ISSN 1005 —2763 BB RE A F 46 K F 38 2026 % 3 A
CN 43 -1215/TD MINING R &. D, Vol.46,No.3 Mar. 2026

B R 57 Bk i G iR B S RS A S H AL 3

ERLBN L BRA A TR R

(LORJFHELT RS ok TAR2ABE, 1L ORI 030024
2R JEB TR AR BB E A SR, P K 030024
3.0 HE TR B Zefr S TRY¥bE, il 28 K5F 830023;
AR TR B By K F R SN A E AR E, B 8 AT 830023)

FEE : B Sk 5 BT SR R 7T M 2 4 A A AL S BRI X, Bk R SR A8 1 aE 8 B R R M R K AR T BN, T A AR
B EAE, WHERGEEARABIAEOECHS, AR AR DL M AERTHARFA, HAOHAEE. FRET EE
WORSERE L/ ERBAR IO R RINAD R HARENO T AL KL R REBRRELE, ATARSEMAE. &
MEENRERSHARRGDSTRAZ2. AANERBERLRGBEEEH IR, FRERGEEGH KL BT HY
BOSR 5 R TS A B LRI AR TR IR R R S R AR, S RAVIERLE 5~6 T EH ALK KA
ik R 3 Fo, Sh 3R A R M A AR SRR B R SRR P B R T 16.99%0 A EI R T 16.74%, Bk Sk o
FELERGTILAREREHEIRRT 25.45% R A KT 24.27% ARRIB KT 18.32% , B BLIR 3% Ak P SR 78 M 48 13 3
H AR,

KB SRS BBIR TS ROT SRR R G IS MR Rk

hES KRS TD231.62 EEARIRAD : A X EHE 1005 -2763(2026)03 —0221 —10

Structural Optimization of the Oscillation Cavity in a Self-Oscillating Pulsed Jet Nozzle
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Abstract: A self-oscillating pulsed jet nozzle can convert a continuous jet into a pulsed jet, which effectively enhances rock-
breaking efficiency by inflicting periodic “ water hammer” damage on the rock. As the core component for regulating jet
morphology. the conventional linear structure of the nozzle oscillation cavity suffers from energy dissipation, thereby
constraining jet performance. To address this, a study was conducted to investigate the influence of the cavity diameter ratio
(the ratio of the oscillation cavity length L to the upper nozzle diameter d,) on the pulsed jet performance within the external
field, thereby identifying the optimal range for this ratio. From the perspective of flow field structure, the dynamic relationship
between the internal low-velocity zone of the cavity and jet performance was analyzed, and Bezier curves were employed to
optimize the wall profile of the oscillation cavity. Rock breaking and punching experiments using the self-oscillating pulsed jet
nozzle were performed before and after the shape optimization of the oscillation cavity wall to comparatively verify the
optimization effect of the oscillation cavity shape of the nozzle. The results indicate that when the cavity diameter ratio is
between 5 and 6, the internal low-velocity zone of the oscillation cavity is minimized, yielding optimal jet performance in the

external field. For the optimized nozzle, the average velocity and peak velocity of the external field exhibit increases of 16.99 %
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and 16.74% , respectively. Furthermore, compared with the original nozzle, the diameter, depth, and volume of the punching

holes generated by the pulsed jet impact on the rock are enlarged by 25.45%, 24.27%, and 18.32% , respectively. These

findings demonstrate that the overall performance of the self-oscillating pulsed jet nozzle is effectively upgraded.

Key words: Jet rock breaking, Self-oscillating pulsed jet nozzle, Structural optimization of the oscillation cavity, Cavity

diameter ratio
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Fig.1 Self-oscillating nozzle structure

1.2 B iR bk 5 iR & & TR 1

Jok b S ) AR TR AR AE TR B A N I S L %
PG I B Bt A e AR 3l L s 7 i S I i e
REE IR 5% #0055 22 2 BL R A HIL IR L 25 0 MR O 22 4
JUATT 45 ¥ ) 41R 57 1 = 16k o 30 2l R 15 99 44 i 1
S A AL 52 B S 00 1 e L OB IR A S 5 TR T I B
A AR RS AS I . AT MR 5 1 I % B Rl
AR A 20 R 9L IR B BR , B R G AL
5 R AL B AR AL Y B A . FERK b S
TAE H bp 22 18 7 Az 04 2l 2 el fr AS A0 A bl 7
TR RS 6 IS AL S ) 0 A R R B R T R



ER.F ABBRGWRFTHATFRGEEMRAHTR]]F LT E FKL.2026,46(3). 2923

Sl e B AT S 35 AR TH I TR

FIOR 7 Dk oh 55 30 10 D BR AN 18] 2 i 7S g
N3 3 S AR AR 3 BN . S SNIR A A F
EHEAIRG G 5N B A ShRESc e, — 3 h
FZ AL W8T V)R 450 36 R 59 U1 )= X 46
P By P AL TR AT BN IR R EE A I 3 Cad i
7 s/ R B S Y U0 R U 3h 2 5 RE A AR AN
PR S0 59 010 2 B T 0 i 1) b i S A5 ) T g 48 3
B, ANEL 3Ch) BT 7R 5 2448 Sl R DL EC I B2 05t 4 8l i
b — LR IR P S B SRS B

PRSI AN AL 3 Cod BT 78 19 R RUBE I 3R 25 4 B B 154
PR IR S5 W40 B0 s o A, R AOIR A i AR AR R R
R B AR o fe 2 R 0 U S P 0 K s e
Jok i S35 I B

2 BRSO SR R R

Fig.2 Formation principle of self-oscillating pulsed jet
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Fig.3 Evolution of internal field in a self-oscillating pulsed jet nozzle
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Fig.4 Numerical simulation model of external

field of the nozzle
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Table 1 Research schemes of cavity diameter ratio

VES FBEMEEAE d/mm ERE REEKE L/mm
ER 1.2 2 2.4
FE2 1.2 3 3.6
E X 1.2 4 4.8
EX: 1.2 5 6.0
HES 1.2 6 7.2
EX 1.2 7 8.4
TR 1.2 8 9.6
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Fig.5 Position of external field velocity monitoring axis
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Fig.6  Velocity distribution cloud maps and vector diagrams of external field of the nozzle
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Fig.7 Velocity distribution of jet axis under

different cavity diameter ratios

ARG T U M B3 A L A 8, s
W SN B R RE 22 I T e A A e Y AR A i
T o TR I A L 4R 5 I R ARG DX /N
Al Y ML AR AL, AT 8 v 21 (A DX BT 7 (B (b
WL /O .

(f) EEf2i=8

(e) 2=

B8 AREEFLETHRZEAMBRBEEXTSH
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oscillating cavity under different cavity diameter ratios
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Fig.9 Optimized wall shape of oscillating cavity
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Fig.10 The internal field of the optimized oscillating cavity
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the shape of oscillating cavity
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Fig.12 Comparison of axial velocity in the external field of

the nozzle before and after optimizing the oscillating cavity
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pulsed jet before and after optimizing the oscillating cavity
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after optimizing the oscillating cavity
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