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Presentation Overview

A series of experiments were conducted in an anechoic hover
chamber to investigate the noise and performance of an ideally

twisted rotor design. The results of this test were compared with those
of noise prediction tools.

* Introduction

 Blade Design

* Experiment

* Noise Prediction Comparison
 Final thoughts
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Introduction

* Hover chamber tests of small rotors are beneficial in assessing
the noise impact of small unmanned aerial vehicles (SUAS)

* With commercial off the shelf (COTS) rotors, it is not always
possible to know the exact geometric properties or the
complexity of the inflow

« A rotor with an ideal twist distribution theoretically has uniform
inflow, which may be simpler to predict using low fidelity tools
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ldeally Twisted Rotor
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ldeally Twisted Rotor

Blade Design Additive Manufacturing Testing
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Small Hover Anechoic Chamber (SHAC)*

« Room dimensions = [3.87 X 2.56 x 3.26] m
« Acoustically treated (cutoff down to 250 Hz)

« DAS: Briel & Kjeer (BK) LAN-XI DAQ and
BK Connect Software

« 6 B&K Type 4939 Free-Field microphones
« Laser sensor tachometer
« 6-Component Al-IA mini40 multiaxis load cell

Rotor Support
Stand

« Scorpion Motor

* Whiteside, S. K. S., Zawodny, N. S., Fei, X., Pettingill, N. A., Patterson, M. D., Rothhaar, P. M.,
“An Exploration of the Performance and Acoustic Characteristics of UAV-Scale Stacked Rotor
Configurations”, AIAA SciTech 2019, https://doi.org/10.2514/6.2019-1071
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Frequency (Hz)

Q = 5500 RPM || Thrust = 10.7 N || MIC 5 (0, =~ -35)
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Without mesh screens, “clean
data” duration is < 1 second




Experiment: With Mesh Screens
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Experiment Results: Thrust Sweep
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Broadband Noise Extraction
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For more information on
extracting broadband
noise signal, please see
additional slides
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Broadband Noise Extraction

For more information on
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Broadband Noise Extraction

oD
o

=0 T

—Peak Extracted Signal

T

5 Hz)

(Broadband)

n
-]
T
L

I
-]
T
L

8]
o

SPL (dB Ref. 20 ;.Pa, A

(e
o

10° 10
Frequency (Hz)

—
-]
[

4/08/2020 Spring 2020 Acoustics Technical Working Group

For more information on
extracting broadband
noise signal, please see
additional slides
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Broadband noise prediction tool: BARC
BPF Prediction tool: PAS

For more information on these noise
prediction tools, please see additional
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Tripped Broadband Noise Predictions (M5)
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For more information on self-noise sources, please
see additional slides

Untripped Broadband Noise Predictions (M5)
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SPL. , (dB Ref. 20 ;Pa)

Comparing Untripped and Tripped Predictions
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ASNIFM Results
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Final Thoughts and Future Work

* The 3-D printed ideally twisted rotor matched performance expectations when
tested in the SHAC

« Low fidelity tools are able to predict some of the tonal and broadband noise
characteristics of this tested rotor

« Higher fidelity inflow modeling may be necessary for off-design conditions

* An experimental flow field survey may provide insight into nonuniform inflow
that may be occurring at the off-design test conditions

« Examining acoustic data for different RPM sweep at design blade tip pitch (7°)
would identify how noise trends with performance
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4/08/2020 Spring 2020 Acoustics Technical Working Group


mailto:nicole.a.pettingill@nasa.gov

Extra Slides

4/08/2020

Spring 2020 Acoustics Technical Working Group

22



Experimental Data Processing

Extracting Broadband Noise Raw Noise Spectra
1. Datatreated as random data sets N 60 4 S I _
« Narrowband acoustic spectra computed using 0O Raw Signal
fast Fourier Transform (FFT) I
/] 50 B T
2. Separate periodic and random noise q‘g
components in the time domain S 40} ]
« Compute mean rotor revolution time history N
» Subtract from time record to retain random noise ©
components ool |
» Use FFT to compute periodic and broadband =t
spectra from the mean and residual time series =
o
: . 0 20 e
3. Remove signal peaks that remain in 102 103 10
broadband spectra Frequency (Hz)
Additional Resources:
ReSUItant broadband nOise SpeCtra are Pettingill, N. A., & Zawodny, N. S. (2019). “Identification and Prediction of Broadband Noise for a

compared to broadband noise predictions Small Quadcopter”. VFS Forum 75.

Zawodny, N. S., & Pettingill, N. A. (2018). “Acoustic Wind Tunnel Measurements of a Quadcopter
in Hover and Forward Flight Conditions”. Internoise.
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Experimental Data Processing

Extracting Broadband Noise Periodic and Broadband Noise Spectra

1. Data treated as random data sets N 60 ]
« Narrowband acoustic §Ipectra computed using fast O Periodic Signal (Tonal)
Fourier Transform (FFT) I —Broadband Signal (Broadband)
50 .
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2. Separate periodic and random noise n_‘f; |
components in the time domain o 40t || ]
« Compute mean rotor revolution time history N
» Subtract from time record to retain random @ |
noise components o 30
« Use FFT to compute periodic and broadband +
spectra from the mean and residual time series =
0 ol
: . 0 20 = ‘ -
3. Remove signal peaks that remain in 102 103 10

broadband spectra Frequency (Hz)

Additional Resources:

ReSUItant broad band nOise ,SpeCtra,ar,e Pettingill, N. A., & Zawodny, N. S. (2019). “Identification and Prediction of Broadband Noise for a
compared to broadband noise predictions Small Quadcopter”. VFS Forum 75.

