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1 Ú ó

�Xó��p�uÐ, ó�Ú)¹ÀYü�þ
���O�, Ó�?\YN�kÅÔ�êþÚ«a
Ñ3:ìO\, E¤
Y]�îÀ/, éu@

¹kpÓ5�Jü)kÅÔ�¢Y, DÚ�)Ô
?n®ØU÷v?n�¦, Ø�Ø�ÄÙ¦�?n
�{. p?�zEâ´ 20 V 80 c�uÐå5�
�«^u?nJü)kÅÀ/Ô�#Eâ [1]. �
�`5, U
�) ·OH �ó²Ñ�±8\p?�
zó²��Æ, X�Åó²!�(Å�zó²!Ï
��zó²!>zÆó²��. �épßÝ!õ
|©!Jü)�ó�¢Y, üÕ¦^þãp?�z
ó²�, �)� ·OH �ßÝ��Øp, �k���
{´òù
üÕó²|Üå5éÜ¦^, ±�)
pßÝ� ·OH 5\�kÅÀ/Ô�©)�Ç [2].

�(Å�>zÆ�zó²�|ÜÒ´Ù¥�;.
�L.

Dut� [3] ïÄ
YM�¥�Ä���(
�>|ü). (JL², �(��>|�ÍÜ�
^��Jp
�Ä��ü)�Ç, 3>Ø 10 V

^�e, �Ó�^�ü)�Ç'{ü\Ú�^�
�Çp 1 �±þ, ²L 30min �Ó?n��±¼
� 93.8%��ØÇ. 4·� [4] ?1
�(>zÆ
?n</¢Y�¢�ïÄ, (JL², �(Å��
>|��Ó�^��Jp
øÚÇ, 3�Z^�
e?n 60 min , ÚÝ�ØÇ�� 96.0 %. Trabelsi

� [5] æ^pª 500kHz �(Åé�¦?1>zÆ
ü), 10min �¦�ü)Çp� 95%. De Lima Leite

� [6] |^ Pt >4é 2,4 �àÄSE��?1�
(éÜü), (JL², TM��ü)Çép. é
þã¢�(J�)ºÊH@�: üX�>){?
nkÅ¢Y, kÅÔ3>4þ��z½���, ¬
3>4L¡/¤��àÜ�, ��>4¹5eü
$��¹. �(Å��z�^k|u9��W
>4L¡, Jp¹5>4�L¡È, ��±°Ø
>4L¡í�, �±>6^|ÏL>4, Jp�
lf�Ò4�£Ä�Ý, l\r
kÅÔ�ü
)Uå. ù«)º�´�â¢�(J, �"yn
Ø�â.

y®��, �(Å?nÀY, |^�´�(�
z�A, ÀY?n�J´d(|¥�z��$Ä
A5¤(½�, ÏdïÄí����A5, ´ïÄ
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í�´Ä�z����~�Ï�. Â�� [7,8]

ïÄ@�, XJékí���N¥�\>|, K>
|��3¦í��$Ä1�u)Cz, Ó�í�
��3�¦±��>|©Ùu)Cz, cÙ´�
í� (�»� 1 mm) ��3�´ù�. �©l�
z�����§XÃ, &?�(Ú>zÆ�zó
²éÜJp(>�zü)kÅÀ/Ô�å»Ú
�{.

2 êÆ�.�ê��{

2.1 ���zzz���ÄÄÄåååÆÆÆ���§§§

�z�3(!>|�^e¬u))ä!Â
 !�$�y�, Ó���k9���Ôny�!
zÆCz�u), �
ïÄ(|Ú>|¥�z�
ÄåÆA5, �.æ^±eb�: 1) �N0�S
Ú�z�L¡vkgd>Ö; 2) �N0�Ú�z
�SÜ�0>~êÑ´þ!�; 3) ØO\�z�
$Ä���NË�(Å�3�Ë�{Z�; 4)

Ø�Ä9��!�N�ð��C!íN�þ�
�9�S�zÆ�A. (|Ú>|éÜ�^e�
�z�����§æ^{ü� Rayleigh- Plesset

�§ [9]:

R∗R̈∗ +
3
2
(Ṙ∗)2 =

1
ρ

[
− P∞(t∗) + Pv + Pg

×
(

R∗
0

R∗

)3k
]
− 2γ

ρR∗ − 4µ

ρ

Ṙ∗

R∗

− 3(1 − q)
2(2 + q)

