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Fig. 1. Temperature distribution in cavity flow: (a) Kn = 1;
(b) Kn = 0.075; (¢) Kn = 0.01 (GKUA: coloured back-
ground and black solid lines; Coupled: red dashed lines).

Fig. 2. Velocity profiles at the central lines of the cavity:
(a) Kn = 1; (b) Kn = 0.075; (¢) Kn = 0.01.
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Fig. 3. The convergence history between coupled accelera-
tion method and the conventional GKUA.
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Table 1. Convergence comparison between the
conventional GKUA and the coupled acceleration

method.
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Fig. 4. (a) Pressure, (b) temperature, (¢) Mach number dis-
tribution around cylinder for Kn = 0.01 (GKUA: coloured
background and white solid lines; Coupled: red dash lines).
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Fig. 5. (a) Pressure, (b) temperature, (¢) Mach number dis-
tribution around cylinder for Kn = 0.1 (GKUA: coloured
background and white solid lines; Coupled: red dash lines).
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Fig. 6. (a) Pressure, (b) heat flux, and (c) shear stress pro-
file along the wall surface of cylinder.
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Fig. 7. Comparison of the convergence history of superson-

ic flow around the cylinder between the coupled accelera-
tion method and the conventional GKUA.
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Fig. 8. The multi-blocks mesh layout for two side-by-side

cylinders.
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Fig. 9. (a) Pressure, (b) temperature, (¢) Mach number
field for two side-by-side cylinders (GKUA: coloured back-
ground and white solid lines; Coupled: red dash lines).
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Fig. 10. (a) Pressure, (b) heat flux, and (c) shear stress pro-

file along the surface of upper cylinder.
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Fig. 11. Comparison of the convergence history of superson-
ic flow around two side-by-side cylinders between the
coupled acceleration method and the conventional GKUA.
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Abstract

In the simulation of complex multi-scale flows covering various flow regimes, the computational efficiency
of gas kinetic method by which the evolution equation of velocity distribution function is solved directly is the
key to engineering applications. In order to accelerate simulation for steady flows, a gas kinetic algorithm
accelerated by utilizing the macroscopic conservative equations with a digital constitutive relation is developed.
In this algorithm, the contribution of the high-order terms of stress and heat flux in macroscopic conservative
equations is determined by the gas kinetic solution. Meanwhile, the solution of the macroscopic conservative
equations provides the macroscopic quantities for the equilibrium distribution function in the Boltzmann model
equation, where a fully implicit scheme to solve the Boltzmann model equation is developed.

Extensive validations are performed for the cavity flow, the supersonic flow around the cylinder, and the
interactive rarefied flow around two side-by-side cylinders. The results from the above method are in good
agreement with the results from the conventional gas kinetic unified algorithm and the direct simulation Monte
Carlo method. It can be concluded that the nonlinear constitutive relation of rarefied flow can be well captured
by the present method. And the ability of this method to simulate complex flows such as shock wave, strong
wall shear and flow separation is demonstrated. Furthermore, the present method has shown to be much faster
than the conventional gas kinetic unified algorithm, especially for the low-Kn flows. As the value of Kn
increases, the acceleration rate decreases, because the effect of flow convection becomes weak. Meanwhile, more

effort is needed to reduce inner loop iterations to improve its efficiency.

Keywords: gas kinetic unified algorithm, constitutive relation, convergence accelerated method, coupled
method
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