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PHengLLEI. A Large Scale Parallel CFD Framework for Arbitrary Grids

ZHAO Zhong ZHANG Lai-Ping HE Lei HE Xian-Yao GUO Yong-Heng XU Qing-Xin
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Abstract  With the development and maturity of Computational Fluid Dynamics (CFD) computa-
tional methods, from simple Euler solver to RANS, RANS/LES, LES, DNS models, the
demand for the amount of calculation is becoming more and more. The development of CFD
heavily relies on the High Performance Computer (HPC) since the last several decades. Although
several HPC systems have been built to meet the demand of science research, such as SUMMIT
in USA and Sunway Taihulight, TianHe-2 in China, the existing CFD codes are difficult to
adapt the HPC hardware architectures on a unified framework. The most key factor is the existing
software is based on only structured or unstructured computational mesh and using completely
different parallel computational architecture. In addition, each physical solver developer is
required to possess parallel programming ability, rather than isolating the parallel to the bottom
layers, which would result in substantial coding difficulty. To overcome this pain point, a parallel

CFD computational framework, named PHengLEI, for arbitrary grids has been designed to meet
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the requirement of the large-scale parallel flow simulations. Structured grid, unstructured grid
and overset grid are all integrated into this framework. In order to ensure the grid independence
and to isolate the parallel data communication operation from the physics applications, a unified
communication model and a ‘three-in-one’ data communication pattern based on grid zone are
developed. The neighboring information of multi-block structured grid zones, the interface
information of parallel domain-partition zones, the ¢ hole-cutting’ assembling relations of
overlapping zones, the interface information of structured/unstructured grids are all abstracted as
an data-mapping relationship model in the base level of database, and then the data communication
between different types of zones can be handled in a unified way, which is independent with the
grid types and the data types. In addition, according to the characteristics of parallel environment
of current supercomputer systems, such as ‘ TianHe-2’, an MPI/OpenMP hybrid parallel
computing method is developed in a ‘coarser-grained’” way, which means that the MPI model
runs between partitioned zones (regions), and the OpenMP model runs between sub-zones in
each partitioned zone (region). Furthermore, both the parallel domain partition method of
structured and unstructured grids, the parallel preprocess of very large-scale grids (such as the
computation of cell-to-wall distance) and large scale parallel file storage model are introduced in
this paper. Optimization technologies of computational efficiency, including serial array memory
access and parallel zones’ data packing between different computer nodes, are introduced also.
Tests indicate that after optimization, both the serial array access time and the number of MPI
communication are drastically reduced. Finally, three engineering application cases, including
TrapWing and JSM geometries from AIAA high lift prediction workshop and wing-body configure
of CHN-T1, with structured grid, unstructured grid and overset grid are tested respectively. The
numerical results demonstrate the flexibility of the parallel CFD framework. On a hybrid grid
with 3. 32 billion cells, the parallel efficiency is higher than 95% for 0.1 million CPU processors
on Tianhe-2 (based on 3072 processors) and more than 83% for 0. 16 million CPU processors on
CARDC in-house computer system (based on 2048 processors). Most importantly, parallel data
communication used by the above three cases are exactly the same method and even the codes,
which reveals that the current parallel architecture is adapt to arbitrary grid types.

Keywords parallel computation; MPI/OpenMP hybrid parallel computing; parallel CFD
framework; PHenglLEI; PHenglLEI software; HyperFLOW
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Background

This paper focuses on large scale parallel CFD software
development, which is a typical and very important High
Performance Computing ( HPC) application. This work is
supported partially by the National Key Research &. Develop-
ment Program of China (2016 YFB020071) and the National
Natural Science Foundation of China (Grant Nos. 11532016,
91530325). The aims of these programs are to develop a

CFD-based software platform for aerodynamic performance

simulations, multi-discipline optimization design, and virtual
flight of realistic aero-vehicles. In this work, a domestic
large scale parallel CFD computational framework faced to
next generation, named PHenglLEI, for arbitrary grids has
been designed. PHengL.EI is the first CFD code in the CFD
community that supports not only single structured and

unstructured flow solver but also coupling computation of

these two kinds of solvers simultaneously.





