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Abstract

e Thermal properties of a perfect gas
- EoS, Internal Energy, Entropy, Enthalpy, Bernoulli's Principle

e Acoustic waves
- Small Perturbation, Linear Perturbation Technique, Adiabatic

® Emission of acoustic waves
- Acoustic Radiation, Quadratic Term

e Steepening into shock waves & Method of characteristic
- Large Amplitude, Characteristic Curve



6.1 Thermal properties of a perfect gas

o Equation of state (EoS) for perfect gas
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e Entropy per unit mass
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6.1 Thermal properties of a perfect gas

e For adiabatic process

 Enthalpy per unit mass

(6.1), (6.3)
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e Bernoulli’s Principle for adiabatic, perfect gas
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* To focus on compressibility, view [/ — 0, K =0



6.2 Acoustic waves

e Homogeneous, perfect process

Perturbed
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* From the Eq. of Continuity (6.14)
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6.2 Acoustic waves

* From the Euler Eq.
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6.2 Acoustic waves

e Fourier components & Dispersion Relation

Perturbation analysis is linear

.l

Principle of superposition holds

D

Any perturbation sl Fourier Component

/ Typical

p1 =proexplik-x —wt)]  (6.19)

* Phase velocity & group velocity

Vp = —, Vg = ViW (6.21)




For comparison

6.3 Emission of acoustic waves' "~

* Fluid velocities act as sources of acoustic waves
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6.3 Emission of acoustic waves

* Fluid velocities act as sources of acoustic waves
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Celebrated Inhomogeneous '

Wave Equation§~ " 5

' Solution
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 Acoustic wave radiation type

Obj changing Obj oscillation

Fluid motion .. . .
volume inside inside

Quadrupolar radiation Monopole radiation Dipole radiation



6.4 Steepening into shock waves & Method of characteristic

Large wave amplitude
* Purely longitudinal 1-D wave

Euler Eq. % + v% = —%% (6.29)
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Method of Characteristics

Hyperbolic
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Steeper -> Shock
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