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Simulating shock-tube flow with a two-dimensional compact
fourth order lattice model

HU Kainan'*, GENG Shaojuan', ZHANG Hongwu'

(1. Industrial Gas Turbine Laboratory, Institute of Engineering Thermophysics,
Chinese Academy of Sciences, Beijing 100190, China;
2. University of Chinese Academy of Sciences, Beijing 100190, China)

Abstract: In order to improve the stability of the lattice model, a new two-dimensional
compact fourth order lattice model, i. e. , D2Q37A., was constructed based on the Hermite
expansion. The stability of D2Q37A and the one proposed by Philippi (D2Q37B) were com-
pared. Under the same collision frequency, D2Q37A can be applied to the one-dimensional
shock flow with the higher initial density ratio comparing with D2Q37B. That means
D2Q37A was more stable than D2Q37B. An implementation of boundary conditions for high
order lattice models was proposed in details. The implementation maintained the streaming-
collision mechanism ensuring the particle feature of the LBM (lattice Boltmann method).
This new lattice model and implementation of boundary conditions were applied to one-di-
mensional shock tube problem and the result of simulation was consistent with the analytical
solution. The results show the proposed boundary condition scheme is practicable. The pro-

posed boundary scheme can be employed by other type of flow and boundary.
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Table 1 Discrete velocities and weight coefficients

of D2Q37A model

k c; w;

1 (0,0) 0.2331506691

4 Perm(=4r,0) 0.1073060926

4 Perm(=+r, ) 0.05766785935
4 Perm(+£2r, 0) 0.01420821582
8 Perm(=+2r, £1) 5.35304895X10°
4 Perm(=+2r, £2r) 1.011937544 X10*
4 Perm(=£3r, 0) 2.45301029X107°
8 Perm(=+3r, £7) 2.83414236X10""

H.EP r=1.1969797752,

B 1 D2Q37A #iEI KRB K
Fig.1 Vectors of D2Q37A model
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Table 2 Discrete velocities and weight coefficients
of D2Q37B model

k c; w;

1 (0,0) 0.2039169178
4 Perm(=4r,0) 0.1275448435
4 Perm(=£r, =) 0.04375371820
4 Perm(42r, 0) 8.13659044X10 "
8 Perm(=+2r, £7) 9.40079914X10 °
1 Perm(+3r, 0) 6.95051049X 10"
8 Perm(=+3r, £r) 3.04298494X10°°
4 Perm(=+3r, £3») 2.810937623X10°°

E R r=1.1969797752,
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Table B1 Discrete velocities and weight coefficients
of D2Q33 model

k C; w;

1 (0,0) 0.1619865087

4 Perm(=+r,0) 0.1432039662

4 Perm(+r, +r) 0.3388399563

4 Perm(=£2r, 0) 0.05561115600

8 Perm(+2r, +») 0.01281690773
4 Perm(42r, +27) 8.447988507X10°
4 Perm(=+3r, 0) 1.132543765X10°°
8 Perm(=+4r, +4r) 3.455525091X10°°

W .r=1.15877919077,

(3. TR A





