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Abstract: To study the quasi-static pressure characteristics inside the explosion venting vessels, 3 numerical
models for cylindrical explosion venting vessels were established with the AUTODYN software, including a one-
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end-opening explosion venting vessel, an explosion venting vessel with an ejectable venting cover, and an ex-
plosion venting vessel with a shear pinned venting cover. Based on the Bernoulli equation, a theoretical simpli-
fied model was established to simulate the quasi-static pressure inside the opening explosion venting vessel. A
theoretical simplified model based on the energy conservation equation was established to simulate the quasi-
static pressure in the vessel with a venting cover under different charge weights. In the end, the effects of the
shear pin on the pressure of the explosion venting vessel were discussed in the cases of cutoff or non-cutoff.
The numerical models in previous literatures were established. The theoretical quasi-static pressure results are
in good agreement with the experimental results in the literatures, which verifies the reliability of the proposed
theoretical calculation method. The results show that, the internal pressure of the open explosion venting vessel
decays rapidly, and the quasi-static stage lasts for a short time. The theoretical simplified model based on the
Bernoulli equation can better predict the time when the internal pressure in the explosion venting vessel decays
to the atmospheric pressure. The shock wave in the vessel with a venting cover propagates reciprocally along
the axial direction. The theoretical model based on the energy conservation equation can better predict the qua-
si-static pressure during the pressure decaying process. In the case of the non-cutoff shear pin, the quasi-static
pressure inside the vessel exhibits an obvious platform effect. Compared with the case without a shear pin, the
internal pressure in the vessel with a shear pin will decay basically in the same way after the shear pin with a di-
ameter of 18 mm is cut off, and the venting cover will reach the opening in advance by 0.25 ms. This work
mainly provides a theoretical basis and applicable reference for the structural design of explosion venting ves-

sels.
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Fig. 1 Schematic diagram of 3 explosion venting vessels
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parameter value parameter value
A /GPa 374 B /GPa 3.74
R, 4.15 R, 1.4
® 0.35 E, /GPa 7
v 1 density pyyp 7/ (g/cm®) 1.63
detonation velocity D /(m/s) 6 930 Chapman-Jouguet pressure P, /GPa 21
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Fig. 2 The numerical model for the closed explosion vessel
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Table 3 Comparison of the numerical simulation quasi-static pressure in this paper

and the experimental quasi-static pressure in ref. [ 24]

quasi-static pressure in the closed explosion vessel

TNT charge mass Wy /g

numerical simulation p, /MPa experimental result!!p_ /MPa error 8 /%
5 20.91 22.46 6.9
10 42.03 45.10 6.81

15 62.61 68.25 8.26
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Fig. 3 The numerical simulation of shock wave pressure-time curves inside the closed vessel
1.6 EUERITEREKIE

ARSCH 5 A BV 7 VR MO T RE B~y 15 5 e, T LUAE DT R J5 2 F 58 Z i, A /N9 K SCRR [ 24 ] s P A 2%

PR G I 75 4 o e 25 T ) - B A A A 2R 000 % v A R X B I T e PR S F) 5 B AR B
SCHIR[ 24 ] s A s A B A i Sl BE B 11, T 15 31050 (9) L (10) 5 (11).

Ey+Qum, =E,, (9)
Hp, By NBKERTZ VIR NG, m, AKELGIUR, Q, NIELHEN B, R M5 A BRZS 18] AR Y BE. % T8

HTERER N v, (%85 RS2 R KE | I R AT 3 (R Sk P R 25 ]I RE AR 5 AU . R I e e~ 1E
BEALITEA.
Pa P
VRN Vo =V, m,=—————pV,, 10
po(y - )P m V) HQeme =D e (10)
Hr p, 5p 5N E S GBE G NS WERE p, 5 p 450G = SR 55 [
Iy, Ay 20 BRI SR RGP AR A D A G858, V, A RE2SIRFL e AR B4 R 7 p 3R
[ff1n+@myv—n
p= v , (11)
V,=312%x 10" m’, y, = 1.4,y = 1.35,p, =0.101 MPa, Q, = 4.29 x 10° J/kg, m_ 535} 5 ¢,10 g M 15 g.
PR R 7 ) SE 30 (5 B THEAEHE X L, IR 250 BIE 5% ~ 8% 2 [, vl LAk B AR SCfif AL B A
ARG HEME , BRI 4 Fos.
4 RSO B TIN5 SCHR 24 ] Pt fA 0 Ho A it

Table 4 Comparison of the theoretical quasi-static pressure in this paper and the experimental quasi-static pressure in ref. [ 24 ]

quasi-static pressure in the closed explosion vessel

TNT charge mass Wiy /g

theoretical prediction p, /MPa experimental result!?*!p_/MPa error 8 /%
5 24.06 22.46 7.12
10 48.12 45.10 6.70
15 72.18 68.25 5.76
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Table 5 Comparison of the effects of different shear pin diameters on the quasi-static pressure and the cover velocity

quasi-static pressure when the cover velocity of the cover reaching time of the cover reaching
shear pin diameter d /mm . . .
reached the vessel opening p. /MPa the vessel opening v, /(m/s) the vessel opening ¢, /ms
no shear pin 10.3 131.72 2
10 9.09 125.9 2.1
18 8.67 120.92 2.25
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