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Fig. 1 Schematic diagram of a distributed hybrid electric

propulsion aircraft
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Fig. 2 Architecture of a distributed hybrid electric propulsion system based on green energy
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Power flow in the architecture of a distributed hybrid electric propulsion system based on green energy
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Performance analysis of distributed hybrid electric
propulsion systems based on green energy sources

TAO Zhi"?, YU Mingxing', LI Haiwang', XIE Gang’, LI Yanan’

(1. Research Institute of Aero—Engine, Beihang University, Beijing 102206, China;

2. School of Energy and Power Engineering, Beihang University, Beijing 102206, China;
3. Flying College, Beihang University, Beijing 102206, China)

Abstract: Electric propulsion aircraft utilizing clean energy sources are regarded as a vital means for the

aviation industry to achieve carbon neutrality. This study combines theoretical analysis and numerical computa-

tions to investigate the performance of distributed hybrid electric propulsion systems based on green energy sourc-

es. The primary focus lies in assessing the influence of lithium—ion batteries and solid oxide fuel cells (SOFCs)

on aircraft range and payload capacity. This research establishes a comprehensive architecture for a hybrid elec-

tric propulsion system, integrating various forms of energy sources. Through energy flow analysis, power transmis-

sion models are developed, leading to the derivation of holistic equations that consider component characteris-

tics, energy split factor, and aerodynamic parameters of the electric propulsion system, addressing both aircraft

range and payload capacity. The study reveals that lithium—ion batteries have a substantial impact on aircraft

range, especially when their energy split factors and energy density exceed certain thresholds. Increasing the en-

ergy split factor of lithium—ion batteries beyond these thresholds positively contributes to enhanced aircraft range.

Furthermore, an increase in the energy split factor and efficiency of SOFCs also leads to extended aircraft range ,

particularly in high—value regions. In terms of payload capacity, the parameters of lithium—ion batteries and SOF-

Cs significantly influence both the zero—fuel mass (M,;) and effective payload, with the most notable improve-

ments observed in high—energy density, high—efficiency, and high— energy split factor scenarios. Parameter sen-

sitivity analysis underscores the significance of factors such as lift—to—drag ratio, boundary layer ingestion (BLI)

fan efficiency, state of charge («_, ) of lithium—ion batteries, and state of health (a_, ) of hydrogen fuel cells in

soc

impacting aircraft range. It's worth noting that «

soc

and o, sensitivity analyses, which have received comparative-

ly less attention in previous studies, underscore the importance of precise and reliable state estimation for opti-

mizing aircraft range and payload performance.

Key words: Green energy; Hybrid electric propulsion; Distributed electric propulsion; Boundary layer

ingestion fan; Energy split
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