55 6 2006 6
1000-3290/2006/55 06 /2809-06

ACTA PHYSICA SINICA

Vol.55 No.6 June 2006
©2006 Chin. Phys. Soc.

2005 10 30
Khokhlov-Zabolotkaya-Kuznetsov KZK
- Tsyma
PACC 4325 4335 4337
1.
B
=20 90

High Intensity Focused
Ultrasound HIFU

65°C
HIFU
HIFU
HIFU
HIFU
. Moros Rayleigh
6
Khokhlova KZK
* 10474044

. E-mail xzliu@nju. edu.cn

210093

5 Madsen

Yang
KZK

I SATA

HIFU

KZK



2810 55
o [oP oP aQP) 1 h = 120mm
aT(aZ‘N or ~Aop)=gsk 1 12 T v
p=P o 7 b=10mm. 2 1b
Po X7
:i X:i Yzl X [ = 20mm
74 a a
Z Z,=ka’l2
Rayleigh k a
Z4 ,&ugazpo
=wrt T=1t-2zlc N = =
0 Z, 203100
bew @ > &
A_azd_403p0 AL—ax2+ay2 N A
Zn = C(S)(O()/
[wo po Wy
©o Co
B a b
P
PXYZT = > C XY Ze™ 2
2 1 KZK
aC . «©
S5 = 3N Gl - AnC,
k=—o 1 a 1 b 2
_i(az c, o C") 3
T 4n o T 9y’
Z=0 3.
C,=C =05 VX+7Y <1
C,=C =0 VX+7V>I1 4 3.1
Cfn = C72 = CZ = Cn = 0
3 Z p = 8900kg/m’ ¢ = 3900m/s
Xy 0.917 X 5
- predictor-corrector LY
Brian-ADI Xy 10mm Z Imm
X Y
n Xy ) X
+1 ) Y X
n+1 n 120mm 25°C 0o =
n+l 1000kg/m’ co = 1500m/s B =
+1 3.5 IMHz a=2.533%x10"7/m b =
2 4.33x 10 'kg/s m’ .
1
3.2.
la X Z



6 2811
2
o
iR
T
o
» LOoF; ] » ]
£ 0of ' £ -
i 0.4 i 4
o 0.2 E o h
0.0, . " . . . ] 1
75 100 125 150 175 200 235
i 1.0 '(Ib) ) " . L B — ]
ey 0.8} MA;& - fl‘ﬁﬁ%ﬁ@?ﬁﬂﬂ% ]
SN 06 R A SR A 2L ]
T 0.4f ﬁﬁfﬁ“ - SEEGHIZR 1 4
75 100 125 150 175 200 235
277 M BB /mm
i ]
2 1 a ,
=S
b | b
o ]
P R
§oep % = 4 0.
T0.4f BERIE — BN g o6l ]
m 0.2} D RSN B ] S 1 ]
" o.0f, L, - KRl N T oozl ]
75 100 125 150 175 200 225 ool ]
1.0 -40 -30 -20 -10 0 10 20 30
ﬁ 0.8 v Fi i/ mm
0.6
X
0.4
Jir[ 0.2 5 2 50mm Y
0.0 . ] a b
75 100 125 150 175 200 225
z 77 M #E % /mm
3 2 a + 10mm 6 b
b
4 5 1 2
50mm Y 3.4. -
Y
- ]S/\T/\
3.3. -
S
° Toupn = 1 .Z]'i x ds
50mm sATA =g SPTA Y
S n
. 1
A SPTA = Pi,

