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Abstract High pressure water jets have strong erosion ability and have achieved excellent results in drilling engineering.
Cavitation phenomena occur in the process of jetting, which is accompanied by high temperature and high pressure, and is one of
the key factors affecting the erosion ability of jets. The structure of the nozzle has a significant influence on the cavitation ability
of the jet. Analysis of the relationship between the flow field characteristics of the cavitation jet and the nozzle structure is an im-
portant aspect of the study of high pressure water jets. In this paper, we conducted visualization experiments and we 3D-printed
organ-pipe self-resonant cavitating nozzles. The characteristics of the cavitation jet flow field at the nozzle outlet, especially the
morphological changes of the cavitation cloud in the flow field were captured with high-speed photography. After image pro-
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cessing, the impact of nozzle structure changes on cavitation generation capacity was analyzed. We used the proper orthogonal
decomposition (POD) method to obtain the time-averaged characteristics of the flow field structure. The results show that the
resonator is an essential structure that affects cavitation. Increasing the length and diameter of the resonator within a certain range
ensure the occurrence of cavitation and the structural stability of the flow field. However excessive size affects the self-resonance
of the nozzle and makes it difficult to create resonance. In this paper, the optimal values of nozzle outlet diameter and extension
angle are twice the outlet diameter and 40°, respectively. The stability difference of water jets were analyzed by comparing the
time-averaged characteristics under different nozzle structures and jet hydraulic parameters. The results show that the resonant
cavity in the nozzle structure is the main part affecting the cavitation generation ability. Increasing the length and diameter of the
resonant cavity within a certain range is conducive to enhancing the cavitation generation ability of the nozzle and improving the
structural stability of the flow field at the nozzle outlet. However, excessive length and diameter of the resonant cavity will affect
the self-vibration effect of the nozzle, making it more difficult for the fluid to form resonance when passing through the nozzle,
and making the cavitation ability of the nozzle drop sharply. In this paper, the optimal values of nozzle outlet diameter and
extension angle are twice the outlet diameter and 40°, respectively. This research provides a better way to study optimization of

self-resonant nozzles and cavitating-jet characteristics, which is intuitive and can be a validation for other approaches.
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Table 1 Structure design of self-resonant cavitation nozzles

i H 1 EH 4% d/mm H K //mm RIS HA% D/imm IEPRIE A L/mm Y RA

1 1.5 6 4 32 25

2 1.5 1.5 4 32 25

3 1.5 3 4 32 25

4 1.5 9 4 32 25

5 1.5 6 2.5 32 25

6 1.5 6 5.5 32 25

7 1.5 6 7 32 25

8 1.5 6 4 16 25

9 1.5 6 4 24 25

10 1.5 6 4 40 25

11 1.5 6 4 32 10

12 1.5 6 4 32 40

13 1.5 6 4 32 55

PRBUR N 2SR, 2R b I ACR R EH S,

2 S BR AL R]

o B A SRR S IR L IE 5% 2000 B IR0
WS AE I HE S R AR . IS BRI R, R
W 2B, EEARB) Matlab X KR HEAT 22 53 4k $
(Frame Difference Method, FDM)., FEEHEE N, S
BG5St RG22 KR 5, 22 RGO b BEA
TAHARAL R, RGP 2R 6, KRR
MR, BRI RIEE. bk i 2 K
AR B IEE IR, X &
PEATRENE, SRJE BEATITIs B (IRl 1 g ), aRAS=
WIS TN, Xt s A bl 25557,
B2 W K B shE i, e A IR,
2.1 FRHPEURFELE

XEp BRI 0r, giitE e m KRIEAEH
fFE. ZUERERESHMAIZHIE, 208
RETHIE A RO i B EE ) R EH S B R, (X
HUE SO ERRIR T B O Y A briie 22; =fes

