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Fig.5 Visodty of gycerin and itsjet velocity
(a) Water jet, nozzle-A J0mm (b) Water jet, nozzle-G  T0mm (c) Glycerin jet, nozzle-A  70mm
(D) Glycerin jet, nozzle-A , 220mm
6
Fig.6 Photogrgphs of water and glycerin jets
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(3) Water jet, nozzle-A, v;=1943m/s , S0mm (b) Water jet, nozzle-G, v,= 1823 m/s, 50mm () Glycerin jet, nozzle-A, v,=1533m/s, S0mm
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() Water jet, nozzle-G, v;=1823m/s,100mm  (f) Glycerin jet, nozzle-A, v;= 1533m/s, 100mm
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Fg.7 Damege tests of brassplates by the impact of the water and glycerin jets
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(a) Top view (water jet, nozde-A, vfl%]mfs] () Top view (glycenn jet, nozzle-A, ‘]:1533"”'] (c) Side view (glycerin jet, nozzle-A, vj=1533mr;}

8
Fig. 8 Enlarged photographs of damaged brass plates
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(8) Water jet, S0mm (b) Water jer, 100mm (c) Water jet, 200mm (d) Water jet, 300mm

(e) Glyzerin jet, S0mm (e} Glycerin jet, 200mm (h) Glyeerin jet, 300mim

Fig. 9 Damage testsof brassplates at different standoff cistance

(a) Glycerin jet, §,=99% vy~
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Fig. 10 Efect of volumetric dendty of glycerin on perforation

() Glycenin jet , ¢, =809 , 1 00 (b) Clycenn jet , =009 , 100mm (¢) Glycenn jet , @,=999; ,100mm

11
Fig. 11 Damages tests of sted plates by the impact of glycerin jets
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Fg. 12 Enlarged photographs of damaged sted plates
4
) 1943m/ s
, 1533m/ s (

3mm) 300mm 3mm ,

90 % , ,

[1] shi HH, Takayama K, Nagayasu N. The measurement of impact pressure and solid surface reponsein liquid-slid im-
pact up to hypersonic range[J]. Wear, 1995,186 - 187:352 - 359.

[2] Shi HH, Higashiura K, Itoh M. Generation of hypervelocity liquid jets usng a powder gun and impact experiment [J].
Trans Jgpan Soc Aeron Jace i, 1999 ,42(135) :9 - 18.

[3] ZukasJ A. High veocity impact dynamics [M]. New York: John Wiley & Sons, 1990:731.

[4] , , . [3]. ,2000,20(3) :270 -
273.
Ll Fabo, YAN Chengli, ZHOU Guang-gan, et d. Invedtigation of shgoed charge jet with reverse initiation at liner
base [J]. Exploson and Shock Waves, 2000 ,20(3) :270 - 273.

[5] BrownJ, CurtisJ P, Cook D D. The formation of jetsfrom shgped chargesin the presence of asymmetry [J]. J Appl
Phys, 1992 ,76(6) :2136 - 2143.

24 © 1994-2007 China Academic Journal Electronic Publishing House. All rightsreserved.  http://www.cnki.net



3 : 199

[6] LeyratJ P, Charvet E, Pyols H C. Creation and Smulation of very fast jets [J]. IntJ Impact Eng, 1993 ,14(1- 4) :
467 - 477.

[7] RomeroL A. Theingability of rapid stretching plagtic jets [J]. J Appl Phys, 1989 ,65(8) :3006 - 3016.

[8] Walace D B. Capillary ingtahbility of ajet of liquid metal [J]. Trans ASME, J Fuids Eng, 1993 ,115(3) :529 - 532.

[9] Shi HH, Itoh M. Dedgn and experiment of a small high-geed liquid jet gpparatus [J]. JonJ Appl Phys, 1996 ,35(7) :
4157 - 4165.

[10] Shi H H, Takayama K. Generation of hypersonic liquid fud jets accompanying self-combustion [J]. Shock Waves,

1999 ,9(5) :327 - 332.

Perforation of metal plates under high-speed
and high-viscosity liquid jet impacts

SHI Hong- hui
( State Key L aboratory of Nonlinear Mechanics, Institute of Mechanics,
Chinese Academy of Sciences, Beijing 100080, China)

Abstract : Qycerin jets of geed ranging from 1. 5km/ s to 2. Okm/ s were generated with a powder gun.
The jets were visuaized with aphotographic syssem with its exposure time set to 180ns. Perforation experi-
ments of 4mm brass plates and 3mm stedl plates under glycerin and water jet impacts were conducted. The
jetswith higher viscodty demonstrated better perforation capability. The perforation performance of the
glycerin jet dependsonitsvolume densty. At 90 % volume densty , thejet isthe most efectivein perfora
tion.

Key words: fluid mechanics; perforation; high-gpeed liquid/ solid impact ; high-viscodty jet ; glycerin vol-
ume dendty



