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Fig. 1 Experimental device for abrasive jet eroding the metal samples under confining pressure
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water jet under 0. 5 MPa confining pressure water jet under 6. 0 MPa confining pressure



555 AR AT < B A% T 2 A B S A el A 5 BIL ) e T 593

0.6r 0.4
0.4} 0.3
ol 0.2
S ‘ ‘ g ol
= 0f = 0
& _0.2: \ -0l
- -0.2

—0.4¢ -0.3
—0.6L -0.4

0 05 1.0 1.5 20 25 3.0 3.5 4.0 4.5 5.0 0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0
t/(ms) t/(ms)

Bl 7 FIEA 1.0 MPa B 25 £k B L 5 3 14 s 35 0% & K 8 LA 4.0 MPa B 55 4k B 51 3 A6 it 338 33k T 1K

Fig. 7 Time-domain waveform diagram of cavitation Fig. 8 Time-domain waveform diagram of cavitation
abrasive water jet under 1. 0 MPa confining pressure abrasive water jet under 4. 0 MPa confining pressure

A

4 & it

(1) F 2 A W | SC e FEL % 185 R T2 W 35 T2 A %) Rk S 0 oo ol i L P 0 2 B 5 R R B, A R 2

AT I R SC e LG i £ o ol S8R OO0 T AR I, e D 2 A A P A Bl 8 v R S ) b ik SR

(2) 25 AR BERH R V00T Wk B R IR Ao e A0 BB SR AL B HE AR 3 s AN A5 3 O B A 2 A G L i EL 54

FHM B R VIR O . 2028 20 M0 L 25 Ak B R 5 3 o b it s ot ) ML) 32 A0 4% b ol < R AR 3R
R 3 FE .

(3) JERH SR UL 14 o et 2880 4 [ BT s 149 38 A T g AR o =3 S8 D DR D S 0 4 K SR 00 R 2 A B S5 0 9 T

Sk st A iy Sy B AR

References:

(1]

[2]

(3]

(4]

[5]

(6]

7]

[8]

Deng J,Yang Y Q.Shen H R, et al. The influence to abrasion of sediment concentration [J]. Journal of Sediment
Research,2000,(4) :65-68. (in Chinese)

X FE A4 MR A K v B A R [T, SR YDA ST . 2000, (4) :65-68.

Huang X B, Yuan Y Z,Wang S X. Analysis of abrasion of wall material by high velocity sediment laden and aerated
flow [J]. Journal of Hehai University,2000,28(2):27-31. (in Chinese)

UM, R AR AL S VB AR UK R BE T ok 9 A3 A [T I DR 2424 4R . 2000,28(2) : 27-31.

Chang J S. Cavitation and cavitation erosion of pump and turbine with silt-laden water as working medium []J].
Journal of Drainage and Irrigation Machinery Engineering,2010,28(2):93-97. (in Chinese)

WIEE. TR K K SRz 525 [T, HERENLAL T2 54 . 2010, 28(2) :93-97.

Yang M G,Wang Y L,Kang C,et al. Cavitation and wear in the micro jewel nozzle of ultra-high pressure water jet
[J]. Chinese Journal of High Pressure Physics,2010,24(4) :286-292. (in Chinese)

WCE . EF LR AL A OB R S0 W Y AR i 2s Ak S [T ). W R B2, 2010, 24 (4) 1 286-292.
Bruni M, Biassotti H, Salomone G. Radial drilling in argentina [ A]//Latin American & Caribbean Petroleum Engi-
neering Conference [ CJ. Buenos Aires. Argentina.2007.

Nakhwa A D, Loving S W, Ferguson A. Oriented perforating using abrasive fuids through coiled tubing [A]l//
Coiled Tubing and Well Intervention Conference and Exhibition [ C]. Woodlands, Texas, US,2007.

Ni H G,He Z G. Impact of shock waves of bubble collapse on solid particles carried by flow fields [J]. Journal of
Dalian University of Technology,1994,34(6):727-731. (in Chinese)

RBUAR o A T 23 960 35¢ 2K o 98 X 3l 3 4 2 JBURE i /T LD ). R 2 TR 22 %44k . 1994, 34(6) - 727-731.