3 px, V=9
" ——

2 px,V=4

——

B3 ZURGRIAERE

Fig.3 The calculation principle of cavitation cloud volume

TrETHR, X HE SONVBIRE R BT S H R R A
DX - J5 A

2.2 FIHEHIR I HEE AL IE

AR 3C 32 B S AR 1 38 43l S B S 45 A e E R
HESRHC, ZAE 1F 38 53 (POD) & — K HUB B 43 BT
Jrik, BTN TEGUN . 55 mma
SN, LA SRR SR AR S5 0 52 2% 0 B A
Brab B, TARAS — 5T /N Ak W R IE A Sk
FERYALBRAR BN SE R AL, W FRZ R BT, B
AReaARME, T DL WO B I ARIE, 52 R R
e, FERBZ M, WHIER, BT FEREN
FH, FRZOEESHEE, MEeE S, SHHEGE
FHIG, T RBCZ A KR

X FDM 4b 3 (1) 2000 i 51 F 2R 47 AR iE 1F 28 43 fif
(POD), REU 2 prisids K HAR R S, diiisss
Fa EBREIE KB i 5 AR e AT AR e 22 5

AT AR 1 28 43 i $2 BURE A 2000 0 K] R 32 24
fE, THROAZARE N i asne i 5 e (R AT k), JF
P JERE P HES o BB 7 E A, BB A A
TEZFAFIEAR FEE5H, T & S5 7E2S ) 431
fEfE2ES, ARITHHREERMFIH, 7R - GE
SR E R, Rz, fgh b gD, Ui Y
SERFRIE AR, BT, SRR A T AR .



ZSHR A S SRR AR AR E VET

75

3 JAREIR S

BPE USRI ELNE

SHRIE M = e B DL R, A fh )
H— R E—ivE—5tK 4 DB TR R A
B, MERLS AR (R AT X0y, mas e
A RAYON EL6 R KR — I —5 K 3 A R Y, AWESE
e, AR SRR TS RIS S AN, R
HEE B R =S A A

3.1

t=500 us

4 ZURWE
Fig. 4 The morphology of cavitation cloud

R IRELIn Ti2R8, £ =500 pshf, 7EEITBALEI,
ST IR, Wi BB N R, HEmUE,
X — PG N N RV 07 B B Ay A 1] A S 1) S
W, SRS E R D, &S s R NE
P P4 ISR T A A = v BLA A I5 — Tl it
B, IR TA A BT 25 b 23 R s T
AR, e EAR B — A = e AT
LN AR N Bt D R A A 77 S I - &) & Y TR T
LR, AR INEELL 200 P K RS s
e FiaBECAL, KA A KEBK, IR
HRBHRGER N, HEZERHA.

ST RN S e K ERARR AR, 18] 5 R,
S TR 3 A A NS S KR IE AR RUE (L

Bl 45t TR NS s EEIRAS .
Bl LA, =0 usBfZIZstbwi Az, w140 & AN
Tt O A RO E, BIAE R,
AR M WE oty ARRLT G A% G, N B &
b, AR, MR R K (K, SRRk
MWARERE I BEAE LS, 2 =350 ps T8 Atk
B, SKEZ MG, MR E AR BAR
PR R e W23 o & Rt R v i B e A T A AR,
DL mBig T E Bes, =50~150 psid B p s il =
W& E B HETE 50 m/s £ 47, =150~350 ps o F ik
JERE R 30 mis Ay, EE T EARRGIR, &

t=550 us =650 us

t=600 us
200 . . —— 500000
— = KE
— Z=HER
160 400000
<
H<
120 300000
i IK
K S
Ik 80 200000 {4
N
£H
40 -+ 100000

100 120 140 160

B8]/t
5 TAEKERGERENHL

Fig. 5 Length and volume curve of cavitation cloud

0 1 1 1 1
20 40 60 80



76

FIMBLEER  20224F3 H B T7EFH 1Y

AREW, D2 ba KEMEFEL R —2G 2)F
—JEIN, PR 22, XS EhBRES
EWBKA K BB EBE LT B, S fERiE
—YUNE TR, SEEBEA R, WIS R
W& 2 IEAIBE K 4) 2Bz KL T FER BE PRIR
AN, IR, BRAH 25 1115 78 B AL 58 SR 15t
D

MERE xR A P = R

454 Bk, XSRS, 7ERRHER T 251
nEFHITHE, NS s IR m, H
A oK BRI T 00T, Rl sk
2000 BREHR S5 AR BOE4ME , SR 5 He FRAS TS 2548 ]
SPAR RTINS, THEEE R .

