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Analysis of cavitation performance and vortex behavior in Helmholtz cavity under ultrasonic

vibration boundary
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Abstract:To improve the working ability of Helmholtz self-excited waterjets, LES was used in the flow of the cavity using
UDF dynamic grid-driven ultrasonic focusing vibration boundary, and the reliability of the model was verified by comparing
the simulated and experimental values of the outlet pressure.The study explored how external ultrasonic vibration and varying
frequencies influenced self-excited frequency, velocity, and cavitation. From the perspective of energy conversion,the reason for
the enhanced shear characteristics inside the chamber is revealed.The vapor phase distribution in the lower chamber under various
conditions was compared,and the jet performance of each section of the jet structure was analyzed.Explained the development
process of periodic vortex structures under ultrasonic excitation.The results show that when the ultrasonic excitation at 25 kHz
compared to ordinary jet,the natural oscillation frequency soared 3.14-fold, main frequency and amplitude became more
pronounced, though jet speed marginally decreased (1.89% ) . Higher excitation frequencies didn't significantly curb speed. The
ultrasonic excitation holstered energy transfer and vortex feedback , intensifying shear and raising vapor phase content (0.5 < y/r,
< 0.81) in the outlet. The ability of self-excited oscillating cavitation waterjets can be significantly improved. The research results
can provide theoretical basis for the application of Helmholtz type self oscillating jet.
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WiEEEE: 2024-04-10 fEEBHE: 2024 -08-06
HEWB: ERARPHARESHETH (51706161) 3 HERGA B ARG H (ZDKJ202015)



42 FLUID MACHINERY

Vol. 53, No.2, 2025

0 35

AR 5 SR DO A e AR LR
1o S DL AT P TR A B RERI R
BV L 2 25 I e — SR
4 1 IR 7 A e A A, SR T A N IR AR TR
W ZUR BT UL, i T IF IR 30 - Z ke AT €
HE, FARAE BT Y2 A BN S HOR 1 F e 1
e 75 i B U1, (o G s = AL T T o R 1Y
PR AR IS B RE R RS S, 7 AR SR
TR . I AR AR th T R ™ B SR
AT AR S, SRS AR, 25 2R 15t
TG G, B BRI RE R, B0 20 A
sRgL kit LOABENEYE SRS E T

ARz AL S A5 SR AR E Az (P e
[ A7 e DI 3R B NS H B i O 1
TAEZ BRI TS TR SR AL . D Tk
S, EIRE A 2SR AT A
PRI Hh A ARG 286 38 3R T 6 M VO 5 DPML
RLEAT (5 AR, A5, SR A 1 ity
SR WETE RS DU R
B, A T F O UK R R
KRG A A R EA T 20 A, WA 1 Bk ™
AERHLEE . SRR, fE s TAE R R T,
M ok s R A

TSI P A R U T AR B AR
PRI T 7 A A P S A BBONE, TR AN B T 8 25
ST B[R 7 A B 2 25 A0, B TR TH5
TLAETT o [ PRGBS A B 1 iR S A
SESR T RE ST, B R S R LT TS
A RIS, SCe S SRk T S T A
e Ry f e Ve s A DL i S SE
PR VA ) 2 05 DR R P s MR i A B 4
BUHES T S S B AT, X 2 2%
WA G 1 7 37, DA R R AR 0 2 A i B s
WS AR A BAT IE [ S0, HLI A7 e SR A
IFRAS 2GSRI IR A, TR VO e Ik KA
P PR AR Bl B o8 i T A RIBER AR S i
RO E, T IE S TR EIRS T b
TEIRG N R S A3 AR AE . TR IG5 7 34 e T
P BRI R, Bk 1B s A RE TR
JERLUR PRI B RE , M4 T RS I i DT
Ay R USRI AT SR R 41 sl B B R
T B AR R AR BRI, 45 ST A F Y

il

A g1 R R A A7 P D B b sk 5 10 A Wi i
WL it Jon R P S R A T, R T R iR Bl T g
WELSI S EEA T TR G B A5 R R AR
TRIUBI 38 (749 38 A 55 i o T AN ik Bl 3 5 . ZHONG
A 120V e sy T K P SR I 2 O ) S
BE, G ER, KT SR S A A
R il (4 PR G R . BAT 251215 b 5
bR T AR 25 IR A8 1 25 A S AE 20 kHz #
A FTE A, T 0T TR S A A%
J5. BIASIORI-POULANGES %5 [ 2455 5500
T SRR DGR, B T RS 45 A ke rh 23 (e S
YT A R R B VR AL

