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Fig. 1 A typical structure of jewel nozzle for

ultra-high pressure water jet

EB R/ EUE (1952—), 5 B, W 4o A I, 220 A S0 AU AR R RE B s T /K S I 1 R BIF

E-mail: mgyang(@ujs. edu. cn

BIESE . EHLA984—), 5B I8 A= 25 5 KSR B AR SR S B P REFFT. E-mail : 2¢jwyl@163. com



543 P U A - ROR R v T A T AR Y 2 A S A 287

SRR S A W 1A 3 2 R ST 3 22 0 9 R A 77 55 S
2 BEHEAEBEHRIBER

2.1 §ME’\J¥IHE
SR R ST AL E R A, BN RS e N

S el 43 (D
Py — P2

A prpo 2050 W L0 AT BiF B IR T po DK B S MR R T . AR K VDRI R S A
I 6y L 90 s g 4 A0 48 e AR G ) i T R 9 T 0 S R AR I AR R T B S AR o SR 1
2SS A A ST B I X S AR B R . R TR BN LA W PN B B T R
AR BRFRT . H AT R J0 12000 1 2 At sl it A7 AT AR IE 5 o DR Ik 50 B0 T 5 A 288 T T ) A 0 A2
2.2 HE&ER
A Fluent 6. 3 H1 A9 Mixture Z2 M AR 3159 23 Al 5 2 I W A 8 B8 980 I A 3 30 2 i O R 2
A LA AL T

;e}

Vs M
Tpn. Vi) =0 2
dt
&R
ap a a.Umi avmj
Ui )+ Vi (7 (pmv ) =— I + m ij((?l'j + r ) 3
%‘?@Mﬁﬁﬁj‘ﬁwﬁf
d J d da,
f(pmav) +7(,o,nv\,;av) —7(77 s jJrSv 4

K FhR m v 3 5CRIE S W AR K i WK IR o, B R E pn HIRGWIREEE S o
FIREWEE o R, p NIETT Ny Bt 45 RE RIS, T BE400 28 I i 7 A At K A XTT
S. .51 F Rayleigh-Plesset J7 2 : % f& 2 i S AR A, AT DL Z20 W 22 1 i A2 W 5 Fl 1 W5 8 PR 508 A e 406 9% T
TN e — A R R L R TR W Bl L R R AR — A E L BT DA RO ER B RS2 e, PRI AT R
kN

S, =Anp,Nr’A (5
Hr
[ 3a, 13
f[ MN] 6)
2(p, — p) b p
3p1
A= D)

2(p—p)
N T e <<
30 p b

A T VRGBS K r MW 425 N S #0728 [ N 19 25 0 8 AR 4l N. Anantharamish 46 M
FIBFSE . 4 N 1.5X10" m °,

DAL 1w i) e TR 6 A W M S W B K BE I O 1.2 mm, H5H, f#T ] Realizable k-e Jifi i
B 8 FK IR EE S 32 °C L ik 5 e gl 5 25 R — 2, R SIMPLEC 557k 5280 ) Rk B2 (9 #8 4 , fi ]
QUICK #8205 25 1 PR B4 B0 1 % 1 7 64T B 47 1L, e O R 280 2R — XA =X
2.3 HEERESH
2.3.1 =AW ERETRE

T A WEWE NP A e A LI TR R A . Y R K e A R A FLEE, B T



288 = JiS L B & i %24 %

VT TELT 11 2 SR WS 0 vy s 7K 2 B U 200 I T 5 B T, A0 R TR R 3 TR AR R X5 2 L P O R A2 B K
IR X% R 0 B 22 S b VR AR s g AT BT I > 9 0y 3 42 fi B T s, 598 43 7K O AR RS X g [l 9 25 Ak
ARBERY A AN 2 B o R Z R s Ak B A IS I D A s O B [ M B R R it — B ], A8
A DX e SiE e 2 H 1 L L A 3 PR .

AR A S Al R A S M BRI AR 1
B4R 3 A (] A DX T B 30 DX, DXl PN 25 0
PR A3 B0 R B 2 B 1 v XL XS B &
A2 Al FEAS WA K R LT S U B A% O ER 435 A
T PG AS X3 = ) A s 98 DX, DX 3 P 2 2 9 R
ARG KB T 55U 09 A RS 43, an &1 4 s,
(EAS RS, Y24 X B & 8 2 I R A Sk
L RN L A R A T a2 S P L R i
SR AL 5 M RE T 43 2, 3K b B R B 2R Y S Bl 2 2k A I A A B T 3
Ui AR /N T S A WY B AR HISS TOBETE XL AY Fig. 2 Flow in the jewel inlet as cavitation happens
Wah, AL, 2 ey R e B A — R A
ES ) 145 /N A B R S A AR M VR T[] B VR 3 1 S ) /) i ok g 4

t=10 ps t=30 us t=90 us =200 us
_ :— Vapor volume fraction
0 0.15 0.30 0.45 0.60 0.75 0.90 1.00

B3 g L N AR K S PR 2 BB R i 19 22 (p =400 MPa)

Fig. 3 The vapor volume fraction at different time points (p=400 MPa)
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Cavitation and Wear in the Micro Jewel Nozzle of
Ultra-High Pressure Water Jet

YANG Min-Guan, WANG Yu-Li, KANG Can, YU Feng

(School of Energy and Power Engineering »Jiangsu University
Zhenjiang 212013,China)

Abstract:In an ultra-high pressure water jet cutting system,the micro jewel nozzle has important influ-
ences on the machining efficiency. Cavitation inside the jewel orifice affects the jet formation directly
and is a crucial reason for the nozzle wear. By simulating the cavitation flow in the orifice at pressure
within 400 MPa,the jet formation process in the nozzle was expounded. The influence of pressure,the
aspect ratio and the inlet shape of orifice on the cavitation and jet were also analyzed. At the same
time,an experiment was carried out to study the nozzle wear. The results show that the cavitation re-
gion in orifice reduces along the nozzle axis with the increasing of the aspect ratio. Moreover,the cavi-
tation region can reach the nozzle outlet when the aspect ratio is smaller than a certain value. At this
condition, the jet initial diameter is smaller than the orifice diameter and increases with the increase of
pressure. The orifice inlet with a streamline design can effectively restrict the cavitation development.
The wear in the jewel orifice inlet due to the cavitation and water erosion is much more severe than in
the outlet and is more serious under higher operating pressure. Accordingly,it is useful to select a ap-
propriate aspect ratio for reducing the erosion in the nozzle.

Key words: ultra high pressure water jet;jewel nozzle;cavitation; wear



