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Calculation of Mean Free Path of Pure Gas and Binary Gas Mixture Based on Direct
Simulation Monte Carlo Method
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Abstract: The direct simulation Monte Carlo method was used to study the collision process between the molecules
when the pure and binary gas mixtures are in equilibrium. The mean free path and the number of collisions per unit time
and unit volume are calculated by using variable hard sphere model and variable soft sphere model between 300 K and
20 000 K. In order to check the accuracy of the simulation of the two models, the results are compared with the numerical
calculation results under the corresponding models. The results show that the relative deviation of the simulation results of
the pure gas and the calculation results does not exceed 0.7%,and the relative deviation of the mixed gas does not exceed
1.5%. The simulation results under the above two models are compared with the calculation results under the hard sphere
model. It is found that under the hard sphere model, the mean free path of gas molecule has a larger error than the other
two models at a wide range of temperatures, and the number of collisions gas molecule in unit time and volume is propor-
tional to the square root of the simulated temperature. When the simulated temperature is higher than 300 K, the results
are bigger than those of the other two models.
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Fig. 1 Three-dimensional spatial distribution map of gas

molecules in simulated space model
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Tab.1 Single and mixed gas number density and simulation time

BT T MRS KA B
1 1x10" 1x107 1x10™
2 1x10" 1x107 1x10™
3 1x10" 1x107 1x10™
4 5%10" 5%10" 1x107 1x107™
5 5%10" 5%10" 1x107 1x10™
6 5%10" 5%10" 1x107 1x10™
Fz2 AEMEE TR FHIE
Tab.2 Simulated molecular properties at different models
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53 ¥ e mikg 5.31x107* 4.65x107* 6.63x107 4.65x10™ 6.63x10™
iR o 0.77 0.74 0.81 0.74 0.81
BIUR 78« 1 1 1 1.36 1.40
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Tab.3 Simulation and calculated mean free path of pure and binary gas mixture at VHS model
SRS TP A AR /m
R /K Ar N,
LEDLIEN A AR 22/% TRELE HEAH AR 22/ %
300 0.1333 0.133 4 0.08 0.132 4 0.1325 0.08
1 000 0.193 6 0.1937 0.05 0.176 8 0.176 8 0.00
3000 0.272 1 0.272 1 0.00 0.230 1 0.230 2 0.04
5000 0.318 8 0.3189 0.03 0.260 1 0.260 2 0.04
10 000 0.395 4 0.395 4 0.00 0.307 2 0.307 3 0.03
15 000 0.448 1 0.448 4 0.07 0.338 6 0.3387 0.03
20 000 0.489 8 0.490 2 0.08 0.362 8 0.363 0 0.06
SRS T H AR /m
REAPLR EE/K 0. N,:0=1:1
TEEALLE THRAE AR 2E/% FEUE THAE AHX s 2/%
300 0.139 4 0.139 5 0.07 0.1358 0.1358 0.00
1 000 0.193 0 0.193 0 0.00 0.184 5 0.184 6 0.05
3000 0.2595 0.2597 0.08 0.244 1 0.244 3 0.08
5000 0.298 0 0.298 0 0.00 0.2779 0.278 3 0.14
10 000 0.359 3 0.359 4 0.03 0.3316 0.3322 0.18
15 000 0.400 7 0.4010 0.07 0.367 7 0.368 3 0.16
20 000 0.4332 0.433 4 0.05 0.395 6 0.396 3 0.18
ST H B R /m
PRI /K Ar:0=1:1 Ar:N=1:1
TEEALLE TR AR 22/ % BALME TR AHX I 2/%
300 0.136 2 0.136 1 0.07 0.1322 0.132 4 0.15
1 000 0.193 0 0.193 0 0.00 0.1839 0.184 4 0.27
3000 0.2652 0.265 5 0.11 0.248 0 0.249 4 0.41
5000 0.307 5 0.307 8 0.10 0.285 6 0.284 8 0.28
10 000 0.375 8 0.376 4 0.16 0.345 1 0.347 3 0.63
15 000 0.4225 0.4233 0.19 0.3855 0.388 1 0.67
20 000 0.459 1 0.460 1 0.22 0.4172 0.4203 0.75
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Fig.3 The mean free path of N;under different temperatures

and different models

K4 No:Ar=1: I7EARRRREEARIFBIAD R 5714 H i
Fig. 4 The mean free path of N,: Ar=1: 1 under different
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Tab.4 Simulation and calculated mean free path of pure and binary gas mixture at VSS model