ZE LRk, BT BRI IR R 2 i E =5
AR BRSS9 T, it R P A ==
A1 Bl ISR S AR, o ARV R AR R A
AN, AT TSR RE 7, AR 52BR Tl 37 5%
17, AR P il B BRSPS A A 1 &
Ze iR LA PRI 2 R D R S I A i
RESJ BT FRAF &, 4 X P i B T
i N ER IR SR R 2 e v S s AR RICR P E TR AL
PR GRRD . ELAAOR U, ELAS AR IR A 7 Ui
5 et SR R PR IR 1 1 2 1Y) [ AR 3 ) A E A
EALHIA 738, LG 7 5 i s 2= P 55 D2 T
XTI TE — 25 AU VE P B2 ma AL, S5 2 AR T
SERIESE 7 ] .

ARSI ST AAR B 2 i B A B AR AL
R A A 2 R 2% S ) T AR I BT,
5% 1 IR Bl N S AL RS2 AL, Atk — 2P
R EEVERT ARG IS NS A sh b1
HEAT T HENSIRER , T A R e 1 BA
—E W FRE B SCR T A A

1 HEERMBES %

1.1 AR B SRR ek
1.1 PPRARUF o A A
B 1 7s 2 0 LT R R
L . L

L,

Q

Q

l
EHAT 5
E A 1 Lo i
EAN_ . .,
ey Wﬁi%%ﬂil|%i Hir
T T R

BRS¢ e

Fig.1 Parameter annotation of model



GEMISC, A R RENTAT Z AL A S A VERE S T o AT 43

1IN S8 AR i
A B IR 3 57 T 1 2 2, iy i o i
XHESR I PO 2k e AR A G IE 5
PRIE AN, TAAE I A 28 2ed i 7 3R s 1 P s
g2k

®1 BEESY

Tab.1 Geometric structure parameter
28 Bl
FiERE AL EHA d/mm 2.6
PIINIEE FAE do 0.5d,
TR E EAR 1.2d,
B D 4d,
e L 3d,
VR Ly 2d,
TUFRIEREE L 4d,
Peshim = AR S/mm 10
iAo/ (°) 60
BERIREMB/(°) 25 11.77
FEH F/mm 12
PR 42 R/mm 2.5
wWE 1 s, FEfE R B EE 1 5.8 mm BHE

JLEN L, ITE X DT AR R 6 250 2 mm
RO WEIIER , Ay 22 A IR 1~6 , N A2 BRI ETT .
] R R HE R AR 5% B o5 O3 X3k

TAES BUAPRUEIRIL F K FUKZE SR, B
TEXUMA TR 138 1.0 MPa, A FRE RS R
298.15 K Rl H 7 Fnife KSR s BETR A TG
R A RN 343.15 K,
1.1.2 SRARKRHE

LS QN IR TRSIB NS R TP L X VR
173K M, b, Smagorinsky MV 455 Y A] {ifi ] fi
R s zhJ7 ] 1224

J& 7 - RS BOSKA#R ) SIMPLEC 3.3k,
T Mixture P AH Ji B8, 25 AE A5 Sh Schnerr—
Sauer F&4

TE2S () B R D, B RS S de /N — 3R AT,
1o ZBhs B, B R R ] B e =, ik
BRI 1070, A TR K B AR Sh
PR S 110, D5 E LRI R 0.1 s,
12 AT UDF 9 R EHxRAHLFR

SR AR SIASALL A P 5 R 245 114 1 Fo, Pl s 3R T
KRR ILIEN ., 2 Hb AP A e LR
(UDF) 5 X3 ks , i3k ik Sz ik is sh 2
B A AR I SR AR BN 2 IR B AR T B
A FHEIE = N R BT D

SR AR 2 1 oy BE AR E 5 R Sl iR

10 pm Q01 2 7R, RGO E RS 8l SR W R AR
AR R IR AR S R AR 0L B, LA RO
Pzl iz shiE X2 4EF M, N PSR E 75 3)
H PR Rk, ) TR (RRIZR) FTLEld Ry, 0]
J5 IR (L) FIAER Ryo G ISR Z [R]
AR B BRI IR BN T 7

