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Introduction to acoustic simulations

* Acoustic applications

* Frequency/spectrum map

* Governing equations

* Boundary conditions and meshing
* Simulation methodology

« Examples




Acoustic applications
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Infrasonic 1-10Hz

Sound 10-10e4Hz

Ultrasound 10e4-10e7Hz

Human hearing 20Hz-20kHz

Radio spectrum 3kHz-300GHz (30,000m-0.3cm)
Microwave 100MHz-200GHz

Infrared 300GHz-430THz

Visible 400THz-789THz

Ultraviolet 800THz-30e15Hz (400nm-10nm)
X Ray 300e15Hz-30e18Hz

Gamma ray 300e¢18Hz...

VI

Cosmic Ray ...




N'VOIPX NT'7AX7 D"'VNNN D'7T7IN

Euler nx»nwn n»n 0»NIN DXT09N RODY , 0NN XD ,0NT ONT NIY NYNNN XNV
ou 1
P (u-"u = —;VP
: YN NRNYN
0
a—f +V-(pu)=0

T DY NN YVDIPRN NNON MIAPYI MOLVINNN Py XN pg MOAN Sya 0N MY

P=pP,+P
r=—=—=y7— == =1
p=potp T < 5 C
! !
u=0+u Po+P" <—— 5 Po

Where P' < Py, p' < po ;o :




N'VOIPX NT'7AX7 D"'VNNN D'7T7IN

: 2293 MMNN NVNYN MRNVWNN NOIINA

Where pc?is the bulk modulus.
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Where
qq 1s an acoustic dipole source,

Q,, 1s an acoustic monopole source.
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Bio Sonar

Sound navigation and ranging

Table 18: Simulation result for the case of a small sphere placed in a middle of a 2x1x1 [m?] tank.
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"y nxnon"- Ground cloak
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Figure 1. The 2D computational domain. in which an acoustic gaussian beam is
incident on an cylindrical object.

NN 799207 NN ,PONAN 21T DWW ,09IVIVNIN IDIN) NONN

.NOVYNN 199D 210N DIYIN DTV

f 00 1B
| '.%\m |
. ‘ . . ' “!!.'om ) <@) ‘ : NI 19N PININ DITID NONN MDY YITNN MY NIPH N2y
LY » :

i ’
“3‘7 Xp« i g Iql e &0 lpos? . l(-n:glh) e 'w';: i.ntls:ghh
r r—Rq
Figure 2. Leftpanel: The acoustic pressure pin the absence of a scatterer. Midd! 05 S - p = — p ey
The acoustic pressure with an incompressible cylindrical scatterer. Right pang '.0". ) [ ) ] i r _ ) (p
The acoustic pressure with the same scatterer surrounded by the cloaking she "" 0. ' ' | ‘ ‘ ‘ ‘ 1
described in the text. ".‘ | i 4 !
= |
£ ‘ b Lo . e
by Bt = )
-1 i
| ! u.;. '- q" RZ—R]_ r
! i 1 15 3
] 2
L i1
| | | ’ INDINN IMND O©PTI 1N R1
z I
g | 0 9VYN YV MYPN OPTI R2
| 3 NXNDNN NAVYN oV NN OPTH
Ui
0.5 g




nId>'o

.DNPN NN DININN JY ANT 1NN MNMP NPVDIPR NPNPITIN

D»DTHN D¥MNNA INNY 735 MNP PN NAT DN NMYY NPVDIPN NPINNOD

DOINN

D) XM N, Comsol multiphysics Mo NV ,NPYODIPRN DINNA NIV NPPDA
NN 1901 NXIN NPYYN DM NIVON NPIDN) NOTIN $5792 NDP2ININ NIIND

DAY YNNIV

YODIPRN DTN NN MDYN ,NMYIIN XYND MUN MY NPLVDIPN NPNIINIDI

LDMINNNN NAYN ININY DINNNN
SNPYM OIOPIVON HDTIND ,NOUN IXIN ,ANININ NN DDA NTIWN TINITINDD MININ

NPOVDIPRN NPIDINPON DINND NN NN DTPY INPNI ,NPYYN NPSPIDIN 19010 NNIN

pU2 0 ol U1

DYMIV»N




