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UNIVERSITY OF SOUTHAMPTON

B.S., Aeronautical Engineering (1960)

44 YEARS IN NOISE AND VIBRATION CONTROL

University research and private 
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Hovercraft noise suppression (1965) 
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3Presentation Overview

PAPER’S PURPOSE

Noise issues in 1964

Key Topics

SUMMARY

Main thrust and findings

IMPACT

Influence on today’s literature

MY WORK

Impact on “AeroFeathers”

Journal of Sound & Vibration

1964



4Fan Noise: An Emerging Issue

World War II
Propeller Aircraft

Mid 20th Century
Turbojet Aircraft

Problem

Aircraft were still 
loud during landing 
despite quieter jet 

engines

Realization

The axial 
compressor was a 
major noise source

Sharland’s Goal

Identify noise mechanisms 
and quantify their 

strengths



5Two Types of Noise

Broadband Noise

Occurs over many 
frequencies

Discrete Tones

Occur at the blade 
passage frequencies



6Causes of Broadband Noise

Airflow

⍺

Alters local angle of attack (⍺), 
causing random fluctuations

Incoming turbulence1

Local force fluctuations act as 
acoustic sources

Turbulent boundary layers2

Vorticities at the trailing edge 
cause local lift fluctuations

Vortex shedding 3



7Quantifying Broadband Noise

Incoming turbulence1

Noise ∝ Blade Speed 6

Turbulent Boundary2

A very weak source 
compared to others

TE Vortex Shedding3

Noise scales with speed 
and Reynolds number

Key Sources of 
Noise

Higher air 
speeds

Larger blade 
surfaces

Stronger lift 
fluctuations

Acoustic 
Power



8Sharland’s Experiments

Isolated Flat Plate

Good agreement with 
formulas

Turbulent flow & vortex shedding 
~15 dB louder

Fan Rotor

Broadband noise centered 
around 1000 Hz

Noise increases when blades are 
at a high angle of attack



9Quantifying Tonal Noise

Classic Propeller Theory

Blade Passing Frequency (BPF)

𝐵𝑃𝐹 =
𝑛 ×  𝑅𝑃𝑀

60
n: Number of blades

RPM: Blade speed

Did not explain fan tones well

Underpredicted noise levels 
compared to experiments

Sharland’s Findings

Fixed Point

Frequency

SP
L



10Quantifying Tonal Noise

Airflow

Rotating

ROTOR
Stationary

STATOR

Rotor-Stator Interactions

Uneven airflow causes 
periodic lift fluctuations
RESULT:
Louder tones

Rotor-stator angle 
& spacing

Stator shape & 
thickness

FA
C

TO
R

S



11Sharland’s Recommendations

To Reduce Broadband Noise

Reduce Turbulence

Design smoother air 
paths ahead of the fan

Reduce Vortex Shedding

Design sharper trailing 
edges

To Reduce Tonal Noise

Reduce Rotor-Stator Interactions

Use thin stator blades

Increase rotor-stator spacing

Tilt the stator blades



Sharland’s Impact



13Sharland’s Impact
Influence

Compressor design in aviation

HVAC noise reduction

Computational aeroacoustics

Legacy

Dimensional Reasoning

Real Experiments

Practical Design Rules

Today’s Impact

512
Citations on Google Scholar

C
it

at
io

ns

Year1970 2025



14Sharland’s Impact: Case Study

“Sound radiation from real airfoils
 in turbulence”

Devenport, Staubs, and Glegg

JSV (2010)
Key Purpose

Investigated rotor-stator interaction noise 
using detailed flow measurements
Studied effect of rotor tip clearance on 
tonal noise

Sharland’s Impact

Foundational in identifying rotor-stator 
interactions as dominant tone sources
Expands Sharland’s work by directly 
measuring wake distortions

[2]



15Sharland’s Impact: Case Study

“Sound localization and quantification of 
an automotive engine cooling module”

Amoiridis et. al

JSV (2022)
Key Purpose

Developed a computational approach to 
predict tonal fan noise
Validated the method against experimental 
data from a low-speed fan rig

Sharland’s Impact

A key source identifying rotor–stator 
interaction
Advances Sharland’s empirical findings 
with modern CFD-based predictions

[3]



16Case Study:



17Case Study:

An actual 
owl feather

Replica 3D 
printed using 
our method

Upper 
Surface

Soft downy 
coat

Trailing 
Edge

Soft flexible 
fringes

Leading 
Edge

Comb-like 
serrations



18Case Study:

BPF
220 Hz

Rough Trailing Edge

Trailing Edge

From Sharland:
AeroFeathers reduce broadband noise by 

reducing trailing edge vortex shedding



Sharland’s Impact:

19Summary & Conclusions

A Noisy Mystery A Solvable Engineering Problem

Then & Now1964 2025
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