Y B T

_________ N, AREEAR
AT | AT
|

fyo” Bl B R0 — 1)L BrER.0)
‘‘‘‘‘‘‘ { ﬁﬁﬁ:}jﬁijj%@ﬁ?fﬁﬁ“""“‘“«- /,
BIEF W

K2 BRI

Fig.2  Principle of cavitation focused ultrasound
EKHJL{EI%%\%D Ri<Ro<R,, *’EEJL‘ Ri. Ry &
Ry (RS AL AR BRI AR DG e
2 ) 172
x =(R1 -y ) +Rocos(ﬂ /2)
1”2 (1)
[ Rt - R} sin* (B12)]
o=(5 )" o
Xy = (R22 —y? )1/2 + Rocos(ﬁ / 2)
12 (3)
- [Rzz — R3sin? (,B / 2)]
Ry 5 Ro FEEE2EMH Awy HHRANTT

1
1
1
1
I
1
!
bl
&
Py
@“E
K<F
o
=
e

Axy = x9 — 3 (4)
Ry 5 Ry B 25MH Axy THEXUT .
Axy =3 — % (5)

KA Ry MRy J  REUR BhTETAE X 5 ) %€ 1Y)
REAZ BN TRT s 128 Sl 1 RSP Y- 5 PR 252 PR
B, RN -

x=(R02 —y2)1/2 +%(Ax1 +Ax2)sin(27'cft) (6)
1.25r-

—

Te 1.00F
£ 075}
Ly
N
@ 0.50
+=
j==d
= 0.25

0 1 1 1 1 I
0 0.1 02 03 04 05

i S ) /ms
B3 RBNIETAT 1 mm 20
Fig.3 Velocity at a position Imm in front of the vibrating wall
1.3 PR 5 e A gk
N TR IR 2= N B SR, PR IEXT R
ARSI FFIT A BT VIR0 5 Z 8 N




44 FLUID MACHINERY

Vol. 53, No.2, 2025

PRSI TIPS B W A po PITAEA HE 10 LAl X))
PRI BEAT I AL B, 151 4 75 HE ] 1 A R ERAE X
Sl r AR AR AR A

Bl 4 flfdE i b SR s
Fig4 Local grid at the boundary layer

DA PR3 BEAE D F AR R T RS oo
K, A5 RN 5 Fro , 5 A S0 1 60.24 J7 LA
B SRR S AR, R TSR B T
K i 0 3 A s = R AR 8, TRIASE, A
eGSR R R IR S S EOTRUARBL, L R
TR RSLADLXT A ot f A K, e 2 i AR K
124 7 BEIH y* {HAERFAE 1| 247
350
345
340
335F
33.0F

325F

320
31.5F #203452

2I0 40 6IO 8I0 l(I)O liO
DA% itk (x 10
K5 kS oG HESIE
Fig.5 Grid independence verification
Kl 6 R E K L=4d, B, A A BT 5t
i CFD T 5 FANG % 1) FE I3 iR 7 i 30 (i
Z IR RS HEA L, Horh e KR 22N 9.756% , -3
DRZEN 7.816%, % IERAMII N — 405, NI
BRI 07 16 B — e ERA L

40

794321 1245241

554 624w 602489 1001215

e Jo P B (m - s7)

—— i
——CFDfH

351

3.0

H R J1/MPa
[\ o)

1 1 1
30 25 20 15 1.0
A JES1/MPa

Ko HAILIE
Fig.6 Model validation

2 HBREHM

MO T 20 kHz N8 TR I, Hofg
TEN AL O SN B AR, 77— R 1R
N o AR S A BEER XS AE 1) 4 A i T U
ST, B A = T R T s A A

T AR sl A 1 5 32 Sh AL Y & 2,
FE 2 PIERAL T i TR A IR B AR Ak
JEIZN ., A0 A 30 kHz B, S ARETH A RE e 1
B —ATER S RISk 10 B b fE T
ARG IR B AR B = 7 oy 2 — OBl
PR A 255 AR ) At B3 o, PRI, e xt
20 kHz 11 25 kHz BRI 25 0F 5 0300 T s =
PERIR S HEA T AT
2.1 JEE ABRADFAE

B 7 Ca) 7 S [RIORN 25440 i 1H g s
po MUALHRE RSN B Bt 2 . AR, B T XU
FEHE , 2 AT O, S 800 = N R R i
SER B A BN BR85S , R G R AN . FERETY
RIS A HE TN, S8 I 3 i (D R MR B LT, 3
Sk 2 HE RS K S VR T B AR TR A K ARV o

60
45?0%::.,,;. v e

30 .