(1) PRI AR Al S e R

K6 hzg kM, MRKIFRERKE, ShakKE
T, BRI IRIE K AR T s, 7E
HE & K 4.80 L/min i, L=40 mm B W 25 1k = K B 8%
L=16 mm MM 55% ., 128 b = R AR (b —14]
Rl L& I, HERE M 4.80 L/min i, L=32 mm Wi 25
W AR R K S0 DI Em g e, L [ A i
SRR AR A, SR B N, S e e g R
SO, LRI, M O R A, SRR R
thzsth, pei A s e s B, T Ak s
GG THImEE ROT 0N, DISHE N A 45 F T LA
TRARZE A T RIS, 30 254 o B 1T 48 N AR
il F A VRSP B S 1 R AR R G, R B

3.2

80 L L=16 mm L=24 mm
L=32 mm L=40 mm
70
60 4
$ 50 v Y
g‘
BF 40
1K
= 30
£H
20
10
O 1

34 36 38 40 42 44 46 48
HE/L-min’

NGRIRE , IR BE RS, SO B A TR s S 1t
RTINS g, MELUE K IRE, %0800
SRR, MXTS, R I B 1 1 IR 5 5
HERIER ISR, AT DA RO 2% fh TR R I 1A 11
BRIAVH R BUSEIR,  H D BT IRDE ORI, 7850 IR0 59
WA BURRE, TR S R, R R A2
fba kKB,

(2) PR Ik B AR AR AL R e R

M 7 AT LUE Y, 25 o K BE I R i B b
KK, HE R KT 3.7 Limin i D=7.0 mm W B 2%
WK BRI I 2, HFEAE 4.8 L/min i, il
D=2.5 mm i 70% Ze 47, M= =6 FFE D=4.0 mm
BRI R KB . H IR RS A s2 ], SRR BAE,
ffi e o S A5t I A5 i B R IR BEZE AL, XS FRI
) I e R 4 S A O, A Z RIS TR R, A0
K, SERY A, HiEBim, H2 iR
BERRZM,  H bSO A S A AN, RIS S TR
T s/

(3) th K B i AR A A

I 8 AT LIAE 1, B AR, RS
FUEAR . A 25 fb 24 R R R 5 H At 5 1 34 s 7 —
kit @Az AR 4 I, S
PE A OV RBATZ, OB, Sk FEE,
ANBEFATTEX — 7 BN A28, W=,
O OB, i T O RN, BEEAR,
B PN S e i s s, S s ARCR, 28 Larar,
W B B YA s AR, A2 R N A A A

14000 | L=16 mm L=24 mm
L=32 mm L=40 mm
12000
10000
=i
e
®
& 8000
B+
I 6000
R

by
=

4000

2000

34 36 38 40 42 44 46 48
H=/L-min”

B o6 AREHETEUZFHERMBIERIEEZEN () BN RIHEH

Fig. 6 The length and volume of cavitation cloud varies with L under different displacement(a)flow field in nozzle



