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Abstract

Motivated by recent developments in distributed propulsion electric vehicles, an effort is made in
the present study to numerically investigate the upper bound of hover endurance achievable by electric
quasi-quadrotors at various mass scales in the range of 10™ kg to 10* kg total vehicle mass.

A feasible rotor propulsion pod design space is determined considering physics-based
conceptual design constraints defined by blade tip Mach number and Reynolds number to ensure effective
and energy-efficient generation of lift.

A conceptual level scaling optimization for two-bladed rotor quasi-quadrotors was carried out at
constant blade tip speed. A momentum theory model, a blade element theory model, and a blade element
momentum theory model, respectively, were used to calculate the hover endurance for an electric
propulsor pod, defined as a vertically stacked configuration of a fixed pitch solid blade carbon fiber rotor,
driven by a state of the art permanent magnet motor, and powered by a state of the art Li-ion battery.
Results obtained show that on the one hand individual propulsor pods which are too small cannot be
optimal in hover, as the low Reynolds number has adverse effects on aerodynamics. On the other hand,
pods that are too large cannot be optimal in hover as the blade mass penalty increases. It is consequently
found that an optimal propulsor pod size exists, for which the hover endurance is optimal. Hence, results
show that modular, endurance optimal design is achievable for larger vehicles using multiple optimal
pods while preserving the optimal endurance.
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