15+ JCIh,5=46.063 m/s
60

£ 30

£
BO15f 20 kHz#il,5=45.237 m/s
# 60

45
30 .
15 25 kHzl#Jil1,0=45.194 m/s
0 1 1 1 1 ]
0 2 4 6 8 10
I B ] /ms
(a) W2k
8 T .
S| JCEh 20 kHzh |25 kHzi i
— 6l (2.061,5.878)
= (2
=] 50 (0.894.,4.778)
é /
x 4F
= 3
= 5 [[0.656.0.945)
1
0 1 1 1 1 1 1 1 1 1 1 1 1 1 ]

0 5101520 0 5101520 0 5 101520
B /kHz

(b) S £k
K7 TR &A1 po Ak REREPE:

Fig.7  Velocity characteristics at py with various excitations



GEMISC, A R RENTAT Z AL A S A VERE S T o AT 45

WE 7 (b) Fros, XH e I i i sl 2cdi
AT HL AR 4 SRAS 2 B Bk sh il th £k . T
VRN B A T v H R %R 656 Hz, fHEREE T
JIHATR A T, SR bR AR A B b i
ik st By i P R L T 3R A I [ S A8 33 B
Serp, AR RS, FEAMIN 25 kHz FRIAT ik
MR E) 2 061 Hz, BUA F = JC i it ik bt
I 314 4o ABIRINE, po AP35 30 U] o B0
BB 3 B TGS S 1Y) 46.06 m/s, B UK T %
F| 45.24 m/s F1 45.19 m/s, e K IR L F) 1.89%,
VL7 (a)o 87 Hh T i s il 355 88 o0 A
FEJE 2 ISR T IR , AN NIl i T, HLA 3
R B AR T T

50
=~ 4or —— I
w ——20 kHzi$4Jih
é 30 i; —=—25 kHzE i
20 45 Q:’i
#) 44
& 10 Gl v
E -3 0 3 6 9 12

0 -

15 =10 -5 0 5 10
B2k 1 BE B /mm
P8 Al i g b AR S A
Fig.8 Time averaged velocity distribution along axial distance

I 34 SAH 2 IR 3 SCAH 23 %

0 02 04 06 08 1.0 0 02 0.4

ZE A, ANl 5 R EA
i) , AFL BGOSR ) T, o B PSR I
SMINIR B 1% AR AR S A% O IX e AR )
SnAE IR T 1 DR ShiR L, s % N T RETE
P2 SN RE 4 25 14 [RS8 40 sl e
FRRER T TR, PR R A2 BB ), 1 1 ik 3
AR N
22 EE RS
2.2.1  ATCHIN AT I % N SAR AR

9 7s il T T T S Akt b,
Rl T A AE BT U2 PR A AL B
O3AT , HA AR T R T IC I B R X
i A5 Sh 3 7 s 2 PN 7 A i B A s A RIN , A S
PR PR AL b I ik A 0, SEE T
SRR, e JREWANE R & SRR/ &2 N W |
SERZN A T Bk sh AR (e B D)2 7 A 2 Ak s T i i
Mz,

TN T, A RN RE RS A
T KBRS L, R S LTRSS , 32
TRARZEPE R SZ I, SR A S 25 I R IR PR R 12
FE BB A I E SR O, Qe 9 (a) 220
JR o TRl UREE 3], R o3 g M R Al £
AR 2K

54 A A
0.6 08 1.0 0

02 04 06 0.8 1.0

(a) FTEHMIME)

(b) 20 kHz ZMm sl

(¢) 25 kHz SMmilsh

K9 A TCH AT T

Fig.9 Time-average vapor distribution with or without vibration

10 7~ T TCIUR AR RIS [RUR O T
TN 1~6 b B Y SRR AR A3 B 43 AT 1
W 2 422 th PR EE AR (r=do/2) #4703 — 1k Ak
M, PEREE B 1R B R IT, SAHREEAE S V)2 W
MIFFZHrE 2 . PIFAS [ R ) T-00SAH &
Ji 2z WS IN 2k 3 Kb B R AR I P — B, PRI Z 1T A T
Jih T8 A A B s KT ISRl s, T fS 25 kHz
P20 B 3k 20 kHz Y0 B ) SORH 43 A1 Y RN
e, IR R O AR AR A3 S A W 2
6 ik

1.50
eI 20 kHZ Rl =25 kHzi4 )
WEINZk1 Wik WEIZR3  WEiiZka  WiIZks WiilZke
1.25 1 \ : i
N 1
A~
£ 1.00 l
0.75
0.50