2SI A A BTSRRI S 77
90 - D=4.0 mm D=2.5 mm 14000 | D=4.0 mm D=2.5 mm
D=5.5 mm D=7.0 mm D=5.5 mm D=7.0 mm
80
12000
70 [ —— -
27 _ 10000
i 60 | §§§£§%§; v oy
K o e &
@ 50 (= PW Pt = pro-oes & 8000
1 I 6000
t " 4000
20
10 2000
0 0
34 3.6 3.8 4.0 4.2 4.4 4.6 4.8 34 3.6 3.8 4.0 4.2 4.4 4.6 4.8
HrE/L-min” HE/L-min”
E7 ARHETZEUZKEMERBIEREERETWN (2) BIE RN RIHEN
Fig.7 The length and volume of cavitation cloud varies with D under different displacement(a)flow field in nozzle
160 =1.5 1=3.0
=1.0omm =o.U0 mm —_— = =
~ ~ 45000 - I=1.5 mm =3.0 mm
140 /=6.0 mm /=9.0 mm 3 /=6.0 mm 1=9.0 mm
40000
120 - 35000
B 400 - & 30000
W & !
T g B 25000
B o -
1K I 20000
60 N L
£H f{ 15000
40 10000
20 5000
0 0
3.4 36 38 4.0 4. 4.4 46 48 34 3.6 3.8 4.0 4.2 4.4 4.6 4.8
HE/L-min-1 HHE /L min-1

E 8 ARHETZEUZKEMEREHRERKETN

Fig. 8 The length and volume of cavitation cloudvaries with / under different displacement

R, A mfE KA 225, 320 302 4558 i J
ARSI RERE M4 FROEHRE, X—Z75H
R O ERRUK I SECA G, HERBRORR, SR
S TRE.

(4) VAR Ak i R

&9 AT LA Y R M ERAE(E R 40°, T o=40°
BF, S R A e A ] a4, o R HEE
A 4.8 L/min b, SPYHEIEEET 60%. BT £ 2
SRR RS, MR, R BR A B
WIS, AR BE RO, IR o W e AR AR e, (55
T TR, S BB TR, &

KN R KR . NE R ZER LA, 40°
i, Sn K BRIy, M5 IEEIHB/ N A XN
BHARWEBN, FH ARG R GHREE, Brl7e
o=10°0F, ZUEBHOE, EhaRIERK.

TIAETRE ST

Srmid e, =z Fsh, RS
I ERFAE, XA R AT POD AL BE . 181 10 451 T
AbPRE — B AS . DUBMREAS . ANHMEZS AT RS A
B, i EEAH LU, RES 2 2R
o 1] B R R ey, TR S B B, R

33



78 AOMBEETR 2022423 0 B 7EE 1M
160
=10° —— a=25° — a=10° a=25°
a=10 a=25 35000 -
140 —— a=40° —— a=55° — a=40° a=55°
30000
120
< 25000
L sy
M 100 ﬁ
N - ] ®
20000
I 80 Bt
= ] 1K
H s0 & 15000
£
40 10000
20 5000

34 36 38 40 42 44 46 48
HFE/L-min”

B9 AEHET=UZKEMGRET RATL

Fig. 9 The length and volume of cavitation cloud varies with a under different displacement

JRER 73 figf A /N E , S B IE S o R B 169 52 Y
R

OIS RERE R, T 1, B
L R e, FERBSEEORN, fem R,
GBS . A SCUL—Br o 32, X A%
W LA I HEROIR S T — BB RE R 4 1L, LA Armg
W 2 A T A A AR RE PR

24T AW AR R T — B RS RER
o, XHRBE, WERIE K E M AR, X —
SREH G MR, DI IR M I A2 Ay ok 1) 52
Wi af DL, W IR K O =16 mm R, A K
L=24 mm (RHERRY, —BrBESaER AR, 455 E—

RE
500 0.04
0.03
400
0.02
< 300 0.01
% 0
200 -0.01
-0.02
100 -0.03
-0.04
%10 200 300 400 500
X/pix
(@) — MRS (b) IR, (C) AHES. (d) THES
E10 #EEEK

Fig. 10 Modal images

34 36 38 40 42 44 46 48
HFE/L-min”

AN, TR I R, 32 A RS S R
T, R e 2E . IR IRIE BAR AR AT Sk Y
o] LUE 1, HARD=7.0 mm— SRR LD,
L S B TTACAR LB, ACTAE v i i ) 2 i B B
TiSH B sh A e e, R H s, 25T
HOUmiME, S Brae, FRBIPKahEs, st
FaE Mo .

