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Fig.1  Young curve fitting to solve for induced velocity
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Table 1 Ranges of optimized variable values
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Fig.4 Compound helicopter performance optimization process
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Table 2 Variable values corresponding to before and after
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optimized variable values in 250~450km/h
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Parameter Optimization Based on Genetic Algorithm for Flight Performance of
High-speed Compound Helicopter with Single Main Rotor

Zeng Yilan', Han Dong', Liu Zhuangzhuang?

1. National Key Laboratory of Helicopter Aeromechanics, Nanjing University of Aeronautics and Astronautics, Nanjing
210016, China

2. China Academy of Aerospace Aerodynamics, Beijing 100074, China

Abstract: The single-rotor helicopter with tail rotor is adversely affected by the aerodynamic characteristics of the rotor,
resulting in its maximum flight speed and other performance being restricted, so the high-speed helicopter has become a
hot spot in research at home and abroad. In order to study the effect of parameter optimization based on genetic
algorithm on the flight performance of high-speed compound helicopter with single main rotor, a propeller aerodynamic
model of negative tension state under hovering and low speed was established by combining blade element momentum
theory and Young curve fitting, and a flight performance optimization model based on genetic algorithm was constructed.
Taking the X3 high-speed helicopter as an example, the hover, low-speed (200km/h) and high-speed (400km/h) were
optimized, and the changes of helicopter power, control strategy and attitude angle were analyzed. Result shows that
the parameter optimization method based on genetic algorithm can improve the flight performance of compound
helicopter at specific speed. The total power of the optimized helicopter at hover, 200km/h and 400km/h was reduced by
16.3%, 10.9% and 19.6% lower than the baseline values respectively. The optimal total helicopter power at high speeds
relies mainly on optimizing the rotor components, which are achieved by significantly reducing the total rotor power. The
trends of optimization parameters and control strategy in the hovering state are opposite to those after 400km/h
optimization, while the trend of rotor parameters after 200km/h optimization is consistent with that of the hovering state,
but the trend of propeller parameters is on the opposite. This paper provides some help for the overall parameters
selection and flight performance optimization of the high-speed helicopter in the future.

Key Words: compound helicopter; propeller; flight performance; genetic algorithm; parameter optimization

Received: 2023-05-18; Revised: 2023-07-16; Accepted: 2023-08-11
Foundation item: National Natural Science Foundation of China (11972181); A Project Funded by the Priority Academic Program

Development of Jiangsu Higher Education Institutions