03060 03060 0 3060 0 3060 0 3060 0 3060
i 25 SR IR 43 B (%)
E 10 Wk 1~6 FiS AT

Fig.10  Time averaged vapor distribution on line 1~6



46 FLUID MACHINERY

Vol. 53, No.2, 2025

222 EENSAHSE SRR T

B 11 7R 3 R T S AHAE R f T 14 1
1S B LR 6 Ab 2y B L, HBEA
PRI S B R B SR AT . B SOAE R I A
et AR IR L T y/ry = 1 30 BB P 4 A0RE D 45
BRI N, R R 1L SRy iR P AT il 2% 8
T, AN S AHIITE yir=1 REBESR T RE. 205
i 2 A URRE B SR S B RET 4/r,=0.87
AbiE RN , 25 kHz JlAH LT 20 kHz S A
AHUEAE T 8.3% . T JCHLh 210~ S AT
Bk 2 68% , B TN T 10

s~ JCI i - 20 kHzZELR) =25 kHZ5)

30 y=1.56 mm
S 70F O
S *‘t\{, A ‘,‘;-,::.'.';;:.:.:;‘:‘
& 60F 4or !/\
|
3‘2 501 3895 100 105 110 L) ;
& 401000755 o - f *Vz
o )] i
= 30F0.0050f==""/ | i
‘ eereeremea i
ﬁ;’ 20 10.002 5 y
T A
T 10F 0
0 5
0OF X Ju], X

1
0 0.25 0.50 0.75 1.00 1.25
yir,

B s Ok 6 AbEE S AR i

Fig.11 Time—mean vapor distribution on line 6
MR SR A AR AE , Xt HO A IR T
TR 6 AbASRHA A, X S = PN B 25 p Rl 4y
b7 AR | N 1|5 e T e ] e € Y [ E = S |
A0 < y/r, < | BIBHR FWIX, Q0 12 fis.
AR X6 454 DX ) A 1 4% 5630 B4 R T Ik st 4 T o s
ALRE TP AP =2 AR DR BRI o0, 381

PR B XT S B A A R

/’_‘\ T T T —— -
i & I s
EE | WRSERKS THRE
_=-__—_-_—_:'_T_x_ _%:_—_‘[“___'i: T
ey
MIX[E |5
3 A il /’:'f é;/2:1.56
S AR i £~ 9 K
Wk

K12 =N RETH R
Fig.12  Schematic diagram of jet structure inside the chamber
I XA G N 0 < yir, < 0.5, 4b T 53
X I DX 8 B U2 AR A R e g, R
HHAERFEBARK, SRR B TR M 2 A AR
KIS MG R, BT LA IX W] 2 AL PERE R 22 . %

Ji 28 A e S g Jok 2 1) S R S ) T
ik Bl i I Y AR DB . TR IX R A,
25 kHz Sl B & ST 5, R Y 5
TRAEAS WX 25 (A% 038 22, T ST e i F A
T EE IR TAE R R b, S 2 Ah 7 A T
223 0, RO FEE B2 AR it ot B, A ) e
HIEJINKETHE

ylry = 1 X Ja] SR 53 88 5 AR B e I 2
B SR, A R 00 R S A R Tl i
TBLo 25 kHz S I B A7 A6 1 25 A SO 7
FE TG WA SR & 1SN T 12.5%, R R
BRSNS S, 2T = NI
FRRAE R, 7811 3 k8l He g 0/ T R A2 i i s
BR B I SR IR HE A O A% D X X
(1423 A B B T 28 NSRS 20 0 et 1 IXC )
2 kg

0.5 < y/r, < 0.81 2y I X J], FCARBE T 55 0
Bl TSR By V)2, 3k — AR BEAF e TR k),
EDRURTRUNI 1 TRl PR kgt & S AR IR S
il T A SRR A s TR . 3R P
FE AL AR DU 5 1 AR5 W 1
SVE T B S AR &, R 75 ) A AR A 5T
HOJE S BB I, B AR A v 1 s A% 0
SZAIU T OV PTG B SR AE I T Ak, 4625 8] A TR
T S4B SR HE AR, 25 AL RE T AR L T8
VRS2 T IR B2 A3 5

0.81 < y/r, < 1 WX A1 F FHR I Z X,
ATRAARZ AT AR, o TO0 Y & SRIE &
TSR T, 3 S R T RN R R RS e
TATEIL SR AL B YT R, T4 1 izak
SR AH DX TR A% O X 1 25, A
B R IRRIE IS , K2 AES g 5 S IR i
KGR, R, 20 %% DX 28 AR 4 T %o
UINAEAR LN TE N

