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Numerical simulation on hydrodynamic characteristics
of percussion pulsed jet
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Abstract: Based on Fluent software, a two-dimensional transient computational fluid dynamic (CFD) model was established
by combining volume of the fluid ( VOF) model and Realizable k-& model. The formation process of the percussion pulsed
water jet was numerically simulated by defining transient pressure inlet boundary. The results show that the dynamic structure
data of percussion water jet obtained by this model agree well with the experimental results. The outlet hydrodynamic charac-
teristics are the most important factor affecting the jet structure and its change with time. The development of air vortexes on
the central jet surface is restricted by the umbrella-shape structure which is beneficial to improve jet convergence. And a high
turbulent zone with the size of two times jet diameter can be achieved when the axial velocity of the jet front edge reaches to
its maximum magnitude.
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Fig.1 Sketch map of percussion jet device
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Fig.2 Computing domain and grid
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Fig.3 Cloud chart of jet volume fraction at different time
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Fig.6 Development of air eddy near jet

P 7 S S B2k s B BE IR 9] B9 284K, 7 40 s
EF S A O B KR B R 50 m/s, X U K R F 24
240 s, WG H FE 70T 4R R R, A5 530 2 s
I, WM R ) 3 3k H 0 I 20 Z A
P U S ) S e AR T RS TR B SR . S DR AT
St 18 A S 5 o A R AL A P OB A L
AR FR] A FH A000 1 A2 JR i B A 5 P B DX
1) 3% By (9 L AT 2 25 I SR AR ) i i 3l 7 22 ), A
XA O DX ] I 9 8%, AT B AR 250 2
G54, LA BB R WY, S U A A R e 2y v A
TR AR R R E . BIE F 7F 240 ps I
ZNH T K -2l 1) 382 Ry 480 m/s 1 Fix B
A, KR 3 S T S5 A A B, U ARG
UL AR S I B — 2 PR B 24 g W A 2 A R Y
N JEFRAT RO B R 12 BRGEIX, 3 Ak
I 2 X B A 5 v i B RE (29 1200 m?/s”) , Al
8 7R . ik braki & 1% DX BUIK 3 F2 BE K T A X
AR D) AT BEAE ol 48 0y I 55 B A AR ELAE FIE R 7K
O T2 MR vh i 2 g

500

» Oot=40ps & t=80 US
° +t=120 BS ° t=160 BS
2 xt=200 1S © t=240 ps

=
S
S

MEHIE o/ (n-5)
g
potd

0 20 40 60
BEEE x| /mm

B7 SREREEPHMERENETNL
Fig.7 Variation of axial velocity during

jet development



- 108 - T E G HKFFIR(ERAFR)

2013 %8 A

E/ (w*-s7)
1.31X10*
1.18X10*
1. 05X 10*
. 81X10°
.85X10°

9

7

6.54X10°
5.23X10°
3.93X10°
2.62X103
1.31X10°

1.00X 10
E8 240 ps B&IGRIHERERE
Fig.8 Cloud chart of turbulent Kkinetic energy at 240 ps

4% i

=A

(1) 44 VOF #ERIF] Realizable k- IR s,
IEF ) UDF SO A B S i Ay 05 vk, i 3k
T 5K E5 R — 80N Sh S A

(2) WS 11 R 7K Bl 3 R A1 2 52 1) 559 3 445 )
AL ) de R EEAME R 2, B I AR A A iR 25 4
BRI ] S0 O DX T AR TR 1 R R, A R TR
A0 S T AR WSO SSORE 5 S O S Ao R B A e &
e RE, SR AT IE B — 2 SR BE 2 2 f5mE s A
AR = i 32

(3) k457 e X ik v S5 9 2 %) s Ak PR 7K 1) B
FI2FRRAE R 45 25 B M phy BS54 19 I vk 3k
15 W 385 B LB CFD BUE BRI A A
XS S A T RS B, ] R e B R bk v B
T R BT A PR S AR

SR

[1] BOWDEN P F, BRUNTON J H. The deformation of sol-
ids by siquid impact at supersonic speeds[ J]. Mathemati-
cal and Physical Sciences (ser A),1958,263 (1315):
433-450.

(2]

(3]

(4]

(5]

(6]

(8]

[9]

[10]

[11]

[12]

O’KEEFE D J, WRINKLE W W, SCULLY N C. Super-
sonic liquid jets[ J]. Nature, 1967, 213,23-25.
AR K SHRIIE SHEAR M. U0 Al K22 R
#,2000.
MATTHUJAK A, HOSSEINI R H S, TAKAYAMA K, et
al. High speed jet formation by impact acceleration meth-
od, shock waves [ J]. Shock Waves, 2007, 16 (6) : 405-
419.
RYHMING L I. Analysis of unsteady incompressible jet
nozzle flow[ J]. Zeitschrift Fiir Angewandte Mathematik
and Physik (ZAMP), 1973,24(2) :149-164.
REHBINDER G. Investigation of water jet pulses genera-
ted by an impact piston[ J]. Applied Scientific Research,
1983,40(1) .7-37.
TRAL L TERE T, T J A, 45, i R e T K A T I
LIRS e S VAR SRS o= = PRER /Y i 2
J 1997 21 (4) :18-22.
XU Li, WANG Zhi-ming, WANG Rui-he, et al. Numer-
ical simulation for the ultra-high water jet flow and out of
the pipes[ J]. Journal of the University of Petroleum, Chi-
na( Edition of Natural Science) , 1997,21(4) :18-22.
WiAr, ZEAMAK, SRIEVL, 5. @ HoK R CFD ff #%
SrprLd]. FURSWIE,2006,2:103-105.
CHEN Chun, NIE Song-lin, WU Zheng-jiang, et al. A
study of high pressure water jet characteristics by CFD
simulation[ J ]. Machine Tool & Hydraulics,2006,2;103-
105.
SRINIVASAN V. Modeling the disintegration of modula-
ted liquid jets using volume-of-fluid ( VOF) methodology
[J]. Applied Mathematical Modelling, 2011,35 (8):
3710-3730.
FLUENT. Fluent 6.3 documentation [ M]. Lebanon:
Fluent Inc, NH, 2006.
WILCOX C D. Turbulence modeling for CFD [ M]. La
Cafiada; DCW industries, 2006.
BLOOR M. Hypersonic liquid jets[ J]. Journal of Fluid
Mechanics, 1978 ,84(2) :375-384.

(%h# FEF)

T

(L#% 103 W)
SR, s, AT N AR,y 2 AL SR
MRS AR S LT ] TP R A
SREBF£ T ,2006,31 (5 T)) :159-162.
SHI Yu-cai, YUAN Yan-yan, WU Chun-fang. Setting

up a simulate device on motion behavior of bottom-hole

[13]

assembly according to similitude principles [ J]. Journal
of Guangxi University ( Edition of Natural Science ),
2006,31 (sup) :159-162.

[14]  JE4EE. HUMIRSD T M. JE 5T HUBCTOll Rt

[15]

1992 :9-10.

ESCE RS BT A P EORE R Y TR
BNE L LA TR T ] . TR B 4 4 . FARBLE R,
1997,10(4) .40-43.

WANG Wen-jun, ZHANG Jing-sheng, YANG Rui-xue,
et al. Several question about composition of two mutual
vertical simple harmonic vibration [ J]. Journal of Li-
aocheng Teachers College (Edition of Natural Science) ,
1997,10(4) .4043.

(h# FEF)