ε

ρ
[E∗

0(t∗)]2, (1)

Ù¥�L�ª¿ÂXe:

Pg =
2γ

R∗
0

+ P0 − Pv + ε
3(1 − q)
2(2 + q)

E0, (2)

P∞(t∗) = P0 − PUS, (3)

q =
εin

ε
, (4)

R∗
0 � � z � � Ð © � », R∗ � � z � ? ¿ �

� (t∗) ��», Ṙ∗ ��z��»�CzÇ, R̈∗ ��
z�óÄ�Ý�CzÇ, P0 ��¸Øå, P∞(t∗) �
Ã¡�?�Øå, Pv ��N3,§Ýe��ðØ,

Pg ��S�íNØå, ρ ��N��Ý, γ ��N
�L¡Üå, µ ��N�ÅÝ, E∗

0(t∗) �>|rÝ

��m�Cz, E0 �²þ>|rÝ, ε ��N�0
>~ê, εin ��SíN�0>~ê. k �íNý9
�ê.

� 
 B u © Û, ò (1) ª 8 � z ? n, � Ù
A�� [9,10]

lc = R∗
0, tc =

(
ρ(R∗

0)
3

γ

)1/2

,

Pc =
γ

R∗
0

, Ec = E0; (5)

R =
R∗

lc
, t =

t∗

tc
,

P =
P ∗

Pc
, E0(t) =

E∗
0(t∗)
Ec

. (6)

ò (5) ª²L�©?n�\ (1) ª��

RR̈ +
3
2
Ṙ2 =∆P +

1
R3k

[
2 − ∆P

+
3(1 − q)
2(2 + q)

W

]
− 2

R
− 4

Re

Ṙ

R

− 3(1 − q)
2(2 + q)

W [E0(t)]2, (7)

(7) ª ´ Ã þ j z � � z � 3 > | Ú ( | ¥ �
$ Ä � §, Ù ¥, ∆p =

R∗
0

γ
(Pv − P∞(t∗)) � Ã

þ j (Ã Ï g) � Ø å �, ∆P =
R∗

0

γ
(Pv − P0),

Re =
(ρR∗

0γ)1/2

µ
�Xìê, W =

εR∗
0E

2
0

γ
�>

�Ëê. E0(t) ���mCz�Ãþjz�>|
rÝ.

2.2 êêê������{{{

3äk±Ï5	ÜUþ|��^e, í��Ä
åÆ1�Ly�´��5$Ä, ù«��5�§�
)3²LÐ©�ã�6�L§�, =���½�
/ª [11]. �
©Ûù�½/ª, �©æ^��5
$Ä�©
ã5ïÄí�3>|Ú(|�^e�
$ÄA5. �d, éÃþjz��§ (7) æ^ 4—5

�9� – ¥©{?1ê��[, ïÄ�ö�ëêé
�z�$ÄA5�K�. Ð©^�: t = 0, R0 = 1,

dR/dt = 0.
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3 (J�?Ø

3.1 >>>|||���^̂̂eee���zzz������$$$ÄÄÄAAA555

í���5$Ä´3äk±Ï5	ÜUþ
| � ^ e � Ä å Æ 1 �. b � Ã þ j z � > |
U E0(t) = 1 + E cos(ω1t) 5ÆCz, Ù¥ E �
Ãþjz�>|rÝ, ω1 �Ãþjz�>|ªÇ,

���z��$ÄA5Xã 1 ¤«.

ã 1 > | � ^ e � z � $ Ä A 5 (a) E = 0.3 (b)

ω1 = 1.0

ã 1(a) ´3 E = 0.3 �¹e��z���»
�>|ªÇCz�A5ã, ã¥L²�z��$Ä
G�¥y�´���©
A5. �ö3©z [12]

¥�[©Û
�z��$ÄA5é�z?n�J
�K�, �Ñ��z��$ÄG�?u±Ï� (L
²�z���z���	-y±ÏEÑy�g,

,�±E©) A5�, �zØ�Uu); ��z
�$Ä?u±Ï� (�z���3ü�	-y±
ÏSâ¡E�G, ,�±E©, Ù¦G��da
í) A5�, Øì���zm©u)
; ����

z�$Ä?u·bA5�, r���z®²u)

