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Numerical Simulation of Water-Jet Cutting of a Solid Body

Toshimitsu SHINOHARA, Keiichi OKABE and Tsukasa NAKAYAMA

abstract

The smoothed particle hydrodynamics (SPH) method is applied to the numerical simulation of
cutting of a solid body by a water-jet. Water is modeled as a viscous fluid with weak compressibility.
A solid body is modeled as an elastic material. The water and solid body are discretized into a lot of
small volume elements called particles. Those particles are moved in a Lagrangian manner according
to the governing equations of motion of water and solid body. To model the fracture of the solid
body, a simple instantaneous fracture model is employed. Numerical calculations are carried out
for a soft solid, the Young’s modulus of which is almost same as that of “TOFU (soybean curd)”.

Encouraging numerical results have been obtained.
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_98_



goooopoopoooopoopopoopooobooobooboooo

goooobooooboooboobooooooobobooboobooooooobooobooooooooboooboboOobooooon
gooooooooog

Fig. 30000 V=5m/s0000000000000D0O0O000000ODOODOO00O0OOODOOOO0
00000000000000 Ene: 0000000000000 0000OFig. 30000000 t=0.010s

t=0.010s

t=0.020s +=0.0258

Fig. 3 Particle distributions in the cutting process of a solid body by water-jet (V = 5m/s)
T e
- i - - - T
P | 2 E | || . " 5 { -
= L - .
% . J: . aue, "
- ™ - ﬂ
TEIE LA L LA .I-. 1 l‘.l‘.- " R g ae I.
"TTLLEIL A A a® an "R Vg sannennnn g
e " a%gan
# ﬂ*-
s
L ol
e,
I{l.l
-
":.

_929_



gooooooobocooboboooobo

oooboooooooobobooboobooobooooboobooboobooooboooobobooboboooooooboboboboOoooDooo
00000000000 0000000000000t=0.020s0000000000000000O0O0OO
gobooboooboooooobooboboobooobooobooboboboobooboobobobobobobobOobobo
000t=0.026s00000000000000000000O0O0O0OO0OOOO

Fig. 400Fig. 3000 t=0.020s00000000000000O0ODO0OOOOOOOOOODOODOOO
goooboobooooobooboboooooobooboboboooboobobobobobboboboDbo
O00000000000000 Fig. 500000000000000000O000O0O0OOOOOOOOO0O
goooboobooooooobobooboooooboboboboooboobobobobobboboboDbo

Liquid particles

Solid particles

Fig. 5 Initial layout of particles

S

t=0.0007s t=0.0010s

13
-
g

t=0.0015s t=0.0020s

Fig. 6 Particle distributions in the cutting process of a solid body by water-jet (V = 50m/s)

30—



gobooooooooooooooooooOooooooon

goooooboog

Fig. 60 0000000000000 50m/s00000000000000 ¢=0.000rs0000000
000000o0o0oooooot=0.0010s0t=0.0015s000000000000000000000OO
00000000000 000o0oDo0o0000000o00o0oo0ooUoO0t=0.0020s00000
goobooooooooobooooooboooobooobooooboooobboooobbooobDoOoooDO

O00Fg 600000000000000000000O00O0O00OO0OOOOOOOOOOOOOOO
gooooobooooooooooboooobooboboooooooboobobooobOooDbboobDbOOobooboOooD
0000000000000000000003000000000000000000000000DO0OO
00 (000D00000)00000000000000000000000000002000000000
gooooooooooooboboooooobooooooobooboooooooboboOobboooobooObobooooobon
0000000000000 0O0000DOU0D00OUDUOOFig. 6000000000000000O0OOOO
gboboooooobobooboooooboooobobooboboobooooobooboboobooboooboobboobooooon
000000000000 Fig. 70000000000000D000DO0OO0Fig. 6000000000000
O0000Fig. 6000000000000000000000O00DO0ODOODOOOOODOOOOODOOO
00000 (000D0)000000000000000000000000000000000000000
0000000000Fig 600000000000000000O00O0O0ODOOODODOOOOOOOOO
gboooboooobooooboobooooooobooboboobooooobooobooooboooooboooboboobooOooon
gboooobooooboooboooooooobobooboboooooooboooboooboooooboooboboOobooooon
000 3000000000000 0oUo0oooUoooUOooLoOOn

t=0.0007s t=0.0010s

t=0.0015s t=0.0020s

Fig. 7 Computational results for the case in which particles in a backward flow are erased (V = 50m/s)

_31_



oooooooogoo

5 J0OOO

SPHOOOOODODODODOODODOOODODODOOODOO0OOD000000000000000000000000
gooobooobooooobooboboobooooobooboboboooboboobobobobobbobOobobo
gboobooooooo

000000005m/s000000000000000000000O0O000000000000000
0050m/s00000000000000000000000O0O0000000000000000000
goooboogoooobooboobooooooboboboobooobobobobobobobbobOoboDbo
goooboogoooobooboobooooooboboboobooobobobobobobobbobOoboDbo
odoo0oooOoooUooO0oOoUoU0oO0oULO0OOU0OO0LOO0OO0OLD 3000UDOLOOoUOODOOO
cobooooboooboboooooo

gooo

[1] Monaghan, J. J.: Smoothed particle hydrodynamics. Annual Review of Astrophysics, 30, 543-574
(1992).

[2] Monaghan, J. J.: Simulating free surface flows with SPH. Journal of Computational Physics,
110, 399-406 (1994).

[3] Gray, J. P.0 Monaghan, J. J. and Swift, R. P.. SPH elastic dynamics. Computer Methods in
Applied Mechanics and Engineering, 190, 6641-6662 (2001).

[4] Batchelor, G. K.: “An Introduction to Fluid Dynamics” Cambridge University Press, Cam-
bridge, U. K. (1974).

[5] Libersky, L. D., Petschek, A. G., Carney, T. C.0Hipp, J. R. and Allahdadi, F. A.: High
Lagrangian hydrodynamics. Journal of Computational Physics, 109, 6775 (1993).

[6] 0O000,0000: SPHOOOOOOOOOODOOOOOODOOOOOOOOOOO.O00O00O0
ooo (AD), 68, 132-138 (2001).

_32_



