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Figure 1 (Color online) Demonstration of the integral with respect to
¢’ used in the calculation of the kernel mode. When the vector e is fixed,
¢’ is in the x’y’ plane perpendicular to e. That is, it degenerates to a two-
dimensional vector with 8, varying from O to 27t. Because of symmetry,
we only consider the region 0 < 6, < 7 [31].
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Figure 2 (Color online) Demonstration of numerical implementation.
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Figure 3 (Color online) Contour plots of the marginal VDF, [ fdvs. In
each figure, from bottom to top, xo = 0.5, 0.25, and 0.5, respectively.

From left to right, x; = 0, 0.25, and 0.5, respectively. The velocity region
shown is [—2,2] x [-2,2] [36].
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Figure 4 (Color online) The mass flow rate as a function of the Knud-
sen number, for various values of L/o, when the collision between the
hard discs is elastic. Solid lines: numerical results of the Navier-Stokes
equation with the first-order velocity slip boundary condition. The other
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Figure 5 (Color online) The influence of the external acceleration on
the MFR at L/o = 30, when the restitution coefficient is & = 0.9. The
normalised acceleration is F = 0.0001 (triangles), F = 0.5 (circles), and
F =1 (pentagrams). Inset: temperature and momentum profiles in the
slip (first row) and transitional (second row) flow regimes [38].
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Figure 6 (Color online) Comparisons of kinetic model results and
DSMC data [56] for normal shock waves in nitrogen. The squares, cir-
cles, stars, and triangles are the normalized translational temperature in
the x| direction, the translational temperature, the rotational temperature,
and the molecular number density, respectively, all obtained from the
DSMC simulations. The solid and dashed lines are, respectively, the re-
sults of our kinetic model [45] and the Rykov kinetic model eq. (16).
Here Q represents the value of the macroscopic quantity, and subscripts
u and d represent the upstream and downstream values, respectively [45].
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Figure 7 (Color online) The influence of kinetic model and molecular potential on spontaneous RBS spectra [45].
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Figure 11 (Color online) The distribution of pressure (a) and friction
coefficients (b) on the ramp surface [73,74].
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Figure 12 (Color online) Comparison of the GKUA and DSMC simu-
lations of the flow field and surface pressure distribution around cylinder
in rarefied transition regime. (a) Mach number contours with Kn. =
0.01, Ma.. = 1.6; (b) surface pressure distribution with Kn., = 0.01,
Ma., = 1.6; (c) surface pressure distribution with Kne. = 0.1, Ma.. =4.
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Figure 13 (Color online) Reentry flow around the tine bicone, Ma. =
3,Kn. = 1. (a) The tine bicone geometry; (b) density distribution along
the stagnation line [73, 74].
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Figure 14 (Color online) Temperture distribution of the flowfield
around the tine bicone at entry, Ma. = 3,Kn. = 1. (a) The translational
temperature; (b) rotational temperature [73,74].
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tional temperature; (b) rotational temperature [73, 74].
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Computable model on the collision integral of Boltzmann
equation and application to rarefied aerodynamics
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Due to its complexity in dealing with the collisional integral term of the Boltzmann equation and computational costs asso-
ciated with multi-dimensional problems, deterministic methods are still restricted to simple flow such as one-dimensional
linear flow. However, the recently emerged fast spectrum method has achieved breakthroughs in computational efficiency
and accuracy, which can enable simulations for more realistic three-dimensional non-linear flows. In comparison with the
dominant direct simulation Monte Carlo method, the deterministic method has advantages especially in simulating low-
speed flows where statistical variations prevail. Here, we review the development of fast spectrum method and discuss its
applications for practical flow simulations. In particular, extended Boltzmann model is required for polyatomic and dense
gases where the Boltzmann equation may not be valid. We present the applications of extended Boltzmann model for
polyatomic gases in predicting spectra of both spontaneous and coherent Rayleigh-Brillouin Scattering, and in simulating
space vehicle reentries with a broad range of Kn. Finally, we discuss the gas-kinetic unified algorithm (GKUA) of com-
putable model Boltzmann equation and applications to the hypersonic aerodynamics of space reentry covering various flow
regimes.

rarefied gas dynamics, gas Kkinetic theory, discrete velocity method, Boltzmann equation, fast spectrum method, gas-
kinetic unified algorithm
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