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Effects of loading pressure and gap size on the formation of gap jet
under strong dynamic loading

KANG Huaipu', DENG Qiuyang'; REN Guowu', SUN Zhanfeng', CHEN Yongtao!,
TANG Tiegang!

(1. Institute of Flitid Physics, China Academy of Engineering Physics, Mianyang 621900, Sichuan, China)
Abstract: Tolerances iZmachining and assembly often result in gaps in engineering structures. Under strong dynamic loading,
gap jets may form_within“thesevgaps, posing a threat to the reliability and safety of the structure. However, the formation
mechanism of gap jet8 differs\from that of traditional high-speed metal jets, and its formation process still requires systematic
research. Based orla fwo-stage light gas gun, hypervelocity impact loading experiments were conducted on tungsten samples
with gaps. The formation and evolution of the gap jet were recorded using a high-speed framing camera. A numerical model for
predicting the formation of gap jets was established using ANSYS Autodyn. The applicability of the numerical simulation
method was validated by comparing the numerical results with the jet morphology and head velocity history data obtained from

a representative experiment. By adjusting the flyer velocity, gap width, and gap half-angle in the numerical model, the effects of
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these three factors on the formation of the gap jet were studied. The variations in the gap jet head velocity and mass with
respect to these factors were obtained, and the limitations of the steady-state jet model were analyzed. Based on the findings
from numerical simulations, an empirical model was developed to predict the jet head velocity and mass. The results show that
the numerical model based on the Eulerian method can accurately predict the formation of the gap jet under strong dynamic
loading. Loading pressure is the main factor controlling the jet head velocity and mass; as the loading pressure increases, both
the jet head velocity and mass increase accordingly. The gap width and half-angle have little effect on the jet head velocity, but
the mass increases linearly with the gap width and half-angle. Due to significant errors in estimating the gap closing velocity,
the steady jet model fails to accurately predict the formation of the gap jet. In contrast, the developed empirical model shows
good agreement with the numerical results.

Keywords: hypervelocity collision; high-speed jet; numerical simulation; loading pressure; gap size
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Table 1 The material parameters in SG constitutive relation for tungsten!’]

G, /GPa Y, /GPa Y, . /GPa s n G, G, /(MPa-K") Y T ./K
160 2.2 4.0 77 0.13 1.501 -22.08 0.0206 4520

T T g NIBILIRSE.
#2480 Mie-Griineisen K7 HFIZSH
Table 2 The material parameters in Mie-Griineisen equation of state for tungsten(”]
P, /(g em3) C, /(km-s™) S, e

19.30 4.03 1.237 1.67
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Fig.4 Experimental images of gap jet formation (flyer velocity: 3 km/s, gap width: 0.2 mm)
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Fig.5 Numerical results of gap jet formation (flyer velocity: 3 km/s, gap width: 0.2 mm)
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Fig.9 Gap jet formed under different gap widths (flyer velocity: 3 km/s)
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Table 3 The parameters of gap jet under different loading pressures

Vy /(km-s1) p/GPa u /(km-s) D /(km-s™) 0/°
1.00 45.00 0.50 4.65 5.31
2.00 102.00 1.00 5.27 3.01
3.00 170.00 1.50 5.89 2.25
4.00 251.00 2.00 6.50 186
5.00 344.00 2.50 7.12 163
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Fig,11. Effects of loading pressure on head velocity and mass of gap jet (gap width: 0.2 mm)
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Fig.12  Acceleration process of jet within the gap under different loading

]
T

Head velocity/(km-s™)

0.0 0.8 1.6 24
Time/ps

12 ASFEDINAR S 3 S R B A I o ] Bt e

15 T T T T 25 T V T T T
J < 3“/
12 |- - 0 /
| V,
J%
9k Lo = - -
—
YA
e e e e e N @
il %,
3+
—=— Numerical results
— Empirical model
0 " 1 1 n 1 " 1 " 1 n 1 "
0.0 02 0.2 0.4 0.6 0.8 1.0
Gap width/mm

3 (b) Mass vs. gap width
JEE T 18] B ST Sk Bl RE AT BT B 52 R I EE : 3 k/s)

12



wmOoE 5 &
Explosion and Shock Waves

15 T T T T T T T T T T T 12 ™ T T T T T T T T T
12 - 10 -
TE”
e -
2 £
3 7
2 6} - Z 6l -
=
8
]
3k . 4t 4
—®— Numerical results| | > ® Numerical results
— Empirical model 7—7—Empirical model
0 1 Il 1 1 Il 2 1 1 2l L 1
-3 0 3 6 9 12 15 -3 0 3 [ 9 12 15
Gap half angle/° Gap half anglef
(a) Head velocity vs. gap half angle (b) Mdsswys, gap half angle

14 TRVRG 2 of 1] R S0 S 00 2 JEE AN B B (R 2R (CRORSILE =\ 3 /)
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