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Fig.1 FE model of the centrally located single-point explosion
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Table 1

merical simulations

Detailed arrangement of some configurations for nu-

configuration P L r/cm
P1LO 1 0 3.32
P2L0.2 2 0.2R 2.34
P3L0.4 3 0.4R 1.92
P4L0.5 4 0.5R 1.66
P5L0.6 5 0.6R 1.48
P6L0.8 6 0.8R 1.36

c. L=0.6R

B2 ORI R0 E R B

Fig.2 Diagram of different arrangements of explosives
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Table 2 Material parameters of steel [**
p G JC model
/g-cm™ /GPa A/MPa B/MPa n C m
7.87 82.82 0.3 454 1962 0.752 0.1732 0.699
Note: p is density. G is shear modulus. A, B and C are constants, » is the

a. P=2 b. P=3 Poisson ratio.
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Fig.3 Diagram of different numbers of explosives
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Table 3 Material parameters of TNT?*!

p D P, A B
-3 -1 R, R, @
/g-cm™ /m-s /GPa /GPa /GPa

1.63 6930 21.0 371.2 3.231 4.5 0.95 0.35

Note: D is detonation velocity of TNT. P

and B are constants.R, , R, and w are dimensionless constant.

is Chapman-Jouguet pressure. A

25 S RE R 25 O Rl OC B 5 *EOS_LIN-
EAR_POLYNOMIAL™® 3k & X, #H & = % n & 4
FF7R o

R4 BUHHSE

Table 4 Material parameters of Air!*"

3

p/g-cm™ C,-C,, C, C, G
0.00129 0 0.4 0.4

e/)-cm”

2.5x10°

Note: C,-C, are dimensionless constants, e is energy per unit volume.
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Fig.5 Variation of the pressure value with the mesh size
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Fig.6 Pressure cloud map and deformation diagram of ring at the first stage of flow field evolution for configuration P2L0.5
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Fig.7 Pressure cloud map and deformation diagram of ring at the second stage of flow field evolution for configuration P2L0.5
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Fig.8 Subsequent flow field evolution for configuration P2L0.5
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Fig.9 Pressure and radial displacement of the P2L0.5 ring in U and V directions
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Fig. 10 Differences in the flow field evolution between configurations P2L0.2 and P2L0.8
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Key Influencing Factors of Multi-point Explosions Flow Field Characteristics inside Cylindrical Shells

LIU Lu, XU Hao, REN Yi-fei, DONG Qi
(Institute of Chemical Materials, CAEP, Mianyang 621999, China)

Abstract: When multi-point explosions occur within a cylindrical shell containment, the generated multiple shock waves experi-
ence superposition and coupling, interact with the vessel walls to produce reflected waves, and ultimately resulting in a highly
complex internal flow field. To investigate the flow field characteristics and the key influencing factors for multi-point explosions
within a cylindrical shell, a two-dimensional plane-strain ring model was employed and studied. The results demonstrate that the
evolution of the flow field exhibits periodic behavior. Specifically, when there are 2 explosion points, the reflected wave pres-
sure at the observation points near the inner wall of the circular ring is significantly increased compared with that of the central
single-point explosion. Especially when the distance from the explosion points to the center of the ring is 0.6 times the radius of
the circular ring, this pressure value can reach up to 4.58 times that of the central single-point explosion. Shock wave coupling
in configurations with two or three explosion points enhances structural deformation of the circular shell. However, as the num-
ber of explosion points increases further, the radial displacement of the shell gradually diminishes. Under conditions where the
total explosive mass remains constant and the radial distance of the explosion points from the center is constrained between 0.2
and 0.8 times the shell radius, the two-point configuration induces the most significant structural deformation.

Key words: multi-point explosions;flow field characteristics;evolution of shock waves
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