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Analysis of Impact Loads on Wedge for

Shallow Water Entry Based on CFD

YUAN Yingcong, CHEN Chaohe
(School of Civil Engineering and Transportation, South China University of Technology, Guangzhou 510641, China)

Abstract: In order to study the characteristic of slamming pressure on wedge during entering water, over-
lapping grid method was used to simulate the water entry process. The slamming pressure of wedge at three dif-
ferent entry velocities was calculated. Moreover, the numerical simulation method was verified by comparing
with the experimental result. In addition, by changing the water depth, the process of wedge entering water with
finite depth was simulated to investigate the influence of water depth on the surface pressure, falling speed and
free water surface. The results show that the water depth of shallow water will increase the pressure on the
wedge. The shallower the water, the greater the pressure. The wall effect also causes the wedge to accelerate in
the opposite direction of falling. The shallower the water, the greater the reverse acceleration. In addition, com-
pared with infinite water depth, the free water surface will rise more significantly in shallow water.

Keywords: computational fluid dynamics( CFD) ; 2D wedge; water entry; swallow water; water impact
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Tab.1 Parameters of wedge shape model

KTt Dead KJE Length e Width FUEE Total height T Freeboard JEyriny
rise angle/( °) /m /m /m /m Total mass/kg
45° 1.5 0.9 0.75 0.3 553
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Fig.1 The model of the wedge Fig.2 The profile of the wedge
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Fig.3 Computational domain division Fig.4 Grid distribution from inside to outside
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Tab.2 Grid convergence analysis

a6 B b Y
— 1Rt X e HE X &
] - P, ES1I&(E L
CL A Ui Bl ol Bl | IRIT Bk
. Number of . . a . Peak pressure ) T .
Grid . Grid size of Grid size of Simulation time/min
erid elements of P,/Pa
background /m overset/m
1 66 140 0.30 0.060 27 565.85 13.36
2 107 907 0.25 0.050 26 508. 54 23.98
3 192 482 0.20 0.040 26 365. 84 43.65
4 414 709 0.15 0.030 26 631.60 107.97
5 1 300 773 0.10 0.020 25 190. 10 298.13
6 1 725 764 0.09 0.018 25 371.70 547.42
— [H 1 Grid 1
28~ M 1% 2 Grid 2
E i — W4 3 Grid 3
260 [, B % 4 Grid 4
24F 'R [t S Grid 5
22;' | 4% 6 Grid 6

JE 77 Pressure/kPa
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Fig.5 Grid convergence curve Fig.6 Selected grid for simulation
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Tab.3 Experimental condition of the wedge

, . AR P e i ALK A BE
T, Condition , . .. . -1
Fall height of wedge/m Initial entry velocity of wedge/ (m + s~ ")
1 0.55 3.283
2 0.70 3.704
3 0.85 4.082
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Tab.4 Peak pressure of three working conditions
}Ejj mifﬁ Peak pressure

T JEF70 5 Pressure

Condition measuring point *%*u{a Value of ﬁt%fﬁ Value of %fﬁ Percentage of
simulation/Pa experiment/ Pa value difference( % )
P, 12 932.51 12 200. 37 6.00
| P, 11 280. 38 11 487.42 -1.80
P, 10 564. 34 11 039. 86 -4.31
P, 9 279.28 8 773.19 5.77
P, 15 452.40 15 098. 39 2.34
5 P, 13 120.98 13 285.88 -1.24
P, 12 158.81 12 247.70 -0.07
P, 10 537.25 10 794. 64 -2.38
P, 17 821.76 18 619.61 -4.48
3 p, 14 997.99 15 724.53 -4.84
P, 13 694. 39 14 396. 67 -5.13
P, 12 054.21 12 689. 82 -5.27
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Fig.7 Pressure curve of condition 1 Fig.8 Pressure curve of condition 2
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Fig.10 Water depth dependence
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Fig.11 Pressure distribution on the surface of wedge under various water depths while t=0.10 s
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Fig.12 Time dependence of the velocity
of wedge at different water depths
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Fig.13 Comparison of free surface change caused by entry of wedge into water under two different water depths
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