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Hybrid cartesian grid method for compressible viscous flows

SHEN Zhi-wei, ZHAO Ning, HU Ou

(College of Aerospace Engineering,
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Abstract: An adaptive hybrid Cartesian grid (AHCG) method with a finite volume type
Reynolds average Navier-Stokes (RANS) flow solver was developed for simulation of com-
pressible viscous flows. While the near body region was provided with body-fitted structured
grids to resolve the boundary layers, the remaining computational domain was tessellated
with generated Cartesian mesh, and feature-based grid adaptations were carried out for simu-
lating the flowfield more accurately. By using the alternating digital tree (ADT) algorithm,
the costed turnaround time of chimera type hole-cutting and identification of donor cells could
be decreased very efficiently, 0. 062s was costed, up to only 1/1847th of the normal traversal
approach when the grid number reached 500000. Through simulations of flow past 2-D cylin-
der and 2-element airfoil, it is concluded that steady AHCG method can predict surface pres-
sure distribution, lift and drag coefficients successfully and has the ability of solving complex
configurations. The simulation of unsteady flow past 2-D cylinder and the capture of 3-D
wing tip vortex past a NACAOO015 rectangular wing demonstrate that unsteady AHCG meth-
od with dynamic adaptive mesh refinement (AMR) is especially suited for vortex-dominated

flows.
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Table 1 Time cost ofgenerating hybrid Cartesian grid
with fixed N,

AS/cm? N N, T/s N
0. 100 3044 4 5.155 57378
0. 050 11964 4 6. 394 56692
0. 025 47616 4 5. 946 56090
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Table 2 Time cost of generating hybrid Cartesian grid

with changed N,

AS/cm? Nyur N, T/s Neai

0. 100 3044 4 5. 155 57378
0. 050 11964 ) 23.956 171792
0.025 47616 6 138. 810 591268
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Table 5 Aerodynamic character of NLR7301 airfoil

M 5 T G o

T AEN  2.384  0.0368
fift 3 i 2.394  0.0315
T A& 2.385  0.0353

fift H 3E 2.396 0.0285

Grid 1
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Grid 2
MR M 4 200 X150

Grid 3 JofE G 2.427  0.0306
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Table 6 Results of flow around a circular cylinder

E2i4 fift L 35 TG fif B 3 L jcﬁ[,zg]
S, 0.195 0. 166 0. 190
G +0.417 +0. 448
Cq 1.331+0.040  1.186=0. 039 1. 30
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