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Abstract: An internal penalty discontinuous Galerkin (IPDG) method was developed to
solve the 2-D  (two-dimensional) compressible Navier-Stokes equations together with chimera
grid technique. The viscous flux was introduced as an auxiliary variable to reduce the equation or-
der. The semi-discrete equation was solved with the discontinuous Galerkin method, and time
marching was carried out with the implicit Newton-Krylov method. The accuracy of above meth-
ods was validated with the Couette flow in comparison of the exact solution. In addition, several
test cases including viscous NACAOQO012 airfoil, steady and unsteady flow around a circular cylin-
der were simulated to verify the robustness and feasibility of the present methods. Eventually,
the h-grid adaptive technique was also adopted in chimera grid to improve the resolution of shock
wave. The inviscid transonic flow case over NACAO0012 airfoil was also simulated. Result
showed that, the number of cells after adaptation only increased by 8.4% compared with that

without adaptation, but the shock resolution was significantly improved, and the calculated re-
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sults near the shock were in better agreement with the experimental values, thereby verifying the

effectiveness of the method.

Key words: two-dimensional compressible Navier-Stokes equations; chimera grid;

discontinuous Galerkin method ; interior penalty method ;

h-grid adaptive technique
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Table 1 Numerical accuracy test of Couette flow
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Table 2 Drag coefficient and recirculation length of

different schemes

. J%%Eﬂjj P%%%Eﬁjj ‘Eirﬁﬂ‘jj I 4 X
FH R R KE
IPDG(2)  1.020  0.5207  1.5407  2.31
IPDG(3)  1.021  0.5270  1.5480  2.16
IPDG(4)  1.021  0.5273  1.5483  2.11
Ref.[33]  1.038  0.5304  1.5684  2.10
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Table 3 Time-averaged drag coefficient, peak to peak
drag coefficient, peak to peak lift coefficient

and Strouhal number of different schemes
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Tk WM VRE R PR
IPDG(2) 1.324  0.05077 1. 075 0.182
IPDG(3) 1.349 0.054 16 1. 050 0.184
IPDG(4) 1.351  0.053 56 1. 050 0.183
Ref. [33] 1.349 0.0521 1. 049 0.183
Ref. [34] 1.34 0.05228 1.0406 0.183
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Table 4 Drag coefficients of different schemes

B fe Iy FHJ1 F 5 C,
IPDG(2) 0. 045 36
IPDG(3) 0.052 83
IPDG(4) 0.054 25
Ref. [19] 0.05511
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