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Figure 1 (Color online) Adaptive Cartesian grid generation process
(a) Process chart. (b) DLR-F6 example.
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Figure 2 (Color online) The time proportion of each step in the
adaptive Cartesian grid generation process (DLR-F6 model).
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Figure 3 (Color online) Comparison of processes before (a) and after
(b) optimization for adaptive Cartesian grid generation.
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Figure 4 (Color online) Illustration of KD tree.

FUNC KDTree(BoxList, depth, PreNode)

Split « depth mod 3

Range < [min(BoxList),max(BoxList)]

Node.data + FindMedian(BoxList,Split)

Parent < PreNode

Left + KDTree(Boxes in BoxList before median,depth+1,Node)
Right <— KDTree(Boxes in BoxList after median,depth+1,Node)
return Node

Bl 5 KD# @i

Figure 5 The process of KD tree construction.
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FUNC RangeSearch(K, L, Node)
index < Node.index
newh < GetDistance(cell,index)

if newh < L then
| L < newh K « index

end

if newh < H then
| cell flag < IntersectJudge(cell,index)

end
if ZATY &R AtF £ then
cellBox « [cell.midpoint-L,cell. midpoint+L]

if Left.Range 5 cellBox# & 4 then
| RangeSearch(K, L, LeftNode)

end

if Right.Range 5 cellBox# £ 4~ then
| RangeSearch(K, L, RightNode)

end

end
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Figure 6 Process of the optimization algorithm for intersection
detection and wall distance calculation.
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FUNC PointSearch(direction, Node)
index < Node.index
01,02 « cell.midpoint 1§ 77 [ 425
if 02 € NodeBox then
LinearIntersectTriangleTest(cell.midpoint,O1,index)
if ZBMP ERFH LR F T then

| return //FEHHEFEJ7 )
end
if & FiTi% =A% T then

| count++
end
end
if 4 AT & A A tF £ 7T then

if O2 € Left.Range then
| PointSearch(direction, LeftNode)

end

if O2 € Right.Range then
| PointSearch(direction, RightNode)

end

end

B 7 AN SR
Figure 7 Process of the optimization algorithm for determining
interior and exterior cells.

Q()l
o 1 @
1 1 |
] 1 ]
1 1 | |
| 1 | : |
v " ,_-_('
1 [ { |
B 'J
| : 1
)
L r
o
1
FIT 1 < y

Bl 8 (WM& B ER

Figure 8 (Color online) Illustration of projection.
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Table 1 Comparison of total mesh generation times before and after optimization (CPU time/s)
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Figure 9 (Color online) Adaptive meshes of simple geometries. (a)
Cube. (b) Sphere.
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Figure 10 (Color online) Adaptive mesh of ONERA-M6 model. (a)
Side view. (b) Cross-section.
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Figure 11 (Color online) Adaptive mesh of SU-27 model. (a) Surface mesh. (b) Cross-section. (c) Parallel partitioning situation.
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Table 2 Comparison of intersection detection and wall distance
calculation before and after optimization (CPU time/s)
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Table 4 Time for mesh type judgment and wall distance calculation
after optimization for SU-27 model (CPU time/s)
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Table 3 Comparison of interior and exterior cells judgment time
before and after optimization (CPU time/s)
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Figure 12 (Color online) Time proportion of each part under different
geometric AMR times (SU-27 model).
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The efficiency and quality of computational mesh generation directly determine the quality of numerical simulation
results. The Cartesian mesh has received widespread attention due to its good adaptability, high degree of automation,
and strong ability to handle complex shapes. However, for complex shapes, the extremely large mesh volume makes it
difficult to achieve satisfactory mesh generation efficiency. Therefore, it is necessary to develop 3D Cartesian mesh
parallel generation technology that is versatile, efficient, and highly scalable. In this paper, a 3D Cartesian mesh parallel
generation optimization method is proposed based on the KD tree (K-Dimensional Tree). First, based on the geometric
information of complex shapes in 3D flow problems, a set of surface triangles is used as input to generate a bounding box
enclosing the shape, which is then used to construct the KD tree. Second, an accelerated optimization algorithm for wall
distance calculation and intersecting cell judgment is developed based on the constructed KD tree, along with an
algorithm that accelerates the classification of inner and outer cells by performing a lookup on the projected points in the
KD tree. Finally, the effectiveness of the adaptive Cartesian mesh parallel generation algorithm proposed in this paper is
verified by using models of a sphere, cube, M6 wing, and Su-27 aircraft. The numerical results show that the
optimization method for intersection judgment and wall distance calculation proposed in this paper can improve
efficiency by two orders of magnitude compared to the traditional method, while the efficiency of inner and outer cell
classification can be improved by three orders of magnitude. This fully demonstrates that the proposed optimization
method can generate adaptive Cartesian meshes required for flow field calculations in a fast, robust, and automatic
manner.

Cartesian grids, AMR, parallel generation, KD tree, complex geometry
PACS: 47.11.-j, 47.85.Gj, 87.55.de
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