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PARALLEL IMPROVEMENT IN STRUCTURED CHIMERA GRID ASSEMBLY FOR PC CLUSTER

Eugene Kim, Jang Hyuk Kwon

Parallel implementation and performance assessment of the grid assembly in a structured chimera grid approach is
studied. The grid assembly process, involving hole cutting and searching donor, is parallelized on the PC cluster. A
message passing programming model based on the MPI library is implemented using the single program multiple
data(SPMD) paradigm. The coarse-grained communication is optimized with the minimized memory allocation because
that the parallel grid assembly can access the decomposed geometry data in other processors by only message passing in
the distributed memory system such as a PC cluster. The grid assembly workload is based on the static load balancing
tied to flow solver. A goal of this work is a development of parallelized grid assembly that is suited for handling

multiple moving body problems with large grid size.
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Fig. 1 Global block numbering and body indexing
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Communication facets and min/max of bodies

- Generate Hole-Map and Hole-cutting
- identification of INTP

INTPs are grouped by Send RANK
Send to Send nodes (itag, Take RANK, INTPs(x,y,7))

Fig. 4 Jumping through contiguous boundary

r Search Donor polnts ]

INTPs = finding Dono|

Yes
Donor points are grouped by Take RANK
Arragne Donors of each group in numerical order(itag)
Return to Take nodes (itag, Send RANK)

- Putin Send RANK data In itag position
- INTPs are grouped again by Send RANK
- Arrange INTPs of each group in numerical order(itag)

Fig. 7 Algorithm for parallel grid assembly

Fig. 5 Jumping to nearest points on solid boundary

node 2 node 3 node 4
ttags of INTPs (node 1) 1234667 [89101112 [1314151617

ttags of Donors (node 2)| 111382 §

1. Retrun to node 1 (itags, Send RANK)
2. Grouped again by Send RANK and rearrange

node 2 node 3 node 4
IhgsoﬂNTPs(nodeﬂl 2581113 r [ .........

tags of Donors (node 2} 258 1113 Fig. 8 Chimera grid in symmetric section

Fig. 6 Coupling of INTS and Donors

Table. 1 Performance of Chimera assembly : average time
(Hole-map communication)

Node Totat time Hole cutting Oonor-Searching
Wall time | CPU time [Wali time | Comm.time [Wall time | Comm.time
1 4.352 | 4.331 . 2.528 -
4 5.829 1.801 1.900 0.202
7 6.883 1.859 0.379
14 | 7.072 1.866 0.449
24 | 7.229 1.832 0.504
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Talbe. 2 Performance of Chimera assembly : average time
(Hole-map computing)

Node Total time Hole cutting Donor-Sear ching
Wall time [ CPU time | Wall time | Comm.time |Wall time [ Comm.time

1 4,372 2.551 -

4 3.624 1.948 0.203

7 3.594 1.980 0.374

14 3.327 1.866 0.443

24 | 3.175 1.833 0.585
14

~—eo—— total wall time ratio
~——6—— total CPU time ratio
——&—— comm. time in cutting

0,: ———8—— comm. time in searching
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Fig. 9 Performance of Chimera assembly
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Fig. 10 Two NACA 0012 airfoil grid (multi block and Chimera)
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Fig. 11 Convergence History and Pressure Coefficient
Distribution (Two NACA0012 airfoil)
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Fig. 12 Chimera rid and Pressure contours
(ONERA M6 wing + store)
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Fig. 13 Pressure coefficient distributions, Onera M6 + Store
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Fig. 14 Pressure coefficient distributions, Onera M6 wing