ZRA LA T 5 AR S A R 1 25 X T Y
ST, AT AR R FERI ST B, SN 7 il e ¢
FHR TR AE I TP A AR T R AT TE
PEF O T, AR T T T XA AR
TR o AHXS T ICHURh 88 3 3R, 25 A il
B BB, O T A PRI B A
23 BEERLEMBESEE

W 1 2 N ST I A Al B — B 20 5 1, LT
13 JI7i , M A A T 309 P g 10 445+ T il 3 A 410



GEMISC, A R RENTAT Z AL A S A VERE S T o AT

47

) R S5t I RE R PR 4 DB B T
PRI 2 N B BT U= B B P A — AR
PRI JRE A6 B2, LA AR 22 [ A 7 i 1) Bl 52

WIvE AR R BN . ol BT AR A T
28 N RIS G L TCIURNI 251> B B s 45 4G T
FEEER, ELIV 28 N AR IR A AR PG PR AR K, o RURE

o BIUNRRERMWICIBCR I NI e .

it i I I \ \ \

0 10000 20 000
t,+1/2T

0.010 or
0.005 .
~ 0
~0.005
-0.010
~0.01

(a) JCIH T2

30000

40000 50 000

0.010
0.005

(b) 25 kHz 3050 T8
B 13 JCigihAn 25 kHz S4Gh e R PR IR =

Fig.13  Single period vorticity cloud map under no vibration and 25 kHz vibration

A LI L TE o+ 1/4 T BRI EREZ], i
TN AN T B e D0 B 5 (I BE R L 3
BT 89U BT P s R S TR SC - =%
U 2% AN AR MERR SR, IR T 55 U102 R 1Y
BTN, PR T ) A 1 ER IR 1A JET I S 15 1
BRIk AR

Bl & Y V)2 iR 1) iR, IRas iR e K
FERAE R KR R, AEHCIR T Al 1o 1 o 0 Ao 2R
AR ) B A B B AR R0 . Bl TE Rl
FE AR A LR AR T3 25, I, A R Y g Rt
FE TG R A RE R DT PR TIE RS R 14 B B o A
Ti] L Ui R R 15

RETF so+1/2 T HFZ, EIRBAREERE 2 J5
WA TIE 2 Rl ™ A T 8 ) 43, S 30U 1) TR 1%
PR T L ASERE B S (0 5 1) )2 G A RE
W N & A Z5EL BOR TR BT DS S T
RET AR AT R 15t

PEREE PR35 I B R T , 7E 10+3/4 T B2, &
PRI fo 70 s 2 D S T iR BE RS 2h I S B R 5

FRIS/NIS , H TR Y B /i 2 R st A 2E
RN Bl g 7, 33 e INIR ok 3 3 45 il A
Jr 7= A R 1) s 7 R B, AN D IR Y
DIZMHE R RE S . MM 71, A3
EBEN A i 8 DN | S R RE N )
P, DR E T B U/ N e 3T U1 )Z i 2T e (0
T BT RS P S A A5 B L) S B AT 110 308 B 4
AR BB ML 7% , T SE B T RERE AR |
A7

TE S SHEE A 10+ T W21, | T PR AR U il f3
BESER It o BE T L T A5 A ) S 5t S R ek o35
TR BT U B AT e e i PR A AL e, B
DYZZEARIXSREE , L, A s i A 1F B D)=
PR3 S5 46 it A B RE kB0, S fe i 17— ik
AR EIT

P 3 23 Al A, ST ek A5 A P i
SERTRR, 0 E R 1 I A N RE R [T 15 R,
o by A5 A S S T oA 3 R T8 e — S AR AR
PR 25 AT — AR TR RE )



48 FLUID MACHINERY

Vol. 53, No.2, 2025

3 g

(1) AH LT ISl F R, 2 Fh oM s 5
PN B PR SR RS DR AR R R BT Y
PR 25 kHz B, 3 JRARIAE] 2 061 Hz,
AR LG T ISR i B R it i 7 3.14 %, H 34
LRI

(2) Bl SR 75 R A S K, I & N SR
A R A A ], P e KR MR A 3 1.89%,
D PRI T34 S A AR 7 R T A s P T A )
REE I 25, (e TE I NSRBI FE T RE LAk (H Rl A
PSR Tt S R BRI AN B

(3) 875 P il RE £ 2 i 2 N R S AH O 27
JEHER P 2 N BT UIREE, 058 1 55 D12 Wl i 23
ATE BB, f S T E 0.5 < y/rp < 0.81 JE
VA ASAH B o K T, I e Bt 0 DX Y
SAHBIR  HE5R T A IR 2 fRE

(4) BB U IaE T iR 25 A e s 2 N A 3
0 RN BRAR BE , sk s = P 5 e o A it A7 RS
B, AR NI IR S M e AT S it TR
AT ITE - 25 AR A5 B S .

