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Technical Background and Advantages of MeshlessMethods
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Technical Background

ÅCurrent simulation tools: (BEM, FDTD, FEM, é)

ſThe majority solves the linear wave equation

ſMost methods are mesh-based

ſMostly Eulerianmethods

ÅDisadvantages:

ſLimited to small amplitudes & low frequencies

ſNo incontinuitiesas given in shock waves

ſNo aero-acoustical effects 

ſMoving boundaries are hard to model
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Advantages of MeshlessMethods

ÅInvestigated methods:

ſBased on conservation laws & constitutive relations

ſNo linearizations

ſLagrangianparticle methods

ÅAdvantages for:

ſHigh amplitudes & frequencies possible

ſIncontinuities(shock waves)

ſAero-acoustic effects

ſMoving boundaries
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An Intermediate Step to MeshlessAcoustics
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Model Properties

ÅOne-dimensionalmodelconsistsof

N masseswhich are connectedvia

nonlinearsprings

ſMasses represent the inertia of 

certain gas volume

ſSpring forces replace pressure 

forces

ÅEquation of motion for each mass:
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Model Parameters

Å Mass from discretization:ÅSpring response from adiabatic 

process equation:

mean pressure spring elongation cross section mean density
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Properties & Implementation

ÅIn the continuum limit, linearization leads to the following differential 

equation:

ÅThe model does not draw on any linearization

ÅSecond order accuracy

ÅImplementation & visualization in Matlab®
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Example with 9 Masses and Sinusoidal Excitation



Å Pressure can be calculated from spring forces at each point

Å Example with 300 mass points and sinusoidal excitation:

Simulation results

Linear Springs Nonlinear Springs
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Simulation results
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SolitonWaves

ÅStable solitonwaves can be modeled

ÅPropagation speed of solitonwaves depends on their amplitude



Conclusion/Limitations

ÅPro:

ſSpeed of sound is modeled accurately

ſKnown nonlinear effects can be reproduced

ſImplementation is straightforward because of the simple model

ÅContra:

ſStability of solitonwaves depends on discretization

ſDue to the fixed connectivity, it is not a real meshlessmethod

ſThe transfer in two or three dimensional implementation is challenging

ĔMove to a more promising method, called Smoothed particle 

Hydrodynamics (SPH)
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For Acoustic Simulations
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SPH - The Basic Idea

ÅMainly used in hydrodynamics and astronomy

ÅLagrangianparticle method

ÅEach particle carries field variables (density, internal energy, velocity,é)

ÅA kernel-function approach defines the influence area of each particle
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ÅField variables and their 

derivatives can be approximated

with the following integrations:



SPH - The Basic Idea

ÅWith the product rule of differentiation and the divergence theorem, field 

function derivatives can also be expressed by:

ÅThe surface integral is zero if the kernel doesnôt intersect domain boundaries

ÅThe Integration can be approximated by a summation
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SPH - Fluid Dynamics & Acoustics

ÅConservation laws are evaluated for every particle at each time step:

Mass: Momentum: Energy:

ÅThe right hand side is replaced by SPH approximations for field function 

derivatives

ÅThe equation of state closes the formulation, relating pressure to density 

and internal energy

Ideal Gas: Water:

ÅTime evolution of the system trough time integration of conservation laws
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ÅThe ñAchillesô heelò of SPH (due to the kernel approximation)

ÅRequirements on boundary formulations in acoustics:

ſNo boundary penetration

ſAccurate sound wave reflection

ſAccurate sound excitation (moving boundaries)

ſNo disturbances

Boundary Formulations
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Dynamic Boundary Particles
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ÅPro: 

ſEasy to implement

ÅContra: 

ſMoving boundaries cause 

disturbances

ſBoundary penetration is 

possible



Mirror Particles
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ÅPro: 

ſTheoretical exact boundary 

treatment due to symmetry

ſLess disturbances

ÅContra: 

ſBoundary penetration is 

possible:




