5539 % 5F 10 3 M= NFH Vol.39  No. 10
2024 4 10 H Journal of Aerospace Power Oct. 2024

X E %S 1000-8055(2024) 10-20220819-12 doi: 10.13224/j.cnki.jasp.20220819

EANEERRFSRMNLZITTIE

BRI, FEE, KTE BAR, §EH°
(1. LR T B A 1245 e, i 2000725
2. WEZESRS RS R R AR A S PR, DI 4R FH 621000
3. EPIRHE R 25 KEFF2BE, KT 410073)

i B ST G0 ) ik L e i B e 3 B AR AL T I RORAR TR, L R TR LR E S £
T oL PR AL TR 3K, &% BT AL 38 3 AV R 5 B £ A 2 B AR LA BT PR, # G = A0 i IRD S O vk R 2 R A%
Tk, KT — R T BT PLIE 3 BN BAE | AT WAL & 2 Mg RS 2 E £ B AR ik,
1, Navier-Stokes 75 & Al H 41 75 8 (1 5K A 257 5% F ) 181535 J5 v 1547 49 300 1] 300 () 28 180, [ b 38 2R FH JUART 22 50 1Y)
M n s W 8, DLAR 3RO AT AR . SR ok BB L 7Y i 3 38 A NACAO0012 5 OA209 43 il T Jie B 4% | Al R AL
HERENEF RS EEH M. HREW. ZHESHEAIMIEMAETT R REARERGE, AT
PR T ML E B A B A5 . HLEh AR R s SRS N BN £ 5 2 H AR AR BT A BT A G A XU ) 3
B BE DAL BT vk, Bt [ S B A B O A T vk A A% B v SRR AR T S AR S AR L b

x BRI BEE; EA MRt IRk ARk

FESEES: V2113 XHERERD: A

Efficient optimization design method of helicopter rotor airfoil
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Abstract: The adjoint-based design optimization method of rotor airfoil is inefficient in combination
with a dual time stepping method, making it difficult to meet the optimization requirements of multi-point
and multi-objective optimization in engineering. Considering the problem of unsteady optimization design
of rotor airfoil, coupled with efficient time spectral method and multigrid method, a multi-point and multi-
objective optimization design method suitable for multiple motion states of helicopter, such as hovering,
forward flight and maneuvering, was developed. The Navier-Stokes equation and adjoint equation were
solved by using the time spectral method to discretize the physical time term. In addition, the multigrid
method was used to improve the optimization efficiency. The rotor airfoil NACA0012 and OA209 were
selected to carry out multi-point, multi-objective steady and unsteady optimizations. The results showed

that the static and dynamic aerodynamic shape optimization design methods had high accuracy, and can
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realize the multi-point and multi-objective optimization design of rotor airfoils under complex motion

states; compared with dual time stepping and adjoint-based design optimization method, the time spectral

and adjoint-based design optimization method can improve the calculation efficiency of airfoil

optimization by more than 5 times.

Keywords: rotor; airfoil; optimization design; adjoint method; time spectral method
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