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Motivation

Technical Background and Advantagedashlessviethods



Technical Background

ACurrent simulation tool s:
[ The majority solves the linear wave equation
[ Most methods are megiased
[ Mostly Eulerianmethods

A Disadvantages:
[ Limited to small amplitudes & low frequencies
[ Noincontinuitiesas given in shock waves
[ No aereacoustical effects
[ Moving boundaries are hard to model



Advantages oMeshlessMethods

A Investigated methods:
[ Based on conservation laws & constitutive relations
[ No linearizations
[ Lagrangianparticle methods

A Advantages for:
[ High amplitudes & frequencies possible
[ Incontinuities(shock waves)
[ Aero-acoustic effects
[ Moving boundaries



Lumped Mass Model

An Intermediate Step tuleshlesdAcoustics



Model Properties

A Onedimensionalmodel consistsof
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Model Parameters

A Spring response from adiabatic A Mass fromdiscretization
process equation:
F=A. h ﬁ m; = A -
— Pmean h g 7 pmean
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mean pressure spring elongation  cross section mean density



Properties & Implementation

A In the continuum limit, linearization leads to the following differential

equation: P puean -1 0d
o2 pmean  Ox?

A The model does not draw on any linearization
A Second order accuracy
A Implementation & visualization iMatlal®

Example with 9 Masses and Sinusoidal Excitation
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Simulation results

A Pressure can be calculated from spring forces at each point
A Examplewith 300 masgointsandsinusoidal excitation:

Linear Springs Nonlinear Springs

pressure [Pa]
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Simulation results

SolitonWaves

A Stablesolitonwaves can be modeled
A Propagation speed eblitonwaves depends on their amplitude



Conclusion/Limitations

A Pro:
[ Speed of sound is modeled accurately
[ Known nonlinear effects can be reproduced
[ Implementation is straightforward because of the simple model
A Contra:
[ Stability of solitonwaves depends ahscretization
[ Due to the fixed connectivity, it is not a reaéshlessnethod
[ The transfer in two or three dimensional implementation is challengi

E Move to a more promising method, called Smoothed particle
Hydrodynamics (SPH)



Smoothed Particle
Hydrodynamics (SPH)

For Acoustic Simulations



SPH- The Basic Ildea

A Mainly used in hydrodynamics and astronomy

A Lagrangiarparticle method

AEach particle carries field var
A A kernekunction approach defines the influence area of each particle

support domain,

A Field variables and their - Q, of particle i

derivatives can be approximatec
with the following integrations:

—

(f(x)) = [ f@"YW(x—a h)da'

(Vi(x))= [ Vf@"W(x—a' h)da'




SPH- The Basic Idea

A With the product rule of differentiation and the divergence theorem, fiel
function derivatives can also be expressed by:

(Vf(z)) = /Sf(x')W(:z: —2',h) -ndS — /Qf(a:') VW (x — 2, h)da'

AThe surface integr al Il s zero |f

A The Integration can be approximated by a summation

N

(V@) == L f(a;) VW (x —aj,h)
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SPH- Fluid Dynamics & Acoustics

A Conservation laws are evaluated for every particle at each time step:

dp ovP dv® 1 do B du o8 gy©
Mass: 4, = "P5,z  Momentum: —3= = 55 Energy: g T T 58

A The right hand side is replaced by SPH approximations for field functi
derivatives

A The equation of state closes the formulation, relating pressure to dens
and internal energy

p mn
Ideal Gas: P = (v —1)pu Water: P=15 ((p_o) - 1)

A Time evolution of the system trough time integration of conservation la



Boundary Formulations

AThe AAchill esd heel o
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A Requirements on boundary formulations in acoustics:

[ No boundary penetration
[ Accurate sound wave reflection

of

[ Accurate sound excitation (moving boundaries)

[ No disturbances

SPH
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Dynamic Boundary Particles

fluid particles
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Mirror Particles

fluid particles | mirror particles A Pro: _
—— | m—— [ Theoretical exact boundar
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