BT PR SRS, 2 K 1=3.0 mm
A R S = et R 1 2 N T T el = BN
R EMEF. Y R A AR L, RARRRE S oy
74.63%, tcfE N 84.59%, AT HAWSECAE R H
AR/, 2 B A A O B B R AT 2%,
T WS TR ) e A B et D B, ST Rt if Ak

100
B OEESE%
— R4y
80 -
2
S 60
I pramm—
1n &
]]l]mﬂ — AR 26.18%
g_u 40 F 73.82%
m
4
K
20 |
||
ol L = = T E—
1 1 1
2 4 6

EE TR

B 11 EMESEESE
Fig. 11 Modal energy ratio of each order



ZSHR A S SRR AR AR E VET

79

x2 BBEEARHET —MESEESt
Table 2 First-order modal energy ratio of nozzles with

different displacement

HERA s B AR, WRRE, S
M) E— R JE—IE K, BT DL B Be s =2 i iy
0] by el , — BB BE T o FE 22N

A B
FROPRHAEE 4 SIKJIIji;EEAD 54]:55 L/min 4.1 L/min M

~ ~ ~ 4 iR
L=16 mm 63.9 7% 62.1 1% 66.1 3%
EZ‘Z‘ " g?é f; ;2; fz j;‘; ‘Z‘Z ASCHETF AT IALSIE, WS T 5 B A
P 8120 243 6o 642 30 &E‘fh%ﬂﬁ%%ﬁ%féﬁ%fﬁtﬂﬁ, fﬁ%fﬁ%%*@%ﬁ
Do Smm 842 60 30 19 a4 5o FIE I 2550 0 Z I 0 R0 AR SO iy BLAR 2538 n
D=40mm  81.04% 76.8 1% 73.82% o
DesSmm 78780 6.3 2% 4.1 8% (1) PR R i s A e A s a A A e
D=70mm  66.07% 56.8 0% 69.5 6% P, MR R T s .
=1.5 mm 110 6% 7.0 1% 65.8 7% (2) IEPRIE ELARYE A R TR R i A IRACE, 42
/=3.0 mm 84.12% 81.0 0% 68.3 2% IS s R ), (HERE RS
1=6.0 mm 81.0 4% 76.8 1% 73.82% DX, SRR, 55K,
1=9.0 mm 73.0 3% 75.9 5% 71.0 3% AR
a=10° 80.3 2% 80.5 8% 74.6 3% (3) B KA I E, A SIS Wi
a=25° 81.0 4% 76.8 1% 73.8 2% A, BAREITTE S B T S ORI AR 55
a=40° 73.6 0% 81.33% 76.3 7% KR, GAPRHEERH R ESE, mH S i
a=55° 84.59% 78.0 6% 77.1 4% (4) 3 T fa s L A AR PR I BN,

VIR ER T Ab2s AL PTREC 28 WA, A2 PR T4
FERBL AR 25 AR 1],
ARG B T AR AR TR A REROEE R,

RPN

(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

[9]

TEA SIS e A E(E R 4000

(5) Y BTG S A, (Has i
PRIEMSIRIE R B AL B 22 7", 7ey R BLATZ I
FURARE Wk, AN S .

XL T “BORS” R

CHAHINE G L, HSIAO C T, RAJU R. Scaling of cavitation bubble cloud dynamics on propellers[J]. Fluid Mechanics & Its Applica—
tions, 2014, 106: 345-373.

LINDAU J W, BOGER D A, MEDVITZ R B, et al. Propeller cavitation breakdown analysis[J]. Journal of Fluids Engineering, 2005,
127(5): 617-9.

