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Introduction

+* General overview
- Wheel of Acoustics

(Lindsay, 1964)
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Modified(frommLCinsay’s) Wheel of Acoustics
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Introduction

% Acoustics in 19t Century

® Stokes and Rayleigh was the subject’s greatest figures
* Vibration string
 Organ pipe

® The sounds they were interested in were generally pleasant.

® Nowadays most of the sounds of engineering interest are
unpleasant, there being a large research effort concerned
with the sound generated by Transportation vehicle and
Machinery, etc.
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Introduction

“* Modern-day Acoustics (Scopes of Acoustics)

® Architectural Acoustics .
® Musical Acoustics K\:\

® Physiological acoustics :
 Hearing disorder (Artificial Cochlea)
- Effect of noise on human

® Psychological acoustics :
 Loudness
» Mental stress & disease

® Environmental noise :
 Transportation noise, Shooting noise

« Annoyance, Sleep disturbance
 School-room noise
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Introduction

** Modern-day Acoustics (Scopes of Acoustics)

® Transportation noise :
« Aircraft (Airplane, Helicopter, etc.)
* (High Speed) Trains, Automobiles
* Propeller, Rocket

® Industrial noise :
 Turbo-machinery (Compressor, Turbine, etc.), Fan
» Silencer
« Combustion noise & Instability
® Underwater acoustics :
« Submarine, Ships
* Propulsion, Torpedo, Sonar
 Long-range propagation
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Introduction

** Modern-day Acoustics (Scopes of Acoustics)

® Infrasound :
* Vibration coupling
 Effect on Human
« Artillery
 Seismic wave

® Ultrasonics :
 Medical diagnostics
» Structural integrity
® Active noise control :
 Duct application
 3-D application
» Signal processing
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Introduction

» Classification by Sources
® Structure-borne Noise : Vibro-acoustics
® Airborne Noise . Aeroacoustics
® Liquid-borne Noise : Hydro-acoustics

» Computational Aeroacoustics (CAA)
® Broad Definition :
 Hybrid methodology (CFD + acoustic module)

® Narrow Definition :

« Direct calculation of sound generation and propagation using high-
order schemes (low dispersion)
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Introduction

«**» The Nature of Sound

® Sound propagates as a wave
« 340 m/sec In air
« 1500 m/sec in water

® Sound transports energy with it, and vibrates our eardrums

® Audible range
« 20 ~ 20,000 Hz (cycles/sec)

® Sensitive range
- 1000 ~ 5000 Hz
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Introduction

«**» The Nature of Sound

® Sound source supplies energy (Acoustic power)
« Human whisper : 10-1° watts
< Human shout : 10> watts
« Large jet transport : 10° watts
= 10->watts X 1019(world population)
 Rocket launch : 107 watts

- Total acoustic energy during an exciting baseball game
= energy for frying an egg !! (acoustic energy is usually small)
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Acoustics

*» Characteristics of Sound
® Sound waves have several key attributes
« Compressible phenomenon
« Very small wave amplitude, typically p'/p, < 10

® Sound waves carry only a tiny fraction of the energy contained in the mean flow
(very low acoustic efficiency)
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Introduction

«**» The Nature of Sound

® Sound 1s a linear motion

® \When a sound wave propagates, it disturbs the fluid from
Its mean state.
* pP=potpixt)
*pEpetp(x i)
« v=Vv(X, 1)
® Viscosity is unimportant in sound waves
» Stress by pressure > Stress by viscosity
« Ratio of two stress = Reynolds number = 2ncA/v= oA?/v

« If long distance propagation is involved, viscosity can be important
(after the wave travels about ®A?/v wavelengths )
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Introduction

«**» The Nature of Sound

® Sound waves are classified as
» longitudinal waves : a local vibration in gas or liquid
* transverse waves : string vibration

- water surface wave (has both longitudinal & transverse
components)

® Simple Harmonic Waves

 Speed(c), Frequency(f), Period(T), Frequency in radian(m)
Wave number(k), Wave length()), Particle velocity(u)
T=1/f, A=cT=c/f
o=2nf=27/T, k=w/c=2xf/c=2n/A
u=p'/pyC
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Introduction

