurrence of inter-particle collision event, the choice of fictitious collision
partner, and particle collision dynamics based on stochastic collision angle. Fine particles flows and heavy
coarse particles flows are chosen as standard cases to validate MMC method. The simulation results of MMC
method are in good agreement with that of both analytical solution and Direct Numerical Simulation (DNS),
not only on macroscopical facets such as particle collision frequency, but also on microcosmic facets such as
time-averaged or special-time-point particle number density, particle velocity and particle turbulent kinetic
energy etc. The results of numerical simulation show that MMC method for inter-particle collision has not only

enough low computation cost but also enough high computation precision.

Key words particle, collision, Multi-Monte Carlo method, computation cost, computation precision
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