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A Unequal bladespacing propellers
PART Il
A Multi-Rotor Flow Modelling
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Background

Usov D., (2022), H-135 Unknown, Piper J-3 Cub with the Everell single-blade Verver G., (2012),
tail fenestron propeller, www.quora.com AH-64 tail rotor



https://www.quora.com/How-many-blades-must-an-aircraft-propeller-engine-have-to-be-efficient

Propellers with uneven blade spacing
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Asymmetric propeller schematics.
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Methodology: Propeller geometry and manufacturing 1
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Manufacturing: Propeller set




Prototype manufacturing: Geometry

Shaft hole

Counterweight Balance tuning holes




Prototype manufacturing: Process
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(a) SLA printing (b) IPA wash (c) UV-temperature curing



Printed parts

Manufacturing
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SLA printed, pre-processed propellers.



Axial force, F, [N]
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Preliminary acoustic measurements
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Anechoic chamber

Acoustically isolated inner chamber
Absorbant insulation an® T
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(a) Microphone array (b) Anechoic chamber

A Background: -12 dBA

A Facility time scale: ~120 s
A Cut-off: 50 Hz

A Sampling: 50 kHz
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IC measurements
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(b) VP-6. (c) VP-9. (d) VP-R.

(a) VP-3.
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Preliminary acoustic measurements

Note: 8,000 rpm, diameter = 0.28 m, 0 Ti® y static propeller
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Preliminary acoustic measurements

SPL frequency response in decibels.
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Acoustic measurements

SPL of VP-9 vs reference propeller
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Acoustic measurements

Power level (PWL)

PW.L frequency response in decibels.

N0 —— | —
2 =8,000 rpm
——VP-R VP-6|
VP-9 - VP-3

i i I ﬁ**#"i J:]-i"il"u

e H'\m’“\‘ﬁ\ﬁ

104

Frequency, f [Hz|

17



Acoustic measurements: PWL VP-9
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Acoustic measurements

p(90°) [Pa]

Revolutions, N Sonneborn and Drees, JAHS (1975)



Final Design: Geometry

(a) VP-R (b) VP-9
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Final Design: *Static performance

Axial force, F, [N]
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*Data scatter represents six VP-9 propeller 21



Outdoor tests: Overview

(a) UAS with conventional propellers (b) UAS with asymmetric propellers
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Outdoor test: Test Matrix
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Outdoor test: Instrumentation
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(a) Anemometer setup (b) Inverted microphone setup
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Latitude

Outdoor test: Site
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OASPL (R, 6) [dB]

Outdoor tests: OASPLA

Outdoor acoustic response, OASPLA
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Outdoor tests: SPL Spectra

(a) Flight 001 (VRR)

Waypoint

Outdoor acoustic response, SPL spectra.
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Acoustic measurements: SPL
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Acoustic measurements: PWL
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Acoustic measurements: Directivity

Q = 5012 rpm; f, = 166.7 Hz
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Acoustic simulations: Validation 1
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Acoustic pressure, p/'(90°,t) [Pa]

Sound Pressure Level, SPL(90°, f) [dB]
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Wind tunnel measurements: Setup

Wind tunnel tests, propeller rig setup.
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Wind tunnel measurements: Test matrix

RFPM
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Outcomes

Aropeller design to be licensed to

AMejzlik Propellers s.r.o.
ABrno, Czech Republic, 615 00



Wind tunnel measurements
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PART I

Use of Proper Orthogonal
Decomposition for Complex Flows



Aerodlymnanies/Modéhing

A Single contra-rotating propellers

A Models
I Dynamic inflow
I Lifting lines
I Vortex particle methods |
I (Analytical models) 25 = b s
i Steady/unsteady analysi .. = * "
AChange of shaft angle -4

A Flight mechanics couplir.y
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Vortex Teovyr kree/MVakes

A Hartman propeller and contreotating propeller
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ExoticFPsopeters

A Unequal blade spacing, contratating, axial flight
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Rotof IlfflowTTiansient
A Free flight
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Motivations
A Small and large electricalpowered VTOL

Propellers

GKN Aerospace Skybus

Sora Aviation -3 prototype
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Industrial lzanedsgape

A Significant interest in multiotor aircraft for eVTOL
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Motivation for vortex particle method

ANew generation of eVTOL concepts reliant on multiple
rotors and lifting surfaces

ACFD unavoidable in the detailed design phase

AFaster tools are more suited to conceptual design

Almportant to assess the capabilities of mid-fidelity tools

ATo correctly resolve interactional flow physics early
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Vehicle geometry

OpenVSP

1

AReproduced
AY o v

a

ADegenGeom used to export surface panelling
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|solated rotor case
AVPM over-predicts integrated thrust by 7.1%.
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Multi-propeller case: averaged loads

A Within 6% of the CFD result.
A Including wings has small effect.

Case "Y[kN] Fore "Y[kN] Mid "Y[kN] Aft
VPM-PO 27.4 27.8 27.6
VPM-PW 27.7 27.7 27.5

CED 26.2 26.5 26.2




Thrust distribution
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Blade loads

————— VPM-PO

VPM-PW ------ CFD

Fore

A Averaged over all blades
Al/rev variation agrees well

ABlade-blade (B2B), blade-wing £ ;|
(B2W) interactions less well
resolved.
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Wake development, 6 rotors

Zhang et al. (J. Sound & Vibr. 2024)
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