Sk

[1] LID,KANG Y,DING X L,et al. Experimental study
on the effects of feeding pipe diameter on the cavitation
erosion performance of self-resonating cavitating
waterjet [J] .Experimental Thermal and Fluid Science,
2017,82:314 - 325.

[2] LIUW C,KANG Y,WANG X C,et al.Integrated
CFD-aided theoretical demonstration of cavitation
modulation in self-sustained oscillating jets [1].
Applied Mathematical Modelling,2020,79:521 — 543.

[3] IS, BKGE, A4 . FEdRE Dk SR acs ARk
{EAAN [T ] JR3h 5 uhili ,2016,35 (20) : 149 - 153,
SIH,XUE Y Z,ZHOU W.Numerical simulation of rock
fragmentation efficiency under self-excited oscillation
pulsed jet [ J].Journal of Vibration and Shock,2016,
35(20) :149 - 153.

[4] FANG Z L,ZENG F D,XIONG T,et al. Large eddy
simulation of self-excited oscillation inside Helmholtz
oscillator [ J | .International Journal of Multiphase
Flow,2020, 126:103253.

(5] H&le, U, BB, &5 . AR X Z 2% A
PRI TR AERESZ R [T ] W LR 2 4l (2R
2016,50 (11) :2100 - 2106.

[12]

FANG Z L,KANG Y,WANG X C,et al.Numerical
investigation of cavity diameter ratio influence on
Helmholtz oscillation waterjet [ J ]. Journal of Zhejiang
University (Engineering Science) ,2016,50 (11) :
2100 - 2106.

TG . R Ik e S 2 e BE R e DR R AL
(B BT B g S5 A LAt [ D . BUM - R 2,
2005.

WANG X M. Influence factors simulation study of the
self-exicited oscillation pulsed jet device and nozzle
structure optimized design [ D ] .Hangzhou: Zhejiang
University,2005.

WANG D D,WANG Z H,FAN Y W,et al.
Characterization of vortex structures with self-excited
oscillations based on liutex-omega vortex identification
method [ ] ] . Journal of Hydrodynamies,2023,35 (1) :
95 - 111.

BREE, AL RO, AF . AU S [ BRIk ol
W 2 A S U B B ELASEAUL [ . HERE DL TR 241,
2020,38(5) :457 - 461.

QI M, WANG L F,CHEN Q G,et al.Numerical
simulation of cavitating jet in dual chamber self-
oscillation pulse nozzle [ J | .Journal of Drainage and
Irrigation Machinery Engineering,2020,38(5) :
457 - 461.

U, T IR R A B BT A
AR AR S [ ] HLBCBE T 5 3, 2024 (7))
305 - 3009.

PENG S H,WANG J Q. Design of self-excited
oscillation ultrasonic nozzle and experimental of
jet frequency characteristics [ J | .Machinery Design &
Manufacture, 2024 (7) :305 = 309.

WG R, TR R AR L T D E5 R S0 A Ik
SRR G R PR (1], a4, 2023, 48 (1
T 1):130-138.

CAIT F,MA F,PAN Y, et al. Effects of nozzle outlet
geometry on the oscillating characteristics of self-
excited waterjet [J].Journal of China Coal Society,
2023,48 (Sup.1) : 130 - 138.

S5, BRI, 2500, 45 I 2% L IBEE T 11 45
R XSRS R R ()] . PR3l 5 i, 2020,
39(7) :74 - 80.

XIANG M J,WANG X C,LI D,et al.Effects of
Helmholtz upper nozzle outlet structure on jet
oscillation characteristics [ J | .Juronal of Vibration and
Shock,2020,39 (7) :74 - 80.

TG, XV, BAR, A . TG M AR 23 £k -



GEMISC, A R RENTAT Z AL A S A VERE S T o AT 49

[13]

[14]

[15]

[16]

[17]

[18]

i RS 5 5 1K 5 E S L) U MR B M, 2024,
52(6):1-9.

WANG Z G,LIU Y,WEI R, et al.Experimental study
of coupled cavitation-erosion jets with viscoelastic
surfactant solution [ J | .Fluid Machinery,2024,52 (6):
1-9.

IR XGHTBE, XL, A O e S O
LR A 56 R e S L) ] AR LA, 2023,
51(3):1-17.