. Ïd, 3|^�z�AékÅÀY?1?n
�, �z��$ÄG�7L?u·bA5. ã 1(a)

w«, ω1 > 1.173 �, �z�?u±Ï�$ÄG
�; � 1.05 < ω1 < 1.173 �, �z�?u±Ï�
$ÄG�; 1.027 < ω1 < 1.05 �, �z�?u±
Ïo$ÄG�; 1.022 < ω1 < 1.027 �, �z�?
u±Ïl$ÄG�; 0.978 < ω1 < 1.022 �, �z
�?u·b$ÄG�; � 0.972 < ω1 < 0.978

�, � z � ? u ± Ï n $ Ä G �, � 0.962 <

ω1 < 0.972 �, �z�?u±Ï8$ÄG�; �
�� 0.9 < ω1 < 0.962 �, �z�q?u·b$
ÄG�; w,, �z��$ÄA5¥y�±Ï©

A� [13]. l���z�$ÄG��A5ãþ
��, �z�?u·bG�e�>|ªÇCz�
�éÄ.

ã 1(b) ´3 ω1 = 1.0 �¹e, �z���»
�>|rÝCz�A5ã, ã¥L²�z��$
ÄG�¥y�´���©
A5. lã 1(b) þ�
�, � E < 0.25 �, �z�$Ä?u±Ï�$ÄG
�; � 0.259 < E < 0.284 �, �z�$Ä?u±
Ï�G�; � 0.284 < E < 0.29 �, �z�$Ä?
u±ÏoG�; � 0.29 < E < 0.293 �, �z�$
Ä?u±ÏlG�; � 0.293 < E < 0.311 �, �
z�$Ä?u·bG�; ?�ÚJp>|rÝ�
Ì��, �z��$Ä¥yÑ±Ï�$ÄA5; 
� 0.324 < E < 0.331 �, �z�$Ä?u·bG
�; l���z�$ÄG��A5ãþ, ��, �z
�?u·bG�e�>|rÝ�Cz��Ó��
´éÄ.

d d � �, X J ü X Ï L > | � å » 5 J
p � z é k Å À Y � ? n, K d u � 3 > |
r Ý Ì � Ú ª Ç � N � � d Ä, ? n � J é J
�y.

3.2 (((|||ééé���zzz���$$$ÄÄÄAAA555���KKK���

�â (7) ª��, (|rÝ� ∆P k', b�
(|rÝU ∆P = ∆P × (1 + p sin(ω2 × t)) 5Æ
Cz, p �Ãþjz�(ØÌ�, ω2 �Ãþjz�
(ÅªÇ�. ���z�3(|�^e�$ÄA5
ã (Xã 2 ¤«). ã 2(a) ´3 ∆P = 1.5, p = 0.155

ëêe�z���»�(ÅªÇCz�A5ã, ã
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¥L²�z��$ÄG��¥yÑ���©
A
5. ã 2(a) w«, ω2 > 1.326 �, �z�?u±Ï�
$ÄG�; � 1.203 < ω2 < 1.326 �, �z�?u±
Ï�$ÄG�; � 1.184 < ω2 < 1.203 �, �z�?
u±Ïo$ÄG�; � 1.176 < ω2 < 1.184 �, �z
�?u±Ïl$ÄG�; � 1.013 < ω2 < 1.176

�, �z�?u·b$ÄG�; w,?u·b$Ä
G��ªÇ���´éÄ�.

ã 2(b) ´ ω2 = 1.155 ^�e, �z��$Ä
G�ã. lã 2(b) ��, �z��$ÄG��Ã
þjz�(ØÌ��O\¥y�ª©�A5. =
� p < 0.1442 �, í��$ÄA5¥y±Ï�$Ä
G�; � 0.1442 < p < 0.1507 �, í��$ÄA5
¥y±Ï�$ÄG�; � 0.1507 < p < 0.1523 �,

í��$ÄA5¥y±Ïo$ÄG�; � 0.1523 <

p < 0.1527 �, í��$ÄA5¥y±Ïl$ÄG
�; � 0.1527 < p < 0.1562 �, í��$ÄA5¥
y·b$ÄG�, w,í�?u·b$ÄG���
�E,édÄ. ÏdÏLé(|rÝÌ�Cz5(
��z�$Ä?u·bG�, Ó��´éJ���.

ã 2 (|�^e�z��$ÄA5ã (a) p = 0.155; (b)

ω2 = 1.155

dd��, ØØ´>|�´(|, XJ§�ü
Õ�^ukÅÀY?n, �3XªÇÚrÝÌ��
N�mk�, éJ��¦�z�$Ä?u·bG�,

Ï?n�J�ÒJ±���Ð�Y².

