THE: BEIRRR

10 % B2 £ % Hi A Vol. 10 No. 2
2021 fF 3 A JOURNAL OF INTEGRATION TECHNOLOGY Mar. 2021
SIZH& R

7KK, HALF, RN, 45, Helmholtz WEBE S5 IS B0 AT AURFE I E I [T SRAEIA, 2021, 10(2): 75-84
Zhang FF, Wei YN, Xu YH, et al. Effects of structural parameters of Helmholtz nozzle on cavitating jet characteristics [J].
Journal of Integration Technology, 2021, 10(2): 75-84.

Helmholtz 15 45 #5800 2= (L SR 4F M R 21
Bk K FTFE REE M9l
(H ERHE BRI R AR b I 518055)

B FE AR TR A AU AR A W P9 AR S5 A R R R AR A, AR I S A
ARG R TP E LS. BT BRSO Wi & A E TR R, BT &R T
W LA IR DEALRIE TE) 32 QT . 4T Helmholtz WM £E 3 SN 3t b o7 7 07 T LA WAL 9, 230 RS
AFREHIZ I Helmholtz W1 N AMAUZIEAT T BAE TR, BEAH F D ER HEOKE. R
JEBMACE . LRI 2 A AR S SR B 25 M S HO R S TS B 25 A K SR SR ARG, AR SR IF T2 R AT
AR AR R R AR 3

X% %217 Helmholtz WiME: HEAGTH: SR 4k
hESHE TP 69  XEAFRERS A doi: 10.12146/j.issn.2095-3135.20201103001

Effects of Structural Parameters of Helmholtz Nozzle on Cavitating

Jet Characteristics
ZHANG Feifei WEI Yanan XU Yaohui HE Kai'

( Shenzhen Institute of Advanced Technology, Chinese Academy of Sciences, Shenzhen 518055, China )

"Corresponding Author: kai.he@siat.ac.cn
Abstract Self-oscillating cavitating jet is a phenomenon in the process of jet flow. The cavitation is
produced by the oscillation characteristics of the internal structure of the nozzle. And the cavitation
collapses after it is ejected from the nozzle, which enhances the impact force of the water jet. The self-
oscillating cavitating jet effect is related to the nozzle structure. Since Helmholtz nozzle has great advantage
in enhancing the jet impacting force, this paper investigates the flow fields inside and outside of the
Helmholtz nozzle with different structural parameters based on numerical simulation, and this paper mainly

analyzes the influence of some key structural parameters, including the outlet diameter, the outlet length,
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the resonant cavitating length, the resonant cavitating diameter and the target distance, on the cavitating jet

performance, and the results can provide a theoretical instruction for the applications like the caviating jet

technology in ship cleaning.
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Fig.1 Geometry of Helmholtz cavitating nozzle

—RUHLLE, N EARHN T R R
AP RE, IR 2 MBS IR,
AN BRI G LFTEfm, I BR A
MEAR d MATKE L 73508 E N 1.20 mm Al
5.0 mm. [FI, FRYESCERSEIGAR S, ARFFOR
FR B FERE R B A 2 1207 o DRI, AR SCTERUE S
WS, FEOITH N EAR & K L,
SRl B K L R 2 A AR D, SEmiMa4s
WSS AL T, X BN R . AR
SCHRAR AL AT )20 A A0 RS T, AR
T RE BRAH I Mg 45 ) 2 B (S S 4 ) e
W3 1

3 Helmholtz I RNINRIARERE

HAT, 2T w0 A iR =,
(EVRGIFMID L ey AN R OE 7 eSS G e
s SRR AR T 1A R AR AL
55 HAFAE B KA T FEAB e, [
IR THEL Helmholtz W F< A F1S it 32 A1 A1 IR

%1 Helmholtz H{EHESEHIKE

Table 1 Numerical parameter settings for Helmholtz nozzle

BEESRYS Lo(mm) &b (mm) Dy (mm) Ly (mm) T, (mm)

1 15 24 10 4 25
2 30 2.4 10 4 25
3 45 2.4 10 4 25
4 15 1.8 10 4 25
5 15 32 10 4 25
6 15 24 15 4 25
7 15 24 20 4 25
8 15 2.4 10 10 25
9 15 2.4 10 16 25
10 15 2.4 10 4 10
11 15 24 10 4 40
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Fig.2 Finite element model for cavitating jet with

Helmbholtz nozzle



78 £

Hi 7N 2021 4E

R FAEALE R, AR Mixture B
[FII, Fluent "t S50 g 80 AR i At B 5 FH ) 77 A
B ke BEAY, ZBIAEFERRUE ke RNG k-¢ Hil
Realizable k-¢ 571, HHr, Realizable k-¢ FEAYiE
T 28 m i, IR 5tk H HAE i
WA BRILZ AN, N T AERR R SRR R )
AR, FHERESER SR, X g
& H T B A WA R () Schnerr-Sauer FE2,
U IR, Bl iR R A R A Y 1) 24
7t Fluent H#ZEBIN K BIFH, RTFEEHFES
ERARIRT . B 2 IR T 1 5 WM L A
Fia F o6 T RA 12 46 G RookA, &
BAERE 2 H RN 7 I A B PRI A AT
A, N A A D9 I 3N B (AR BT 58 A R
E’JEJJ%BJJ 20 MPa), AR 1 ARR

o HRLFFAFBE IR Fi5, X T AR
n*ﬁﬁi&@@ﬁl, I 8] OB A7 IE N 0.01, 3%
PRIRELBEE N 3 000 K.

RIS RS, AT S5 AR e T ok
AR

P
V=w S (1)

Hrb, v FANBRMEIEEZ: P IANBHETI: p A
W 8 w NE R, XN 0.95.
PRI, R4S N HSHARK R ), Al e o A
FISHRAKREE . B 3 AARNE LKA T
T I N 1 7K SRP I BB 5 BUE 07 B3R (B0
Eo. ATRLE R, PRI TH LA R BUE T 45 R Y
R, BRRENEL 1%. XRINZBENE

ZERFEE. [, &4 YN8 20 MPa 264
"I AN 1R A e R (RO DR ) R fAd

JEorAnhk. Hor, AR AT DAL 5K,
MBI N T B PRI A B AT 5 A
EARARNIN G, BT EERi s 5 KU
DA N SR AR, R R e 2
1%, FEAMREEAL, JRARIE RN 0.

250

— = T e A

2004 o FPEET ‘ |
1 m}jﬁ 20 MPa |

i} // 1816402

1004 1 :

504

VAT (m/s)

5 10 15 20 25 30
ALUE /7 (MPa)
B3 AEWNSIEISHHERSRIRE X E

Fig.3 Comparison of the predicted velocity and

theoretical velocity
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Fig. 5 Develop of vapor during numerical simulation under different iteration steps
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Fig. 8 Volume fraction of vapor for different resonant cavitation diameters
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