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Fig. 1. Material temperature in different moments (o, =
500).
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Fig. 2. Radiative temperature in different moments (o, =
500).
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Table 1.  Simulation time of IMC method and

DDMC method in different initial cross sections.

op/keV3cm ! IMC time/s DDMC time/s Speed up

200 330.4 143.3 2.3
500 505.8 139.9 3.6
1000 894.2 142.1 6.3
2000 1158.6 142.2 8.1
7 &= =1 B
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Fig. 3. Material temperature in different moments (o, =
500).
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Fig. 4. Radiative temperature in different moments (o, =
500).
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Table 2.  Simulation time of IMC method and

DDMC method in different initial cross sections.

op/keV3cm ! IMC time/s DDMC time/s Speed up

200 1184.4 298.2 4.0
500 2357.6 291.8 8.1
1000 4348.7 288.6 15.1
2000 8406.4 287.7 29.2

Pl 4 v S IR T 2 % I8 sl R, L P
Ji 45 DA% ] 9 I B85 7 DL O VA 3k Bl (I 5 AH
8. WA BT R R R SRR B O T R R
Bofm/b | SR ZE AR ik, EHAS R
ARG BT, B R T4 R 2 500000 J5 3
B REIE 5 R 6 FT 7N 4 5 L e SR R 1Y)
Iy AEtENL. S 3 MK 4 XA I, BUE s A
BH 58 i I, 16 B K I U 2l iffy ST 2 Fh R A B 2
SR, AFIA S DDMC J5 32 B s B A4
SR
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Fig. 5. Material temperature in different moments (o =
500, N, = 500000).
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Fig. 6. Radiative temperature in different moments (o, =
500, N, = 500000).
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Fig. 7. Material temperature in different moments.
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Abstract

Thermal radiation transfer in material and the interaction between radiative photon and material are
important research projects of the inertial confinement fusion, and Monte Carlo method is one of the important
researching methods. Based on the implicit integral-differential transport equation, traditional implicit Monte
Carlo method can accurately simulate the thermal radiation transport in material. However, the implicit Monte
Carlo method would take quite a long computational time when the opacity is increased because scattering
events are dominant in particles’ histories, thus reducing the simulation efficiency. In this paper, based on
discrete diffusion Monte Carlo method, i.e. a radiation transport code, the discrete diffusion Monte Carlo
radiation transport simulation, is developed. The code increases the efficiency of thermal radiation simulations
in a high opacity range, but it can yield insufficiently accurate results in a low opacity range. There exist low
opacity material and high opacity material in the inertial confinement fusion. In this work, investigated are
several numerical techniques that can improve the utility and accuracy of discrete diffusion Monte Carlo for
grey thermal radiation simulation. First, the discrete diffusion Monte Carlo method and implicit Monte Carlo
method are combined. Second, a new method of treating the interface between the diffusive region and the
transport region is proposed. Finally, a hybrid radiative transfer program is developed. In order to verify the
hybrid radiative transfer program and the new interface method, a series of numerical experiments for typical
thermal radiation transport problem is conducted. In these problems, materials with different opacities are
tested. Then the simulation efficiencies and curves of temperature, obtained by the two Monte Carlo methods,
are analyzed. According to the simulation results, the program can not only accurately simulate the radiation
transport in material with high opacity, but also remarkably increase the simulation efficiency. This is because
many implicit Monte Carlo steps are substituted by one diffusive step and the details in the diffusive step are
ignored. Also, the propagation of thermal radiation depicted with figures and tables are consistent with the
radiation transport theory. In addition, the results from the hybrid Monte Carlo method reach the same

accuracy as that from the implicit Monte Carlo method, and the simulation efficiency is remarkably increased.

Keywords: thermal radiation transport, implicit Monte Carlo method, discrete diffusion Monte Carlo

method, interface methods
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