«* Units of Noise

® Description of Sound Strength
« Power : W=dE/dt (watts)
* Intensity : I = dW/dA (watts/m?)
 Sound energy density

® Sound Power Level (PWL)
» taken the log scale due to enormous range

107 watts

=10log,, (sound power in watts)+120dB

PWL ~10l0g, (sound power outputj
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Introduction

** Units of Noise
® Sound Pressure Level (SPL)

SPLindB =20log,, i
0.0002 ibar

= 20log,, Pims )

2x107° N/m?
» 1 atm pressure fluctuation =194 dB
 Threshold of pain =130~140dB = p'/p,~ 1073
 Threshold of hearing =0dB = p'fpg ~ 10710

* P, = threshold of hearing

® Sound Intensity Level(IL)

« IL (L,) = 10 log10(l/1) in dB where 1 =10-*> watts/m?

ref
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Introduction

“* Subjective Units of Noise
® L_oudness Level (phons)
. defined as loud as a pure tone of frequency 1kHz
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Introduction

“* Subjective Units of Noise

® L_oudness Level (sones)
: linear measure of loudness ( DL =40, DL=1)
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Fig. 1.8 — L.oudness of a 1 kHz tone.
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Introduction

“* Subjective Units of Noise

® 'A-weighting' Sound Pressure Level (dBA)

 weighting SPL in each frequency level by taking into account the
ear's sensitivity. Internationally accepted.

(Note) 'B & C weightings' are rarely used.
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Introduction

“* Subjective Units of Noise
® Directivity Index (DI) & Q-factor

DI = SPL, — SPL =10log,, Q

® Perceived Noise Level (PNdB) - unit:(noy)

« mainly for aircraft noise by taking account for high frequency
components of jet noise; use different weighting; typically 12-16
dB higher than dB,

® Effective Perceived Noise Level (EPNL)
« weighting the pure tones in noise signal (turbo-machinery)

Noise Engineering / Aeroacoustics -24 -



Introduction

“* Subjective Units of Noise

® Total Noise Exposure Level (TNEL)
« consider the number of aircraft.

® Equivalent Continuous Perceived Noise Level (ECPNL)
» the average of EPNL

® \Weighted ECPNL (WECPNL)
« taking account for the effect of night time. (add 10dB)
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——Physiotogy & Psychology of Noise

«* Structure of Ear
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—Physiology & Psychology of Noise

«* Structure of Ear
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** Masking effect

~————Physiotogy & Psychology of Noise

® ‘B’ sound is masked by sound ‘A’

— Physiological effect by

Increasing the threshold of hearing
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** Masking effect

~————Physiotogy & Psychology of Noise

® Generally masking has a bad effect. If you utilize
BGM(Back Ground Music), you can mask the noise.

® |f a person stays too long at
very silent place, he/she will
become unstable

psychologically. 0

— A little bit of noise is £

good for human E

N
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~————Physiotogy & Psychology of Noise

«* Influence of Noise
® Definition
. Noise Is unpleasant sound

®TTS & PTS : serious at 3-6 kHz

« TTS (noise-induced temporary threshold shift):

* PTS (noise-induced permanent threshold shift):

» Measurement of hearing level . Audiometer

* |ISO standard : 10-15 dB normal, 25dB or higher PTS

® NER (Noise Exposure Rating)
® SIL (Speech Interference Level)
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~————Physiotogy & Psychology of Noise

+* Influence of Noise

® Infrasound (<16 Hz)

 Tides, earthquakes, thunder, AirCon, Jet Aircraft ...
» Make people sleepy & tired, Potential weapon

® Ultrasound (>20kHz)
« Jet engine, High-speed drill, Washing machine
 Medical Purpose, should be < 105 dB (EPA)

® Sonic Boom
* N-wave, Boom carpet, Rising time (0.1~16 ms)
 Should be less than 55 dB (EPA)
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~——TFhree=dimensional wave equation

*»* Sound waves are classified as
® Longitudinal waves — a local vibration in gas or liquid
® Transverse waves — string vibration

® \Water surface wave (has both longitudinal & transverse
components)
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