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! Ultrasound
2 HIFU; High Intensity Focused Ultrasound
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® pseudo-Spectral

® Lattice Gas Automata

" Noise

8 LBM:; Lattice-Boltzmann Model

&l 5] aen ok, g_;”i’ § Ca s 4O Dl s
3575 5yl s cmle S Sl (giluands
Solie Saomn mhaw gl plas o as wijls
3y50 Sl Glie 5 @ole Olyd lee sla 2 0l
(Seolins sladilelw Olallae o dsl .cul 5L
6L.$b)..s.x.~a 13J “ﬁ‘oéy oddliwe » w dwalA)T
alol S oy lp ideS pdol ccaslice LB
=l SugSug S e oSl s Sl
it glaaiblw oz (il adllas gy o,
Lagl ol (o2l Loy g o pie ool 5l slacgaze
L aeo e e an |y Su a8y She (665 S
e S g8y, She sla Sl L aa LIy cé, oy
(}W J.»_w.u‘JJL’O SYolss osiloads P T N}
Y(é_gléa@) 37 Jeil s SYoles 4 \(@ldif)
Semelins gilwas gl oleSl o coals
So ggoplad o e dolas [V] sizns Slules
5 40350 LSSl Sl dlolas ol ogls  Saliog,ann
sloa, o 5 s nd ol b sl gl ], SUL
(o Jowo) sl JaST5 o solawl 5,50 oo
Y e .. .
Slaasisns (LSS asbas 3] g cagns (rpos
hol® gyl (oo )3, (05 S sl 65500
wnS ghacol b zlgel s e Ll [a] s
0d Jdodi a a0 o587 alolao aliwg 4y oo
55wy S sLag SN 5l osliwl Ly [V -] e
IS o (i 2wk G S slacesS
ol 5 el adlllas BB Loyl b 208 00l g &l)d
WSyl aS 8 > soslasl g LS L )3 e S
So il (Jle oI)LS Eige (o9, 08 S (o0 (i
LI oS o s5lotncds atmgn baoe S5 50,
Iy S oSy Sl sl oS LagSIl oyl 51 oolasul

! ODE; Ordinary Differential Equations

2 PDE; Partial Differential Equations

3 Westervelt

4 KZK; Khokhlov-Zabolotskaya-Kuznetsov
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! Bhatnagar-Gross-Krook
2 Viscosity
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Abstract

There are numerous applications for acoustics in medical diagnosis and treatment. An important
fact to consider is accurate simulation of the acoustic waves and their interaction with body
tissues. In medical applications, the nonlinearity of the ultrasound wave propagation plays a
significant role in its interactions with body tissues. Currently, there are three approaches to
modeling and simulation of nonlinear ultrasound waves in fluid mediums: macroscopic,
mesoscopic and microscopic methods. In this study, a Lattice Boltzmann based mesoscopic
method (LBM) is investigated. The Boltzmann equation is employed to simulate the flow of a
Newtonian fluid in place of the conventional system of Navier- Stokes’, continuity and state
equations. Through the application of the proposed model distorted nonlinear waves and the
shock wave have been calculated for the ultrasound waves in a lossy medium. Moreover, the
results are compared to the published results of the macroscopic methods. Resolution of the
results signifies the accuracy and effectiveness of the LBM for modeling and simulation of
nonlinearity of ultrasound waves for Mach numbers up to 0.01, which stands in the range of

ultrasound waves availed for treatment cases (eg HIFU).

Keywords: Lattice, Boltzmann method, Nonlinear acoustic waves propagation, Shock wave
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