3.3 (((|||���>>>|||���éééÜÜÜ���^̂̂éééííí���$$$ÄÄÄAAA
555���KKK���

ã 3 ´�z�3>|Ú(|éÜ�^e�
$ Ä A 5 ã. ã 3(a) ´ E = 0.3, p = 0.155,

ω2 = 1.155 �ëêe, �z��$ÄG��>
|Ãþjz�ªÇCzA5ã. lTã¥Cq
��, � ω1 > 3.11 �, �z��$Ä3é��
��S (ã¥���Ù¥�Ü©) Ñ?u·b$
Ä G �, � , 3 ω1 C q � 6.0 ? Ñ y © 
, �
�z��1�E,Ly�·b$ÄA5. é'
ã 1(a) ��, (|��3, �±¦>|�ªÇ3
� � � � � S, ÷ v � z � © ª ? u · b $ Ä
G�.

dã 3(b) ��, 3(|ëêÓ���¹e, �
>|ÃjþªÇ� ω1 = 4.0, E < 0.015 �, í
�$Ä?u±ÏoG�; � 0.015 < E < 0.032

�, í�$Ä?u±ÏlG�; ��3 0.032 <

E < 0.206 �, í�$Ä?u·bG�. ��í�
3 0.206 < E < 0.246 �, ?u±ÏnÚ±Ï8G
�; � 0.246 < E < 0.684 �, í�$Äq?u·b
G�. é'ã 1(b) ��, (|��3��>|�Ì
�3�����SCÄ�, �z�$Ä©ª?u·
b$ÄG�.

dã 3(c) ��, 3>|ëê E = 0.3, ω1 = 4.0

±9(ØÌ�� p = 0.155 �, (ÅªÇ (ω2 > 1.5)

3é���SÑ�±¦�z�$Ä?u·bG
� (ã¥���
�Ü©), §L²>|��3, k|
uJp�z��$Ä?u·bG��(Å�ªÇ
��.

dã 3(d) ��, 3>|ëê E = 0.3, ω1 = 4.0

±9(ªÇ ω2 = 1.155 �, �(Ø p < 0.375 �,

í�$Ä?u±Ï�G�; � 0.375 < p < 0.376

�, í�$Ä?u±ÏoG�; ��3 0.376 < p <

0.555 �, �z�$Ä?u·bG�. �,3þã
ëêe, �z�$Ä�·b��¿Ø°2, ��
éuã 2(b) 5`, ·b«���*�
 10 �õ
�m.
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ã 3 >|Ú(|�éÜéí�$ÄA5�K� (a) E = 0.3, p = 0.155, ω2 = 1.155; (b) ω1 = 4.0, p = 0.155, ω2 = 1.155;

(c) E = 0.3, ω1 = 4.0, p = 0.155; (d) E = 0.3, ω1 = 4.0, ω2 = 1.155

4 ( Ø

�©±�N�0�, é>|!(|�^e�z
��ÄåÆA5?1
ïÄ. ïÄL²: >|Ú(
|üÕ�^u�z��, ªÇ��^¦�z��$
Ä?u�©
A5, >|Ú(|rÝ¦�z�?
u�©
A5, �§�Ñ�3�z�$Ä�·b�

�dÄ�6à, Ø|ué��ëê�N!, J±÷
v�zy��u). �>|Ú(|éÜ�^�, �
z�©ª?u·b$ÄG��ªÇ��, ØØ´>
|ëê�´(|ëê, Ñé°2, ùk|u��ë
ê�N!; ¦�z�©ª?u·b$ÄG��|
r�Ì���, �éu>|Ú(|üÕ�^5`,

�,������Jp, �E,k�, A\±5¿.
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Dynamic behavior of a cavitation bubble in acoustic
field and electric field∗
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Xi’an 710062, China )
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Abstract

The dynamics of a cavitation bubble under acoustic field and an electric field is studied by regarding liquid as a working medium.

The effects of the dimensionless frequency and strength of acoustic field and electric field on cavitation bubble dynamical behaviors by

Rayleigh-Plesset equation are numerically investigated. The results show that when acoustic field and electric field are combined, chaos

area range of cavitation bubble motion is larger than that when only acoustic field or single electric field exists. This is of significance

not only for further research of acoustic cavitation but also for enhancing and improving the cavitation degration of organic pollutant

technology.
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