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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
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! ODE; Ordinary Differential Equations

2 PDE; Partial Differential Equations

3 Westervelt

4 KZK; Khokhlov-Zabolotskaya-Kuznetsov


https://dor.isc.ac/dor/20.1001.1.23455748.1392.1.1.2.8
https://joasi.ir/article-1-30-en.html

[ Downloaded from joasi.ir on 2026-06-01 ]

[ DOR: 20.1001.1.23455748.1392.1.1.2.8 ]

ol e ol gl S (5 s 51t (o0 5331 — s (555U S

WAY (lino 9 3l /) 05Leud/) oo/ oyl ol LS g koo yonil Al

Ol lauolin (glaza o C‘yz‘ o ‘SLDJ_,_C odudy
b anlss ol el ol 5 2 dolee

ot 53 el sl i i sl
oty o b 5 ol e b g Slagore
= 5 Slamio zlgal gl 00,5 anslie ouls a3l
L 5 dolas soue o U plosn] 5 okas
Lo loars sl YT o anylie T ul3Ss o5
)Lx;sl 6‘)’? Qj,w)d.ﬂ .]a..»y as L5‘4:.,\..2_;5J> (590
ws) 4_5) Caa] 00 d..._.wj.: ‘5|a.>)_~.c ZT9e LT
L5 00,5 ol doads a3 )5 1S a4 o] yo aigS il
limdl b Sy slamio zgal LSl Cols

Slaxao g0 jLa5l N-Y

L Foo e S 3l slamio glool (giloarets sl
A oolawl Dglaie Flo sas g0 b 35,06 Ve sl
sl Lo (LS g plsj oSN 50 0 (sl,—
e AX =V FEYAXY T g agli At= 0AYEX) T
5 ez ($2558m9) Sl Wed oo (§iludanS
6‘)_"[ = 0N l_’ JOLU Comw 4 u“l'“‘ﬂ o po
3l ool wl Jdo an 0g il o a3 lai o ol o
el aio Vb 5 ol )0 oglite (50 Ll o
aalys (SLSy polie JBa 5 copn g 2 ln
Goladoy cpgz yo oS olows ulul (pl p.cls
dalgz ‘_g).;.:i.: aS gilwosly 4o g 0g dales olgds
5 531 90 lm 1y silwan s mls ) S clls
Hlad ol s ams e lis Loyl e avslie
) & 5l calizes alold g0 )5 (05l ) ouudsjlwigs
L S pals og shs ué sae g0 canlin (g o0
48,5 1,8 oolatwl 8y90 S ol o T = VFY lade
3,5 o odalin S5 ;0 a8 bl o ool
s 5 e S i Sils b 5|
ol 00 Cl'>9'c‘

% Burger
* Texas Code

el | Gz 2 Gl s s B G g loj T tamis
&5 @b Bl eSS ke Aol o Sk
Sl 8,95 5 O )le 2 cl; B b g cunl (L)
'S5, = ol S - Bl s 5 eslinad L [V0)]
lios Cows 4 alal) 51 Shee ol V5]

0 ==/ lfi - £ {p)
el Jolss Jlafe Caow 4 idaly e Slos
GilodinnS ol mss5 @b Jolas e 2T lade
Mo AL o 99 (g3l (nl yo oolittul 550
ool 6, NS AL DYQY (55! L ol o 48 el s us

J)L;o wét\)\ﬂ éLb.)‘) )‘feq ;J‘ u.:l LS‘)J Cwl

vUu.c; A vd'
+ - ™)

Cg YCS YCS

P 5 asile Su98tws Sl sl prite Glg5 o0 Yl
=59 B 69y G S el LU 0)8 ey g

:Q)gT wéb&jf Jaa‘j) )l QI)Q
p=zﬁ. (f)

pii= ) G @

i

ﬁeq =ptl \ +

oo oy b 09l o0 pitin )0 5o a5 (anee
L olsSoe ) (i (aj95mg) corjl 09,5 oo
75l ol Co i aeo oo lid a5 £ adayl) 5l ool

[\Y] Q)BT Cawd Sl

\ \
v =c <T—;> *)

2 b s LT wsl So8 Flesse a5 Ka s

Sz gl bl Sgd oo 485 Sl pl 2]
V5l SSeasS gl slasae (LS
FB pejide —aSb b (Ggo slaglis luancs
Lyl sl 0,5 00,00 b Vo] s ool
oadive alols Sl ey sl alSis 48 zge
08,8 b s ol V0] ws wales zlagel ol

! 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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