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Fig.1 Maintenance time at different earth orbit altitudes
without propulsion®"
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Fig.2 Schematic diagram of energy input and output for upper
atmosphere vehicles
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Fig.3 Surface thermal load of upper atmosphere vehicles™
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Fig.7 Surrogate assisted MDO framework defined for all-electric GEO satellite design optimization®™
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Research Advances and Thoughts on the Technical Challenges of
Upper Atmosphere Vehicles

Hu Zhancang', Leng Yan', Li Xuefei', Gao Liangjie', Qian Zhansen’
1.AVIC Aerodynamic Research Institute, Shenyang 110034, China
2.Chines Aeronautical Establishment, Beijing 100083, China

Abstract: Upper atmosphere vehicles, operating at altitudes of 100~300 km, have demonstrated significant application
potential in fields such as remote sensing reconnaissance, emergency communications, and space exploration, owing to
their high ground observation accuracy and low communication latency. These advantages have positioned the upper
atmosphere vehicle as a frontier equipment in both commercial spaceflight and national defense security, while
simultaneously triggering global competition for upper atmosphere orbit resources. This paper discusses the core value and
far-reaching significance of developing upper atmosphere vehicles, and reviews the domestic and international research
trends and development status in this field. Faced with the complex and dynamically changing space environment at upper
atmosphere orbit altitudes, the paper adopts an overall design perspective to identify and present four challenges faced by
upper atmosphere vehicles:force system equilibrium, energy balance,thermal/erosion protection, and system coordination. It
also highlights potential solutions and directions for technological breakthroughs. The paper aims to outline research
approaches, accelerate the construction of a comprehensive technical system, and facilitate the transition of upper

atmosphere orbit space from scientific exploration to engineering applications.

Key Words: upper atmosphere vehicles; upper atmosphere airspace; rarefied gas; electric propulsion; gas online
utilization
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