AR, R . 2P M), Jbat: BRIl kE, 2013. [PAN S S, PENG X X, Physical mechanism of cavitation[M]. Beijing:
National Defense Industry Press, 2013.]

ZERRAR TBJRE . APRAS ARG REIE SR (M. AR TP EA A 1 iRAL, 2008. [LI G S, SHEN Z H. Theory and application of
self-vibrating cavitation jet{fM]. Dongying: China University of Petroleum Press, 2008.]

GAITAN, FELIPE D. Sonoluminescence and bubble dynamics for a single, stable, cavitation bubble[J]. J. acoust. soc. am, 1992, 91(6):
3166—3183.

SRS | K AR 0 A PR AL BTk (0], SRS B, 2001, 08: 343—345. [ZHANG Y L. The cavitation damage of sluicing
structure and the preventing methods[J]. Corrosion & Protection, 2001, 08: 343—345.]

PRI, EEAE, BREAMR. M In oK R 0K 3 1 BT FE Sa iR (7], B RSS2 3 (H AR B2, 2013, 32(01): 157-160+168.
[CHEN M, XUAN G, CHEN M. Review of hydrodynamics of lock filling and emptying system[J], Journal of Chongqing Jiaotong
University (Natural Science), 2013, 32(01): 157—160+168.]

TR, PRABJRE . R MR A PR A I ohvi e A ORISR S (3] TP A R AR (B ARRREML), 1987, 3: 17-27. [LI
G S, SHEN Z Z, Rock cutting effect with self-resonanting cavitation jets under atmospheric pressure[J]. Journal of China University of
Petroleum (Edition of Natural Science), 1987, 3: 17-27.]

ERR, AR AR R, AL R SR B Sk A BOR (0], Al E 4R, 2016, 37(05): 680—687. [BI G, LI G, QU Z, et al. Rock



80

FIMBLEER  20224F3 H B T7EFH 1Y

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

(19]

[20]

(21]

[22]

(23]

[24]

[25]
[26]

[27]

(28]

[29]

breaking efficiency of the self-propelled swirling jet bit[J]. Acta Petrolei Sinica, 2016, 37(05): 680—687.]

DR, ML, &, 55, Dkoh s o 2 FLmTE s ORI T (0], T Al R 222 40 (B AR R, 2015, 39(01): 83-87.
[MA D, LI G, JIN L, et al. Experimental study of rock breaking efficiency by pulsed cavitating multi-hole nozzle[J]. Journal of China
University of Petroleum(Edition of Natural Science), 2015, 39(01): 83—87.]

BHE, sk, X2ER . K as A B FH D] A2 Tl 5 TR, 2003, 20(6): 387-391. [WU J, ZHANG X, LIU X. Hydrodynamic
cavitation and its applications[J]. Chemical Industry and Engineering, 2003, 20(6): 387—391.]

S, 25k ST, & L imAE S5 IR ML SR STE R ARBESE [1]. AOmESREEAR | 1996, 03: 44—46. [SHEN X, LI G, MA J, et al.
Study on scaling mechanism and hydraulic cleaning technology of tubing[J]. Petroleum Drilling Techniques, 1996, 03: 44—46.]

B, 22482, s, &5 K Bkapas (LS m AL ARIE B /4T [J]. AIhA R 122, 2012, 34(05): 10-14. [FUJ S, LIG S,
SHI H Z, et al. Analysis on adaptability of hydraulic pulse cavitating jet drilling technology[J]. Oil Drilling & Production Technology,
2012, 34(05): 10—14.]

AR, R, TRABJE, S KBk AL SRR A FLILS K (0] A B RS 9T &, 2008, 35(2): 239-243. [LIG S, SHI H Z,
SHEN Z H, et al. Mechanisms and tests for hydraulic pulsed cavitating jet assisted drilling[J]. Petroleum Exploration and Development,
2008, 35(2): 239-243.]