2pc,



2812

55
. 0.65 . . ; ;
ZiEE (a) = Hh
0.60 wiﬁ 1
B 0551 8
= 8
E N 050t 1
&5 11 0.45F ]
= 0.40 F ‘\AM 1
0. 35 L L L L
120 140 160 180 200 220
-20 0 20 T T T T
x Ji M/ mm x A/ mm 0.6 -(b) .\.\l\.‘. T
e o5} DU
0.2 0.4 0.6 0.8 1.0 ﬁ oal A B
(b =
‘ B _ IR Jﬁ 0.3F .
' = o2t A\‘\‘M .
E 0.1 s - : -
E 120 140 160 180 200 220
E 2 7 B /mm
7 a 1
-20 0 20 -20 ) 20 b 2
X FT R/ mm x F M/ mm
H
0.2 0.4 0.6 0.8 1.0 4
6 50mm a
1 b 2 4.1
n p/l n 8 .
7a b 2 Agilent 33250A 1MHz
- 10ms 30
- ENI A150
, T Panametrics v302 25. 4mm
I SPTA = Ji
0 1MHz
I, = ﬁ NP1000 NTR SYSTEM INC.
2pe XYZ
7a 0.1pm ESP7000 NEWPORT
Agilent 54810A
1
10mm z = 130mm 32% . I Yo =y S L
z = Agilent 33250 A
210mm 21% . 2 e
— BB
b N AR (Agilent,
(ENIALS0) | || i s8 Ky 54810A)
| Panamed | B || p1 000 L)
trics B NTR
7Db z = 130mm 1MHz SYSTEM
65% z = 210mm

67% .




6 2813

4.2,
4.2.1. 5 2
2 1
160mm Y
4 5
3 2 5.
KZK
1
2
135mm
140mm 1 1
HIFU . 2
HIFU
4.2.2.
4 1
2
ISATA
1 WuJ R Chase J D Zhu Z M Holzapfel T P 1992 Ultrasound in 6 Moros E G Fan X B Straube W L 1999 Ultrasound in Med . &
Med . & Biol . 18 495 Biol . 25 1275
2 Hill CR Rivens I Vaughan M G ter Haar G R 1994 Ultrasound 7 Khokhlova V- A Souchon R Tavakkoli J Sapozhnikov O A
in Med. & Biol . 20 259 Cathignol D 2001 J. Acoust. Soc. Am. 110 95
3 Clarke R L ter Haar G R 1997 Ultrasound in Med . & Biol . 23 299 8 Xue HH Liu X7 Gong X F Zhang D 2005 Acta Phys. Sin. 54
4 Curra F P Mourad P D Khokhlova V A Cleveland R O Crum L 5233 in Chinese 2005
A 2000 [EEE Transaction on Ultrasonics  Ferroelectrics — and 54 5233
Frequency Control 47 1077 9 Qian SY Wang H Z 2000 Acta Phys. Sin. 50 501 in Chinese
5 Filonenko E A Khokhlova V A 2001 Acoustical Physics 47 541 2000 50 501

10 Zhu XF Zhou L Zhang D Gong X F 2005 Chin. Phys. 8 1594



2814

55

11 Yang X M Cleveland R 2005 J. Acoust . Soc . Am . 117 113 Coal Industry Publishing House  in Chinese
12 SunNZ lu X X Li J S 1982 Numerical Solution of Partial 1989

Differential Equations in Science and Engineering Beijing China

Influence of the barriers on the ultrasonic nonlinear
field distribution”

Li Jun-Lun Liu Xiao-Zhou' Zhang Dong Gong Xiu-Fen
State Key Laboratory of Modern Acoustics — Institute of Acoustics ~ Nanjing University ~ Nanjing 210093  China
Received 30 October 2005  revised manuscript received 8 December 2005

Abstract

Based on Khokhlov-Zabolotkaya-Kuznetsov KZK  equation in frequency-domain an approach to study the three-
dimensional asymmetric nonlinear ultrasonic field is developed in this paper. The ultrasonic nonlinear field distribution behind the
simulated rib-like barriers is investigated by numerical simulation and compared with the measured results. In addition

influence of the barriers on the spatial-and-time-averaged intensity is discussed which is helpful for future study on the HIFU

treatment behind the ribs.
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