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A Parallel Numerical Simulation Method for the Aerodynamics of Rotor
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Abstract In modern aircraft design, numerical simulation becomes an important way to study the
aerodynamics of aircraft because of its low cost, high efficiency and high flexibility. In the aerodynamic
analysis of rotor unmanned aerial vehicles (UAVSs), due to the interaction between rotor and fuselage, we
have to model the full rotor UAVS, including the rotor and fuselage, to obtain accurate simulation results. In
this kind of simulation, a key step is to effectively model the relative motion between the rotor and fuselage,
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which is a great challenge. In this paper, a highly scalable parallel computing method based on unstructured sliding

meshes for the aerodynamic simulation of rotor UAVs was designed. In the proposed method, an unstructured

moving mesh finite element method was used to discretize the governing equations in space, a fully implicit

second-order backward differentiation formula was adopted for the temporal discretization, and finaly a parallel

Newton-Krylov-Schwarz method was introduced to solve the discritized nonlinear equations. As a case study, we

have tested the algorithm on the Tianhe Il supercomputer for a rotor UAV in the hover state, and obtained some

detailed flow information. Performance results show a nearly linear speedup for up to 4 096 processor cores,

suggesting that our solution lays a good foundation for fast and high-fidelity aecrodynamic simulation of rotor UAVs.

Keywords parallel computational fluid dynamics; unstructured mesh; sliding mesh method; aerodynamic of

the rotor UAVs; domain decomposition method
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Fig.1 The computational domain and aircraft model
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Fig. 2 The red mesh is for the stationary domain and the blue mesh is for the rotated domain



88

£ R B R

2017 4

B3 HEMETEE
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Table 1 Parallel efficiency of the algorithm
1
b L b
N Newton GMRES Time(s) Ideal Speedup Efficiency(%)
256 2.5 100.3 80.5 1 1.0 100
512 2.5 105.1 42.0 2 1.9 95
Mesh elements=4.0X10°
1024 2.5 110.9 234 4 34 85
2048 2.5 118.2 13.6 8 59 73.8
512 2.4 112.3 80.5 1 1.00 100
1024 2.4 118.3 43.2 2 1.86 93
Mesh elements=7.6X10°
2048 2.4 124.8 25.7 4 3.13 78.25
4096 2.4 137.5 16.7 8 4.82 60.25
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