Bourne N K, Field J E. Cavity collapse in a liquid with solid particles [J]. ] Fluid Mech,1993,259:149-165.
Toshihiko Y,Kazunori 1, Hideaki F,et al. Application of extreme value statistical analysis to marks of water jet
peening and presumption of cavitations collapse pressure [ A]//The 7th Pacific Rim International Conference on

Water Jetting Technology [CJ. Jeju, Korea,2003:395-402.



594 = JiS L i 2% i %26 &

[10] Xiang W Y,Lu Y Y.Li X H. Experimental study of domino effect on submerged abrasive water jets [ J. Journal of
Central South University (Science and Technology),2009,40(6) :1499-1505. (in Chinese)

6] SCHE, 9 SR AR AL W TP S AN SE RS [T ). R KR (B AR KD, 2009,40(6) :1499-1505.

[11] LuY Y.Li X H,Zhang F H. Numerical simulation of bubble chaotic motion in a cavitating water jet [ J]. Journal of
Chongqing University,2003,2(1) :71-94,

[12] Gong L H,Lu G S,Zhang X X,et al. Study on the damage mechanism under the three-phases abrasive jet [J].
Lubrication Engineering,2003, (1) :57-59. (in Chinese)

SRZUM . Bl L SR 0e 2 L A SR EORHIR AR TR MR SR HL B 5 (U, Y 5 % . 2003, (1) :57-59.

[13] Zhang T,Chen C C,Chen F. Research progress of cavitation, silt abrasion and their synergism [ J]. Drainage and
Irrigation Machinery,2006.,24(4) :47-53. (in Chinese)
iOWLGBRKE LR AR A R R MO IR AR A S R [T, HERERLA . 2006, 24(4) 1 47-53.

[14] Huang X B, Yuan Y Z,Wang S X. Mechanism of abrasion to material by high-velocity sediment-laden flow and
effect of aeration on abrasion resistance [ J]. Journal of Water Resources and Architectural Engineering, 2006,
4(1):1-5. (in Chinese)

AN, R AR, AR A VD HK R 09 B R LB AN B SBR[, KA 5 ST TR 4R . 2006,4(1) 1 1-5.

[15] Liao H L,Li L D,Yi C,et al. Experimental study on impact of ambient pressure on water jet kinetics [J]. Science-
paper Online,2009.4(11) :838-843. (in Chinese)

BN A S AR X K S I Bl A 2 R R A S S A AT (). P BRI SCAEZR L2009, 4(11) 1 838~
843.

Erosion Characteristics and Mechanisms of Cavitating
Abrasive Water Jet under Confining Pressure

LIAO Hua-Lin' ,NIU Ji-Lei', YI Can”

(1. College o f Petroleum Engineering ,China University of Petroleum ,Qingdao 266580,China;
2. State Key Laboratory of Petroleum Resource and Prospecting »
China University of Petroleum ,Beijing 102249 ,China)

Abstract ; Abrasive water jet is widely used in water resources and architectural engineering,oil and gas
engineering and marine resources development. It is significant to study the erosion characteristics of
the jet and material destruction mechanisms to improve the efficiency of water jet. Using the self-
developed device,the experiments were performed on abrasive water jet erosion characteristics formed
by three types of nozzles including self-oscillating cavitation nozzle, Venturi nozzle, and cone-shaped
nozzle under confining pressure. Destruction mechanisms of metal material were also analyzed. The
results show that the erosion efficiencies of the self-oscillating cavitation nozzle and Venturi nozzle are
higher than that of the cone-shaped nozzle;cavitation erosion can help improve the efficiency of abra-
sive water jet. Abrasive water jet erosion efficiency decreases with the confining pressure increasing,
mainly due to the confining pressure inhibiting pressure pulse, cavitation effect, and impinging pres-
sure. The mechanism of materials by cavitating abrasive water jet includes three roles of impact ero-
sion,cavitation and their synergism.

Key words: abrasive water jet;cavitation effect;confining pressure;material damage