Zawodny, N. S., & Pettingill, N. A. (2018). “Acoustic Wind Tunnel Measurements of a Quadcopter
in Hover and Forward Flight Conditions”. Internoise.
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Experimental Data Processing

Extracting Broadband Noise Broadband Noise Spectra
1. Data treated as random data sets N 60 ] T T T ] A
« Narrowband acoustic §Ipectra computed using fast o —Peak Extracted Signal (Broadband)
Fourier Transform (FFT) I
/] 50 B T
2. Separate periodic and random noise q‘g
components in the time domain S 40} ]
« Compute mean rotor revolution time history N
» Subtract from time record to retain random noise ©
components o 30l |
» Use FFT to compute periodic and broadband =t
spectra from the mean and residual time series =
o
: . 0 20 —
3. Remove signal peaks that remain in 102 103 10

broadband spectra Frequency (Hz)

Additional Resources:

ReSUItant broad band nOise ,SpeCtra,ar,e Pettingill, N. A., & Zawodny, N. S. (2019). “Identification and Prediction of Broadband Noise for a
compared to broadband noise predictions Small Quadcopter”. VFS Forum 75.

Zawodny, N. S., & Pettingill, N. A. (2018). “Acoustic Wind Tunnel Measurements of a Quadcopter
in Hover and Forward Flight Conditions”. Internoise.
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Self-Noise Prediction Methodology

US er |n p uts « BARC (Broadband Acoustic Rotor Codes!l) is a
semiempirical, blade element method for predicting self-
noise

» Uses inflow conditions and airfoil geometry as inputs, and

ROTONET PAS CAMRAD II NACAO0012 empirical BL data

* Predicts broadband noise due to self-noise sources
and incorporates into a rotational reference frame

BARC

[1] Burley, C. L. and Brooks, T. F., “Rotor Broadband Noise Prediction with Comparison to Model
Data,” Journal of the American Helicopter Society, Vol. 49, (1), January 2004, pp. 28-42.

Total self-noise spectrum
and source contributions
for a given observer

4/08/2020 Spring 2020 Acoustics Technical Working Group 26



Self-Noise Prediction Methodology

« ROTONET (Rotorcraft Noise Prediction System!ll) and PAS
US er I n p u tS (Propeller Analysis Systeml?l) are subsystems of NASA Aircraft Noise
Prediction Program (ANOPP) and are lower fidelity tools with simple
inflow models

ROTON ET PAS CA M RA D I I « CAMRAD Il (Comprehensive Analytical Model of Rotorcraft

Aerodynamics and Dynamicsl3) is a higher fidelity tool with multiple
inflow models

BARC * Use either ROTONET, PAS or CAMRAD Il to calculate local
inflow conditions
[1] Weir, S. D., Jumper, J. S., Burley, C. L., and Golub, A. R., “Aircraft Noise Prediction Program
) Theoretical Manual: Rotorcraft System Noise Prediction System (ROTONET), Part 4,” NASA TM 83199,

Total self-noise spectrum April 1095,

I 1 2] N , L. C. (1991). The NASA Aircraft Noise Prediction P I dP ller Analysi
an d S O u rC e CO n t rl b Utl O n S [Sglstgr%)./ﬂampton(. ). The ircraft Noise Prediction Program Improved Propeller Analysis

fO r a g IVe n O b S e rV er [3] Johnson, W., Technology Drivers in the Development of CAMRAD II. American Helicopter Society

Aeromechanics Specialists Conference, 1994.
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*Source: Brooks, T. F., Pope, D. S., and Marcolini, M. A., “Airfoil
Self-Noise and Prediction,” NASA RP 1218, 1989.

What Is self-noise?

6 Self-Noise Source Mechanisms*

» Self generated noise of an

i ; . Turbulent boundary layer trailing Laminar boundarv laver
airfoil blade encounterlng edge (TBLTE) on: Pressure and vortex shedding ({BL\\;S)
smooth flow Suction Side

Laminar Vortex
Turbulent . boundary demg
 This is a nondeterministic, Aol ___— ooty

broadband noise source

Bluntness vortex
Trailing Edge shedding (BVS)

/Stall Blunt trailing edge
* In 1989, a NASA Reference Nspdi.y Qé%—\s
Airfoil separation ‘,~_/————-"’7"‘~
—_—— =

Publication (RP1218) was

. . ) Vortex shedding
pUb“Shed On the tOpIC Of Self' YLarge—scale separation Tlp vorftex
. . * (deep stall) formation
noise and a prediction method H,_,f/@’i}
TN
—op S
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