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Monte Carlo Simulation of Normal Shock Wave

I1. VHS model and VSS wmodel

Hiroaki MATSUMOTO and Katsuhisa KOURA

National Aerospace Laboratory

ABSTRACT

The validity of the variable soft sphere ( VSS ) molecular model, which is

consistent with both

molecular potential, is investigated by the

the viscosity and diffusion coefficients of any inter-

Monte Carlo simulation of the

shock ¥ave structure in binary gas mixtures of Maxwell molecules. Calculations

are made by the null-collision direct-simulation Monte

Carlo method. The VSS

model yields the same shock wave structures as Maxwell molecules even when the

variable hard sphare ( VHS ) molecular model reveals a different structure. The

computation time and simplicity of the VSS model are confirmed to be almost the

same as those of the VYHS model.

The VSS model is, therefore, preferable to the

VHS model in practical use. Using the reliable values of the V5SS parameters, the

shock wave structure in He and Xe gas

mixtures is investigated to compare vith

the measured density profiles. The density gradient and separation distance are

in reasonable agreement with the experimental results.
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Fig.1 Comparison of reduced number density profiles
of He and Xe between the VSS model (—) and the
experiment ( o ) for the upstream Mach number

M,;=3.61 and mole fraction of Xe, fx,=0.015
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Fig.2 Same as Fig.1 ; M;=3.89 and {x.=0.03

Fig.3 Same as Fig.1 ; M;=4.40 and fx,=0.06
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Variable Soft Sphere Molecular Model in the Monte Carlo Simulation of Air Species

Katsuhisa KOURA,

Hiroaki Matsumoto, and Mikinari TAKAHIRA

Aerodynamics Division, National Aerospace Laboratory

ABSTRACT

The variable soft sphere (VSS) molecular model is developed so that both the viscosity and

diffusion coefficients are consistent with those for any intermolecular potential.

The values

of the VSS cross-section parameters are listed for air species together with the viscosity

coefficients, which may be required in the evaluation of the Knudsen number.

The VSS model is

applied to the "rarefied gas numerical wind tunnel (RGNWT)" and some results obtained using

the RGNWT are presented for the flowfield around the H-I1I orbiting plane (HOPE).
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List of the VSS parameters for the diffusion, viscosity, and total cross
the deflection-cosine exponent. and the viscosity coefficient determined

from the transport collision integrals (Ref.5) in the high temperature range 300-

15000 K.

efficient agrees with the recoamended value (Ref.6) at 300 K.

The values for some rare gases(#) are adjusted so that the viscosity co-

a o(?) o~ (§%) o (k") a 7 (uPa-s)
Species wp Cop @, C, w C Wa C. s A
N:-N,; 0.274 241.4 0.231 142.5 0.23% 216.1 0.0702 0.820 0.731 0.275
N2-0, 0.252 189.2 0.222 128.6 0.225 192.0 0.0491 0©.943 0.722 0.312
0.-0, 0.224 160.6 0.198 103.9 0.201 155.6 0.0419 0.949 0.698 0.388
N,-NO 0.263 219.1 0.227 1355 0.230 203.8 0.0588 ©.882 0.727 0.293
0:-NO 0.238 179.1 0.210 115.7 0.213 173.1 0.0455 0.945 0.710 0.348
NO-NO 0.250 198.1 0.218 125.0 0.221 187.6 0.0521 0.911 0.718 0.320
N-N, 0.295 215.4 0.276 165.4 0.275 240.3 0.0334 1.239 0.776 0.240
N-0, 0.234 125.9 0.221 95.8 0.221 139.9 0.0221 1.225 0.721 0.338
0-N. 0.254 150.1 0.239 114.6 0.239 167.1 0.0258 1.231 0.739 0.295
0-0, 0.211 103.7 ©0.199 78.5 0.199 114.7 0.0202 1.216 0.699 0.420
N-NO 0.260 163.1 0.244 124.6 0.244 181.5 0.0277 1.231 0.744 0.264
0-NO 0.230 122.0 0.217 92.7 0.217 135.4 0.0221 1.222 0.717 0.359
N-N 0.357 274.3 0.335 212.9 0.328 305.8 0.0435 1.495 0.835 0.147
0-0 0.239 96.2 0.225 73.3 0.225 106.9 0.0239 1.227 0.725 0.402
N-0 0.286 146.6 0.269 112.4 0.268 163.6 0.0296 1.238 0.769 0.267
Ar-Ar® 0.200 112.9 0.190 95.3 0.189 138.6 0.0181 1.458 0.690 0.468
Ar-N;  0.229 157.4 0.216 119.7 0.216 174.8 0.0221 1.224 0.716 0.349
Ar-0, 0.186 106.1 0.176 79.9 0.176 116.9 0.0187 1.206 0.676 0.518
Ar-N  0.257 154.0 0.241 117.6 0.241 171.3 0.0276 1.231 0.741 0.291
Ar-0 0.218 103.5 0.206 78.5 0.206 114.7 0.0203 1.219 0.706 0.438
He-He 0.282 82.0 0.265 62.9 0.264 91.5 0.0296 1.238 0.765 0.246
Be-Ar  0.215 82.2 0.203 2.3 0.203 91.0 0.0221 1.224 0.708 0.311
Ne-Ne 0.136 65.7 0.186 49.6 0.186 72.6 0.0167 1.211 0.686 0.636
Kr-Kr® 0.143 841 0.137 73.7 0.136 107.6 0.0110 1.559 0.637 0.823
Xe-Xe® 0.125 100.6 0.119 81.2 0.119 118.3 0.0108 1.353 0.619 0.913
Table 2 Same as Table 1; from the viscosity coefficient (Ref.6) in the low ( 20-
300 K ) or high ( 300-2000 K ) temperature range.
T =20 - 300 K T =300 - 2000 K
o (k) 7 (uPa-s) o . (k*) 7 (uPa-s)
Species C a s A @ C a s A
Na 0.359 499.5 1.784 0.859 0.13% 0.172 134.4 1.362 0.672 0.397
0; 0.415 678.4 1.820 0.915 0.114 0.203 153.0 1.429 0.763 0.3B86
Air 0.398 635.8 1.878 0.898 0.113 0.232 203.7 1.492 0.732 0.285
Ha 0.270 140.1 1.578 0.770 0.11% 0.188 2.5 1.396 0.688 0.177
C0, 0.452 1454.8 2.014 0.952 0.0656 0.287 434.6 1.616 0.787 0.177
CHs 0.443 1089.0 1.991 0.943 0.0552 0.246 272.9 1.524 0.746 0.162
He 0.166 44.9 1.349 0.666 0.44% 0.204 58.6 1.431 0.704 0.357
Ne 0.229 96.0 1.486 0.729 0.504 0.160 60.0 1.336 0.660 0.743
Ar 0.389 586.4 1.856 0.889 0.143 0.201 151.9 1.425 0.701 0.434
Kr 0.466 1285.4 2.050 0.966 0.104 0.233 239.9 1.495 0.733 0.414
Xe 0.481 1988.4 2.088 0.981 0.0861 0.302 537.9 1.651 0.802 0.252
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Fig.1 Viscosity coefficientvof‘Nz for the

V5SS parameters determined- from the collision

integrals (—— - --, Ref.5) as compared with
that for the correlation fuhctional (-,
Ref.7) in the high temperature range
300-15000K. The viséosity coefficient for

the VSS parameters determined from the

correlation functional (- - -, Ref.7) and
the Sutherland formula (-- - --) are also
presented.
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