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Background

Civil Aviation

Subsonic    Ą Supersonic    Ą Hypersonic

Induced sonic-boom
Impact on

ü (*above 90 dB) human and wildlife 

(proliferation, habitationé)

ü constructions

ü avalanches or landslides

?
*Manci K.M., Gladwin D.N., Villella R., Cavendish M.G.: Effects of Aircraft Noise 

and Sonic Booms on Domestic Animals and Wildlife: A Literature Synthesis
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Literature (I)

[Sawyers, 1968]

Underwater Sound Pressure from Sonic Booms
MAir = 2
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x
z

Mwater = 0.46

ü Analytical solution to subsonic underwater 

overpressure induced by N-wave
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Underwater Overpressure Overpressure with Water Depths

water
evanescent decay!!
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Literature (II)

[Cheng & Lee, 2004]

Sonic-boom noise penetration under a wavy 

ocean: theory

150 ft (shallow) 1500 ft (deep)

üWavy water model

ü Linear acoustic equation

ü Analytical solution to subsonic underwater 

overpressure induced by N-wave

remain certain sound 

strength in deep water
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Literature (Summary)

Author Methodology
Underwater 

Environment
Governing Equation Model

Sawyers Analytical Method Subsonic
Linear Acoustic 

Equation
Flat Water

Intrieri & Malcolm Experiments Subsonic & Supersonic
Linear Acoustic 

Equation
Flat Water

Wang et al. Analytical Method Supersonic
Linear Acoustic 

Equation
Flat Water

Cheng & Lee Analytical Method Subsonic
Linear Acoustic 

Equation
Wavy Water

Fincham & 

Maxworthy
Experiments Subsonic

Linear Acoustic 

Equation
Wavy Water

Sekiguchi & Suzuki Numerical Method Subsonic & Supersonic Euler Equations Flat Water
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Methodology

Schematic Model Computational Grid

ü Grid lines are aligned to shock 

wave: minimize the unphysical 

numerical dissipation

ü Finer mesh near sonic-boom

ü Spatial coordinate x and z are 

normalized by L, which are set 

at 100 m

air

water

Penetration B.C.
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Methodology (Contôd)
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similar form!

Note: didnôt consider 

hydrostatic pressure

7.415,N= 2.99 MPacp =
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Methodology (Contôd)

Roeôs Approximate Riemann Solver 

+

Yeeôs Symmetric-TVD method

(second-order in space)

+

Explicit Time Revolution

Numerical Scheme:

on both air & water 

computational domain

Grid number

(x, z, total)

Flat Wavy

decay rate difference decay rate difference

A (1089, 1089, 1185921) 1.463

0.14%

0.614

1.99%

B (2177, 2177, 4739329) 1.465 0.602

Grid Convergency Study:



10

Overpressure under Flat Water

Supersonic

Underwater

Subsonic

Underwater

Ma = 2.0

Mw = 0.46

Ma = 5.0

Mw = 1.15

underwater sonic-boom 

decays much more slowly
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Overview of Hit Point

incidence

reflection

penetration

Wavy-Surface Interaction
ĄOscillating patterns on overpressure

Ma = 2.0

Mw = 0.46


