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Fig. 1. Material temperature with different cell numbers (¢t =
10 ns).
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Fig. 2. The convergence of material temperature: (a) Material
temperature change with time in 7 = 0.05 ¢cm; (b) material
temperature change with cell number in r = 0.05 cm (¢t =
5 ns).
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Table 1.

standard deviation and the maximum error of tem-
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perature curves with different cell numbers.

Cell number Standard deviation/eV Maximum error/eV

20 80.8 273
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Table 2.  Computation time with different cell

numbers.

Cell number  Particle number ~ Computation time/s
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Fig. 3. The dependence of temperature on space is approxi-

mately linear.
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Fig. 4. Spatial probability density distribution of radiation source particle in different positions of radiation wave:
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Fig. 5. Material temperature with different cell numbers
(t =10 ns): (a) Multiplying sampling method; (b) stepped
approximation sampling method.
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Table 3.  Relative to the reference solution, the standard deviation, and the maximum error of temperature curves with dif-

ference cell numbers.

Feshrek B 3 AR A v
Cell number
Standard deviation/eV Maximum error/eV Standard deviation/eV Maximum error/eV
20 21.60 91.6 18.80 77.8
40 13.60 75.4 12.40 68.7
100 10.40 77.9 10.40 87.6
200 5.64 63.3 5.27 59.5

FECH 40 BF, PIFEHAE LT RS RE S 55
H AR —F (A 6 FR), AR ST S ib 5
S Prim 2z, FRE 5 SCk [20] Hhig2qel, /R
FEPRANRIEREEAE r AR R B T4, 1R
JEL A AR A AGE (52 1 AR ECh 20 1)
TR A R iR 22 2 i R R B 1 Y ). sk Ak
%) D 22 1 38 2 0% P A a5 | AR B 4410 Tr R R
FAMBE T TR TR, 20 22 % K 2R S i [
IRZIA AN . AU 5 R 6 IR ASREIA B Hi3fe
R RTBA Ao AT ARM R 7 X B AL 235 SR 1E ) 22 57
kTR R R R G SR D R A
XPEFIRAMAETE B IE AR, 2 3 51 T 4R i 26
AR JEVE AR (R w22, PT LA ) PR fh R 45 3
F14) 5k 8 ph 26 T A6 ot 2 OO A 50 A B i ik /s, 5 Ak
FE 40 IS B G 25 B TRLE i 4 5 528 i I b o i 22
E 0 L /N T AR IRAAE T 200 A% s iR it
LIPRMEI2ZE (W3R 1), i KR ZEHEEH BN T
Je VLB BT HIARE IR AE 40 (A% B 75 21 A9 1
JERHZR MBS A Y. BT IRmbrE LT
RIFAE LIRS SO, S5 2 R v i 22 A e KR 254X
FURT /N, I IF A RERA I & T A, B
PR IR FR 7 vk PTARBE SE PR A . Ak b, 2
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UL, FH DA S A PR AT ARE D7 it L A TR R
FFATRRLF ) 2 SR

FE IR AR G R, THRAS RS KAK
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228 x 10% s, RHGH %, WM L2 40 R
AL, R AL N 2,56 x 108 s, 33X KRECH 4
TROEPET T2 9 5.

4 HERERET LR

Table 4. Computation time of the problem.

Sampling Cell Particle Computation
method number number/10* time/10% s
20 1 1.80
40 2 2.72
SR 100 5 5.74
200 20 22.80
400 40 50.60
20 1 1.65
o 40 2 2.56
et
100 5 5.64
200 20 22.40
20 1 1.61
. 40 2 2.58
[itesiblim Pkililaar
100 5 5.75
200 20 22.40
5 &

ARSCHIFFE T BRILAAT 0 S J5ORE 1 (9 23 [ 70 A1
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TR IR 2 TR T 3 B, O ) 2 e Mg 5 o
J3E 5 A bR KR B VB St 104 3R SORE A S5 F)  BERL
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o I HAC” B R IAR 7 O THE 45 SR A 22 KR Y
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Abstract

Sampling of radiation source particles is important for obtaining a correct result in the thermal radiative
transfer simulation with implicit Monte Carlo. When conducting the implicit Monte Carlo simulation of
spherical geometry, temperature in a cell (a spherical shell) is generally treated as a spatially independent value.
That means that the particles of radiative source are uniformly distributed in a spherical shell. In some cases
where the gradient of temperature inside a cell is relatively small, the treatment does not cause too many errors.
However, when the opacity of material becomes large enough or the spherical shell becomes thick enough, the
temperature of thermal wave head will change sharply and there will be a great temperature gradient even in a
single spherical shell. The treatment will make the thermal radiation propagate much faster than the practical
one, which is unacceptable in physics. We investigate the physical and numerical reasons for this violation,
finding that the simulation results strongly rely on the separation of cell and that the thermal wave propagates
faster with the cell number decreasing. In order to yield an accurate result, the cell number has to increase up
to a large enough value. Unfortunately, more cells need more particles to reduce the numerical variance, and
more particles will cost more computation time and thus causing the simulation efficiency to lower. In our work,
temperature is not treated as a constant in space any more. Instead, it is treated as a linear function in a cell.
Based on a new temperature function and radiative energy density distribution, a probability density
distribution function of emitting position of radiation source particle in spherical geometry is obtained. Then
two new spatial sampling methods are proposed and the sampling procedures of radiation source particle are
designed. To verify our new sampling methods, we test several typical thermal radiative problems and compare
the result with a reference solution. Numerical experiments show that both two new sampling methods can
correct the errors of thermal radiative propagation speed and overcome the difficulty that simulation result is
strongly dependent on cell number. In addition, both new sampling methods can obtain an accurate result even
with less cells and less particles, which can saves plenty of computation time and improves the simulation

efficiency.
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