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Table 1 Constant coefficients of nitrogen (N,) in calculation *
wo/( Pass) T,/K T,/K T /K T, /K 7z C,/( Pass) C,/K n
16.56 x 10 ~¢ 273.16 104.7 81.0 3395 17.8 7.12x10°*  1.91 x10° 5
TVD  RangeKutta K-CUSP
83 01 x 01 1 000 x 1 000
0.14 m 1
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Fig.2 Distributions of field pressure ( a) before shock-wave focus; ('b) at shock-wave focus; ( ¢) after shock-wave focus
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t=1.744 x10* s 2(b) /
9.0 MPa( ) 90
( p, 1 aim) Vv 1.0 MPa( )
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(a) t=1.382x10""s; (b) 1=1.744x107*s; (¢) 1=2.577x107* s

Fig.3 Shock-wave schlieren graphs at different moment (a) ¢=1.382x10"*s; (b) 1=1.744x107*s; (¢) 1=2.577x107* s
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ta =0 Stokes ( )ia=a, =(y-1)pr/u
( )5 o=, =pr/(2u) « ) a={/u
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2
Table 2 Peak values at gasdynamic focus in three theoretical models of bulk viscosity
a P /MPa Than /K P/ (kgem ™)
0 19. 42 1771 38.83
o ( 7) 16.02 ( —17.5%) 1922 ( +8.5%) 29.33 ( -24.5%)
Ao ( 1) 14.86 ( -23.5%) 2005 ( +13.2%) 26.05 ( -32.9%)
4( a) o (0 < oy < Qton) a=0
Poae 19.42 MPa;, «a =, a = a,, P 16.02 MPa  14. 86 MPa
17.5% 23.5%.

4(b) « a=0
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4

Fig.4 Variation of physical quantities with time at shock-wave focus in three bulk viscosity models

i T . 1771 K. 1992 K. 2 005 K
8.5% 13.2%.
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a =0 o a, . 38.83 kgem .
29.33 kgem *.26.05 kg*m’ 24.5% « 32.9%.
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Fig.5 Variation of physical quantities with time at shock-wave focus in rotational and vibrational modes
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Fig.6  Two viscosity coefficients at shock-wave focus in rotational and vibrational modes:

Left axis—shear viscosity coefficient u; Right axis—the ratio of viscosity coefficients «
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Numerical Investigation of Bulk Viscosity Effect on Two-dimensional
Toroidal Shock Wave Focusing

LI Xindong' ZHAO Yingkui' OUYANG Biyao' HU Zongmin® JIANG Zonglin®
(1. Institute of Applied Physics and Computational Mathematics Beijing 100094  China;
2. Institute of Mechanics Chinese Academy of Sciences Beijing 100190 China)

Abstract:  With kinetic and continuum theories of bulk viscosity coefficient bulk-viscosity effect on two-dimensional toroidal shock—

wave focus ( Mach number Ma =2.0) is studied numerically. It shows that bulk—viscosity effect on toroidal shock-wave focusing is not

negligible for perfect gases. Due to bulk viscous effect in compressible flows pressure temperature and density at the central focus

perform 20% reduction 10% increase and 30% reduction respectively. Compared with rotational mode shock wave focusing present

obvious bulk-viscosity effect in vibrational mode since bulk viscous stress has same order of magnitude with thermodynamic pressure.

Key words: compressible flow; thermally perfect gas; bulk viscosity effect; shock-wave focus
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