YE F,LIU X Y,ZHAO L,et al.Experimental and
theoretical researches on mechanism of self-excited
aspiration pulse jet device [ J ] .Fluid Machinery, 2023,
51(3):1-17.

S TR, AT, 55 A RAR R R
A G sh T APt e [T ] b R AR R
°#,2023,53 (1) :2-27.

WU W H,QU W,WANG J Y,et al.Progress of
cavitation and acoustic streaming dynamics of liquid
materials within ultrasonic field [ ] ] .Scientia Sinica
Technologica,2023,53 (1) :2 - 27.

T, R AR, g, . H MR SR S i sl
SRR S P SR AU SE [T]. A A PR,
2023,51(6) :43 - 49.

WANG M,YUAN M,MIN R,et al.Numerical
study on the dynamic characteristics and ultrasonic
enhancement of cavitation bubbles under self-excited
oscillating jet [ J ] .Petroleum Drilling-Techniques,
2023,51(6) :43 - 49.

R BTl 2 A AR B SR TR i A
B [D ] Jbat: #2011

SHENG L.Numerical simulation of the flow field
induced by vibrating surface in the application of
ultrasonic cavitation [ D ] .Beijing: Tsinghua University,
2011.

THIERG , BRI, NS, 55 . R 23 A vk B R U
DIHIRCRE AU A2 (0] 4l TR =4z, 2017,
33(12):82 -90.

JI S M,CHEN K,TAN D P, et al.Effect of ultrasonic
cavitation on maching efficiency and quality of soft
abrasive flow [ ] ] .Transactions of the Chinese Society
of Agricultural Engineering,2017,33 (12) :82 - 90.
AR I, B, A RS AR Sh B R O

A5 A
BERESC, r B . ARSI T 2 2 & 2 A RE B AT 0T [T ] WAABILBK, 2025,53 (2) :41 - 49.

HOU B W,FANG Z L.Analysis of cavitation performance and vortex behavior in Helmholiz cavity under ultrasonic vibration boundary [ J ] .Fluid
Machinery,2025,53 (2) :41 - 49.

[19]

[20]

[22]

[25]

TARBEFELRR [T ] ML TR 2% 412, 2021,57 (9)
233 - 253.

LI H,REN K,YIN Z,et al.Review of ultrasonic
vibration-assisted abrasive flow polishing technology
[ J] .Journal of mechanical engineering,2021,57 (9):
233 - 253.

iy ek, B K 5, EaRel R A R R gr vt K ds
FOHT D] BB, 2022,50 (6) :47 - 53.

HE K K,DAI'Y T, WANG J K.Simulation analysis and
design of ultrasonic jet system [ J ] .Fluid Machinery,
2022,50(6) :47 - 53.

ZHONG X,DONG J M,LIU M H,et al. Experimental
study on ship fouling cleaning by ultrasonic-enhanced
submerged cavitation jet: A preliminary study [J].
Ocean Engineering,2022,258:111844.

BAI L X,XU W L,DENG J J,et al.Generation and
control of acoustic cavitation structure [ J | .Ultrasonics
Sonochemistry,2014,21 (5) : 1696 — 1706.
BIASIORI-POULANGES L, LUKIC B,SUPPONEN O.
Cavitation cloud formation and surface damage of a
model stone in a high-intensity focused ultrasound field
[J] .Ultrasonics Sonochemistry, 2024, 102:106738.
LILLY D K. A proposed modification of the Germano-
subgrid & hyphen. scale closure method [ J ] .Physics of
Fluids A : Fluid Dynamics, 1992,4 (3) :633 - 635.
EHY L PR B, BRIV, 55 MRS IR 5 2 Ak it sh e
MG [0 ] B, 2023,51 (1) :36 - 43.

HUA Y M,CHEN Y L,XIONG S, et al.Numerical
simulation analysis of cavitation flow characteristics of
liquid jet pump [ J ] .Fluid Machinery,2023,51 (1) :
36 - 43.

FANG Z L,HOU W J,FAN S D,et al.Coherent
structure analysis of cavitation waterjets using dynamic
mode decomposition (7] .Physics of Fluids.,2024,
36(3):035114.

YEE RT3 (1999) | 3 078 4, FE S
SIS AL S, E - mail : 287491396@qq.com.,

BIEEE: TR (1989) , B, i+, @l#dz, FEMNFS
AL ST I, 3 15 M1k - 430063 1AL BT B XA KGE
1040 S DR 2 42 5 S A58 XK 6 238 30 45 i) 4 ) T S 00 =

E - mail: zl_fang@whut.edu.cn.