SRV A A m
PR /K N, AriN=1:1
PR A AN 251 % R ARAIEN FHXF 251 %

300 0.136 3 0.136 4 0.06 0.136 3 0.1352 0.78

1 000 0.1820 0.1820 0.00 0.189 3 0.1883 0.51
3000 0.236 8 0.2370 0.06 0.2555 0.2547 0.31
5000 0.267 8 0.2679 0.05 0.294 0 0.2931 0.30
10 000 0.3162 0.316 4 0.06 0.3552 0.3546 0.16
15 000 0.348 5 0.348 7 0.07 0.3970 0.3964 0.15
20 000 0.373 4 0.3736 0.06 0.429 6 0.4291 0.11

3.2 ARy AR R HON K PR PN B Rl R B BB R A AR AL G R . R 6 X

F5GH T SRR AR AU AR NN, Ar=1: 1T AGTR & AR AE VSS AR
ST THURE AR VHS BB B IR B, TR FEAT ORI,
®5 VHSHEER—SKR RS SRR 8 BRI A 2 FHaiE R E
Tab. 5 Simulated collision rates compared with analytical values for pure and binary gas mixtures at VHS

AU T RIEE B (U m - s7)

FERIR /K Ar N,
A AL AEXH I 2/% A FHAAE AEXT A 2 /%
300 1.49%x10* 1.50x10* 0.67 1.80%10* 1.80%10* 0.18
1 000 1.87x10% 1.88x10* 0.53 2.46x10% 2.46x10* 0.04
3000 2.31x10% 2.32x10% 0.43 3.28%10* 3.27x10* 0.38
5000 2.55%10* 2.55%10% 0.00 3.74x10* 3.74x10* 0.13
10 000 2.91x10* 2.91x10% 0.00 4.48x10” 4.47x10% 0.03
15 000 3.13x10* 3.15x10* 0.63 4.98x10” 4.97x10% 0.16
20 000 3.30%10* 3.32x10* 0.60 5.34x10* 5.36x10* 0.29
ARG TR R EY (K -m™-s™)
*ﬁ%ﬂ?ﬂ%‘lg/K Oz Nz : 02=1 |
R HEE AHX i 2/% R A FEXT i 22/ %
300 1.60%x10% 1.60x10™ 0.01 1.69%x10% 1.70x10* 0.21
1000 2.10x10* 2.11x10% 0.12 2.28%x10* 2.28%x10* 0.18
3000 2.72x10% 2.71x10% 0.16 2.99x10* 2.99x10* 0.07
5000 3.05x10% 3.05x10” 0.12 3.40x10% 3.38x10” 0.34
10000 3.58%x10* 3.58x10” 0.04 4.02x10% 4.01x10% 0.14
15000 3.93x10* 3.93x10” 0.03 4.44x10% 4.43x10% 0.25
20000 4.21x10% 4.20x10* 0.31 4.75%10% 4.76x10% 0.12
SRS FREFE A (K -m-s7)
FRAUTR /K Ar:0.=1:1 Ar:N=1:1
A e AEXH I 2/% A THAE AHX R 25/%
300 1.55%10* 1.54x10” 0.48 1.64x107 1.64x10” 0.44
1 000 2.00x10* 1.99x10* 0.31 2.17x10* 2.15%10* 1.02
3000 2.51x10* 2.51x10% 0.26 2.78%10* 2.76x10* 0.61
5 000 2.80%x10* 2.79%10% 0.39 3.11x10* 3.10x10* 0.32
10 000 3.24x10* 3.23x10* 0.29 3.64x10% 3.64x10* 0.11
15 000 3.53x10* 3.52x10* 0.13 3.99x10* 3.98x10* 0.25

20 000 3.73x10% 3.74x10% 0.27 4.28x10™ 4.26x10™ 0.36
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Tab.6 Simulated collision rates compared with analytical values for pure and binary gas mixtures at VSS

S FREHE B (K -m™-s™)

bl
K N, Ar:N=1:1
Hetblfi P R Hetblfi SR xR
300 1.742x10* 1.746x10% 0.23 1.603%10* 1.590x10% 0.81
1 000 2.394x10* 2.388x10% 0.25 2.101x10% 2.090x10% 0.53
3000 3.187x10% 3.178%10% 0.28 2.703%10% 2.703x10% 0.00
5 000 3.634x10” 3.629x10% 0.14 3.038%10” 3.015%10% 0.76
10 000 4.334x10” 4.346x10” 0.28 3.573x10% 3.533x10% 1.13
15 000 4.841x10” 4.830x10* 0.23 3.931x10% 3.877x10% 1.39
20 000 5.206x10% 5.204x10% 0.04 4.184x10” 4.141x10* 1.04
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Fig. 5 Collision rates of N, at different models

Fig. 6 Collision rates of Ar:N,=1:1 at different models
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