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Full 3D Finite-Difference Methods for
Acoustics

. Finite-Difference Applications
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- Flexible for complex sources Full 3-D infrasound propagation

and media (topog rathr simulations from an explosive
turbulence) source (Kim and Pasyanos, 2022)
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- Computationally expensive



2D Acoustic Codes in Spherical
Coordinates (AC2Dr)

. Axisymmetric spherical coordinates for
spherical spreading of acoustic waves

. High-order finite-difference discretization

- 6 order central finite difference in
space (7-point approximation for
spatial derivatives)
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- 4 order Runge-Kutta time
integration
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Approximate 3-D infrasound propagation
by 2-D simulations?
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Spherical source geometry can be
approximated well
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I 2D Approximation of Wind Field

Translation Wind in 3D Radial in Axisymmetric 2D

. Translational wind field can be approximated by the 2-D in the far

distances, but near the symmetric axis, only radial wind field can be
represented by the 2-D.



2D Acoustic Codes in Spherical
Coordinates (AC2Dr)

. 2-D finite-difference codes solving linear acoustic wave equations for

pressure (p) and particle motions (u) with background mean flows (1)
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Large Surface Explosion Coupling
Experiment (LSECE)

« LSECE conducted at
Nevada National Security
Site in support of Defense
Threat Reduction Agency
in October 2020.

« Two shots (992 tons TNT
equivalent) executed at
dawn (06:37 local) and in
the afternoon (15:35 local)
E,o collect acoustic

infrasonic) data under two
different atmospheric
conditions.

 Local and regional
infrasound signals were
analyzed (Kim and

Pas ?nos, 2022; Blom,
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Comparison of 2-D and 3-D

Simulations

Source Code
Spatial
Discretinzation

Temporal
Discretization
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Elevation(m)

14000

12000

0

4000 6000 8000 10000

2000

Local Infrasound Propagation

Al = Al

\/ \V \/ \V \V/ 4 \V T T T
2000 4000 6000 8000 10000 12000 14000

Range(m)

Source
Characteri
stics

3-D (EIAc)

2-D
(AC2Dr)

Shape

Gaussian
(point)

Gaussian
(initial field)

Peak
Frequency

10Hz

1.0 Hz

Corner
Frequency

2.0Hz

2.0Hz



Local Propagation (Artemis)
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Fourier Amplitudes (Pa/Hz)
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Local Propagation (Artemis)
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Normalized Amplitude

Local Propagation (Artemis)
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Normalized Amplitude
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Regional Infrasound Propagation
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Regional Infrasound Stations
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Regional Simulation Comparison
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AC2Dr Simulations
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AC2Dr Simulations

50

30

10

!

\

Artemis

Elevation(km)

o

50

100 150

Range(km)

200

020 050

Normalized Amplitude

1 — AC2Dr
— ElAc

0.02  0.05

10

20

50
Range(km)

200




AC2Dr Simulations
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Waveform Comparison (Artemis)
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Waveform Comparison (Apollo)
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Amplitudes Comparison within
Stratospheric Duct
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Comparison with Effective Sound
Speed (Artemis)
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Comparison with Effective Sound
Speed (Artemis)
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Regional Infrasound Observations
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Explosion Yield Estimation (Apollo)
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Yield Estimation by Local Infrasound

. Local infrasound
prediction with full
waveform
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I AC2Dr is available in public repo
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. https://github.com/LLNL/AC2Dr




I Summary

. 2-D Acoustic codes (AC2Dr) in spherical coordinates are
developed, and its accuracy is verified by the comparison
with full 3-D finite-difference modelings and data.

. Axisymmetric coordinates cannot represent translational
wind field near the axis, producing deformed wavefield
along the axis.

. However, laterally propagating waves and resultant
stratospheric waveqguides can be reasonably approximated
by the 2-D approach.
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