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Investigation of Normal Shock Structure by Using Navier-Stokes Equations with
the Second Viscosity

LI Xindong!', ZHAO Yingkuil'l, HU Zongmin[?, JIANG Zonglin!?

( [1)Institute of Applied Physics and Computational Mathematics, Beijing 100094, China )
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Abstract In order to investigate the influence mechanism of the second viscosity on the internal flow of a normal shock
wave, one-dimensional Navier-Stokes equations are numerically solved. The results indicate that the second viscosity has a
smoothing effect on density, heat flow and energy distribution in the shock wave, which results in a decrease of the peak value
of heat and entropy flows, and an increase of shock thickness. Due to the production of normal viscous dissipation, some lost
mechanical energy is converted into internal energy. When considering the second viscosity, the density distribution and
shock thickness are greatly improved, which are in good agreement with the experimental data. In addition, the Knudsen
number is obtained as 0.12 < Kn < 0.4 within the Mach number range from 1.2 to 10. It indicates that the Navier-Stokes
equations with the second viscosity can simulate normal shock structure more accurately.
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Fig.1 Diagram of internal structure of the normal shock wave
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Fig.2 Density distributions for different Mach numbers in the shock: (a) Ma=1.53; (b) Ma=2.0; (¢) Ma=6.1; The lines and symbols represent
respectively the results of theory and experiment. (d) is the numerical result of velocity and temperature distributions in the shock wave when Ma=2.0
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Fig.5 Change of the shock wave thickness with Mach numbers: (a) Density gradient steepening; (b) Thickness function of shock wave decreasing
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