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Research Objective
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The method is based on theories of rotorcraft and fixed-wing aircraft that are 

modified to be used for the eVTOL aircraft.

It is expected that this tool may be used for design and operation of eVTOL aircrafts.

Fig. Turboprop propulsion Fig. Electric propulsion

Objectives

V to investigate flight performance of representative eVTOL aircrafts, which

including hovering, climb and descent, and forward flights,

V to provide technical information for aircraft design and operational feasibility.



Research Approach
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Aircraft data collection

Å Data published by aircraft maker

Å Data read from published graph

Å New, articles, web resource and so on

Parameter determination

Å Database of existing aircraft

Å Statistical and empirical formula

Å overall consistency with published data

Performance evaluation

Å fixed-wing and helicopter engineering theory

Å Constraints of shape, performance

Å Satisfaction of published specifications

Å Information of eVTOL aircraft are very limited. 

Å A synthesis of rotary blade theory was developed to estimate flight performance 

using statistical data, empirical rules, aircraft engineering theory.

ÅCalculations were adjusted for overall consistency.

Results
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Characteristics of eVTOL Aircraft
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Table. eVTOL aircraft investigated in this studyMulticopter type :

Åcoupled rotors, no wing

Åflight speed direction are controlled by

changing the angle of the rotor axis of

rotation

Vectored thrust type :

Åcoupled tilt-rotors, wing

Åtransit lift in vertical flight and thrust in

forward flight by changing the axis of

rotation of the rotor.

Lift & cruise type :

Åcoupled fixed-rotors and wing

Ågenerates lift on the fixed rotor

Ågenerates thrust in forward direction by

the propeller

Ågenerates lift on the wing during cruise



Flight Mission
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Takeoff and vertical flight

Climb and forward flight

Cruise at specified altitude

Descent and forward flight

Vertical descent and landing

Hovering

Main mission flight profile

Like conventional helicopter, the flight profile of

eVTOL aircraft may be divided into several phases.

Mission Includes altitude, flight time, range, speed.

ÅTake-off : Climb vertically at hover power(no

horizontal movement)

ÅClimb : Climb to cruise altitude

ÅCruise : Flight phase that occurs when the aircraft

levels after a climb to a cruise altitude and before

it begins to descend

ÅDescent : Aircraft begins approach to final landing.

Has both horizontal and vertical component

ÅLanding : Vertical landing at hover

power (no horizontal movement)

ÅHovering : Stay in the air by rotor
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Thrust generated by propeller is calculated by momentum equation
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Then, induced velocity may be solved 
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Synthesis of Propeller and Rotor Theories: Fixed-Wing Aircraft

propeller disc



8

ὠ

ὠ

ὠ
ὠ

‌

ὺ

‘
ὠ

ɱὙ

ὠÃÏÓ‌

ɱὙ

Tip speed ratio Inflow ratio

‗
ὠ

ɱὙ

ὺ

ɱὙ
‘ ‗

Induced velocity at forward flight

ὺ
ὺ

ὠ ὠ ὺ

ὺ

Ὗ

ὺ
Ὕ

ς”“Ὑ

Induced velocity at hovering

Substitute into the equation for the inflow ratio ‗is

and ‗
ὅ

ς

‗ ‘
ὅ

ς ‘ ‗
Solved by iteration

Break velocity into normal  (ὲ) and tangential (†) components. 

rotating disk

Synthesis of Propeller and Rotor Theories: Helicopter



Flight Performance Estimation Using the Synthesis Theory
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Relation of thrust coefficient and lift coeff. ὅ
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Solve a set of equations including 

ÅForce balance equation

ÅMomentum equation

ÅBlade element theory

Flight Mission

Angle of attack

Induced velocity, rotating speed of blade

Aerodynamic forces of the fixed wing:

Lift, drag, pitching moment

Thrust of rotor or propeller

Results

Å Induced velocity, rotating speed,

ÅBlade lift coeff., pitching angle,

ÅMotor torque, power

ÅRange, endurance

Specification: range, weight, motor power

Dimension: fuselage, wing, rotor, propeller

Specification and constraints

satisfied

Modify

parameters



Validation : Performance Estimation of UH-60A (Black Hwak)
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¸ Flight test
Estimation

¸ Flight test
Estimation

main rotor tail rotor
Main rotor Tail rotor

airfoil
SC1095/

SC1094
SC1095

radius [m] 8.18 1.68

chord length [m] 0.527 0.250

number of blades 4 4

rotating speed at 

hovering [rpm]
258 1190

ÅThe method is validated by the flight

test data of UH-60A helicopter.

ÅThe predicted power coefficients of

the main and tail rotors are

compared and agreed well with the

flight data.



Investigation of Flight Performance of eVTOLAirplanes
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11 eVTOL airplanes were investigated, 3 of them were typically picked up,

based on the data available in the middle of 2022. Red data are estimated.



DiscLoadingandWeight-to-Power Ratio
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5

Ὕ

ὖ
ͯρ

Ὕ

ς”ὃ Multicopter type

Å Large disc area

Å Low disc loading

Vectored thrust type

Å All aircrafts has similar

performance, except Lilium Jet

Lift & cruise type

Å High efficiency

Å Rotor for hovering

Å Propeller for wing-borne flight

Multicopter

Vectored thrust

Lift & cruise

Characteristics

Generally, it is recommended that the 

weight-to-power ratio

Å be larger than 5 kg/kW at hovering

Å be larger than 20 kg/kW at cruising 



Overall Performance
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Fig. Cruising rate

Multicopter

Vectored Thrust

Lift & CruiseÅ Lift & Cruise type has the best performance at cruising.

Å #7, Lilium Jet has bad performance, especially at hovering.
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Fig. Power at hovering flight
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Fig. Power at cruising flight

Cruising rate ὶ Ὑ ȾὉ Multicopter < Vectored Thrust < Lift & Cruise

Where, Ὑ : range,  Ὁ : consumed energy

(based on the data available in the middle of 2022)



Results and Discussions: Hovering
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Profile power

Induced power

Fig. Power breakdown at hovering

ÅPower is increased as the weight at hovering.

ÅPower-to-weight ratio is increased with disk

loading.
ὖ
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A large rotating area results in a

lower disk loading, thus a benefit

of power-to-weight ratio.

Example 1 Example 2 Example 3