ML DRR . S ARG S AR B TR R A R ARG []. ACIMESEREEAR | 1996, 024(4): 51-54. [L1 G S, SHEN Z H. Investation
and application of cavitating water jet in drlling[J]. Petroleum Drilling Techniques, 1996, 024(4): 51—54.]

EAAN, A BRAEES, S AR D Bk 2s (RS A2 3 B FBOR AR i B D). A1 ~#41, 2009, 30(1): 117-120. [WANG X J, LI
G S, KANG Y J, et al. Improvement of penetration rate with hydraulic pulsating-cavitation jet compound drilling technology[J]. Acta
Petrolei Sinica2009, 30(1): 117—120.]

LUO X W, JI B, TSUJIMOTO Y. A review of cavitation in hydraulic machinery[J]. Journal of Hydrodynamics, 2016, 28(3): 335—358.
Gyll, ZERR A, ok . T S5 R 0] 7S AbR I R e 4 SEIR T AT (0], SIS IR AR 2%, 2005, 019(001): 5255, 60. [YIC, LI G S,
ZHANG D G. Experimental study on cavitation inception of nozzles with different geometries[J]. Journal of Experiments in Fluid
Mechanics, 2005, 019(001): 52—55, 60.]

XIANG L, WEI X, CHEN S. Experimental study on the frequency characteristics of self-excited pulsed cavitation jet[J]. European
Journal of Mechanics — B/Fluids, 2020, 83: 66—72.

PENG G, YANG C, OGUMAYY, et al. Numerical analysis of cavitation cloud shedding in a submerged water jet[J]. Journal of Hydrody—
namics, Ser. B, 2016, 28(6): 986—993.

Ve, A, WU KU B AR5 A IR TS 2 AL 5 406 1), BH¥HOR 5 TR, 2018, 18(04): 23-28. [LING C,
WANG J J, ZHU X J. The acoustic cavitation field distribution in power ultrasonic honing by hydrophone method[J]. Science Technol—
ogy and Engineering, 2018, 18(04): 23—-28.]

PENG K, TIAN S, LI G, et al. Cavitation in water jet under high ambient pressure conditions[J]. Experimental Thermal & Fluid Science,
2017, 89: 9—-18.

Tk, BE, B, 5. SOk AR W S R KRB 1], J1eA iR, 2019, 49(00): 428—479. [JI B, CHENG H Y,
HUANG B, et al. Research progresses and prospects of unsteady hydrodynamics characteristics for cavitation[J]. Advances in Mechan—
ics, 2019, 49(00): 428—479.]

CALLENAERE M, FRANC J, MICHEL J, et al. The cavitation instability induced by the development of a re-entrant jet[J]. Journal of
Fluid Mechanics, 2001, 444: 223-256.

KAWANAMI Y. Mechanism and control of cloud cavitation[J]. Journal of Fluids Engineering, 1997, 236(4): 788—794.

WANG Y W, HUANG C G, DU T Z, et al. Shedding phenomenon of ventilated partial cavitation around an underwater projectile[J].
Chinese Physics Letters, 2012, 29(1): 014601.

GANESH H, M KIHARJU S A, CECCIO S L. Bubbly shock propagation as a mechanism for sheet-to-cloud transition of partial
cavities[J]. Journal of Fluid Mechanics, 2016, 802: 37—-78.

ARNDT R, WOSNIK M, QIN Q. Experimental and numerical investigation of large scale structures in cavitating wakes[C]// Collection
of Technical Papers — 36th AIAA Fluid Dynamics Conference, 2006, 1

gl . IR T AR AR 254k & 2R R 1 5 e bR RERIFST [D]. FR AT k2% (Jb5D), 2018. [PENG K W. Cavitation inception
and erosive potential for self-resonating cavitating jets under ambient pressure conditions[D]. China University of Petroleum (Beijing),
2018.]

(HE%EE HMa% B LHE



