
Reference Rotor

ÅRadius Ὑ ρȢωχÍ

ÅSolidity „ πȢπψ

ÅRectangularblade

ÅAirfoil: NACA 23012

Blade Pitch Angle Distribution

ÅLinear distribution between pitch 
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Vehicle Configuration
ÅElectrically driven rpm-controlled thrust

- 4 main rotors - MR

- 2 pusher rotors - PR

ÅHybrid-electrical power train

ÅTandem seating: 1 Pilot + 1 EP

Å Initial design mass: ρÔ

Control Modes
ÅVFM - Vertical Flight Mode

- Hover to slow forward flight regime

- Vehicle control only by MR

- PRinactive

ÅHFM - Horizontal Flight Mode

- Intermediate to high-speed cruise regime

- MR for vertical thrust, roll and pitch 
control

- PRfor forward thrust and yaw 
compensation

HorizonUAM

TheMedicalPersonnelDeploymentVehicle(MPDV)is a multirotor UAMconcept,initially

developedwithin the scopeof the DLRproject URBAN-Rescuefor fast air transportof an

EmergencyPhysician(EP)to the dispatchedarea in the courseof first line emergency

services. Thedetermineddesignmissionimposestwo challengeson the rpm-controlled

mainrotors: first, to deliveranefficient hoverperformance; second,to preventthe blade

stallat the advancingrotor sidein cruise. Anoptimalbladepitch angledistributionplaysa

keyrole in achievingthesechallenges. Thisstudyinvestigatesthe impactof the bladepitch

angledistribution on the MPDVmainrotor performance. Fivebladevariantsareselected

uponvaryingthe localbladepitch anglesfor hoverandhigh-speedcruise,takenasdesign

points.Theselectedbladevariantsarethencomparedinawiderflight speedrange.
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An Initial Investigation on RPM-Controlled Rotor Performance Characteristics for a UAM 
Multirotor Concept Vehicle by Varying Blade Pitch Angle Distribution

Inhovercase(DP1),abroadrangeof root-tip pitchanglecombinationscanbechosenwith

minimalincreaseon the rotor powerwith respectto the optimum(i.e. B1, highbladetwist

andcollective). Forthe high-speedcruiseflight case(DP2), this rangepresentsa relatively

smallerareaconcentratedaboutthe optimumpoint (i.e. B5, low bladetwist andcollective).

Moreover,B5 showsthat bladesoptimizedfor high-speedcruisealsoexhibit acceptable

performancecharacteristicsin hover with a reasonablecompromiseon the rotational

frequencyandthereforeontherotor power,hencerepresentingthemostbeneficialoption.
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2. The Medical Personnel Deployment Vehicle1. Introduction

4. Design Point Performance

6. Conclusions 7. Outlook

ÅFurther investigation on the blade geometry to improve the rotor performance 

characteristics and to reduce the rotor static and dynamic hub loads:

- Variable chord distribution,

- Non-linear pitch angle distribution,

- Use of sophisticated airfoils more suitable for rpm-controlled rotors

ÅStudy of the rotor transient response to evaluate power requirements for rotor control

ÅSizing of the concept MPDV with the optimized rotors

Main Rotor �sMR

Pusher Rotor �sPR

ÅρυπËÍmission range + σπËÍreserve

Å2 mission deployments with 3 segments

ÅφπÓhover out of ground effect (HOGE)

ÅVFM at hover, HFM at cruise

ÅCruising altitude: υππÍ(ρφτπÆÔ)

ÅCruising speed: ρυπËÍȾÈ( ψͯρËÔÓ)

Design MissionNumerical Analysis Setup

ÅBlade element momentum theory

ÅPitt-Peters inflow model

ÅInduced power loss factor ‖ ρȢρ

ÅRigid rotor (no blade elasticity)

Design Points

ÅDP 1: HOGE @ VFM

- ὠ πËÍȾÈ

- ” ” ρȢςςυËÇȾÍ (MSL)

ÅDP 2: Cruise @ HFM

- ὠ ρυπϳËÍÈ τρȢφÍȾÓ

- ”Ⱦ” πȢωυσ(Ὄ υππÍ)

5. Off-Design Performance

Conditions

ÅCruise @ HFM, Ὄ υππÍ

Åὠ -sweep from πto ρψπËÍȾÈ

3. IsolatedMain Rotor Analysis
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Deployment# 1

75 km
40,5 NM 

MSL

500 m
1640 ft

Deployment# 2

Mission End

30 km
16.2 NM

30 km
16.2 NM 

15 km
8.1 NM 

75 km
40.5 NM 

30 km
16.2 NM 

150 km
81 NM 

180 km
97 NM 
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Start

Base Operation Site Hospital / Rendezvous Point 
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