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Abstract: Traditional Lagrangian and Eulerian algorithms exhibited certain limitations when addressing problems involving large
mesh deformations and complex fluid—structure interaction (FSI) in explosions. To investigate the load characteristics of
acetylene explosions and their impact effects on adjacent structures, a finite element model was established based on the structured
arbitrary Lagrangian—Eulerian (S-ALE) FSI method. Numerical simulations were conducted to model the explosion of a 20 L

spherical acetylene—air mixture and its subsequent impact on a target plate. The simulations were performed using ANSYS/LS-
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DYNA, with the geometric model consisting of the explosive domain, the air domain, and the target plate. To reduce
computational cost while maintaining accuracy, a one-eighth symmetry model was adopted. Key parameters under different
acetylene volume fractions and equivalent trinitrotoluene (TNT) masses, as well as the dynamic response of the target plate, were
systematically examined, with results compared against those obtained using the multi-material arbitrary Lagrangian—Eulerian
(MMALE) coupling method. The results indicate the following: (1) Compared with traditional methods, both the S-ALE and
MMALE methods demonstrate superior accuracy and effectiveness in simulating acetylene explosion coupling problems.
However, the S-ALE method offers greater advantages in model setup, meshing, computational efficiency, and stability, with
these benefits becoming more pronounced as the model size increases. (2) Under identical conditions, the peak overpressure and
peak velocity of the shock wave generated by a 7.75% volume fraction acetylene explosion in the air domain are lower than those
of an equivalent TNT explosion, whereas the positive pressure duration is relatively longer. The differences in pressure and von
Mises stress responses on the target plate between the two cases are minimal, indicating that, based/ef the principle of equivalent
explosion energy, acetylene can induce damage effects comparable in magnitude to those of chemgical*explosives in terms of
specific structural response indicators. (3) Through systematic comparisons involving tasget plates of different materials and
various acetylene volume fractions, the load characteristics of acetylene explosions andithe Certesponding structural response
patterns are elucidated. The validity and superiority of the S-ALE method in simulatingsacetylene explosion impact problems are
confirmed, providing a numerical basis for assessing the feasibility of acetylene as an‘exploSion source in specific scenarios and
offering important references for the design of blast-resistant structures and the optimization of safety protection measures.
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Table 1  Air and acetylene/air gas parameters
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Sk ERFE0 2tk pkgm3  JBE Py (MPa) Co/Pa  C~C; C4 Cs C¢ EyPa V,

=5, - 1.29 - -le+5 0 04 04 0 25e+t5 1.0

026 026 4.348¢+

W (7.75%) 1 1.278 2.28 0 0 0 1.0
2 2 6
027 027

K (9.5%) 1.25 1.275 2.288 0 0 7 7 0 4.174+6 1.0

K (11.6%) 1.56 1.273 2.22 0 0 029 029 0 3.869+6 1.0
028 0.28

L (12.3%) 1.67 1.27 2.15 0 0 . 3 0 3.777+6 1.0

TNT #E25 51 FH*MAT _HIGH_EXPLOSIVE BURN #EHE R B S e 2%, *EOS_JWL & X
WEFRE, HET:
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Table 2 TNT material parameters
p (kg/m®) D (m/s) PCJ (GPa) Al (GPa) Bl \(GPa) R1 R2 ® E (GJl/m?*)
1630 6930 21.0 371.2 3231 415 095 035 7.0

HFrbi A RHE T ANSYS #4 8 H 48 5 5814 (@A6  In3R 3. 3K 4 fivn, TRE AR iE
7 *JOHNSON_HOLMQUIST CONCRETER!#2 (JHCY W EAMEISH, W 5 P, S8 H
T. J. Holmquist f1 G. R. Johnson X *Johnson-Cook MW AT i, &t xR B L ah A i #2 v i R T
] RIS H o

®3 BHMREY

Table 3 Aluminum material parameters
eI BE (pokgm?) HIREEE/Pa kAL ERSEE/Pa VA /Pa IR AR R K

B 2713 6.904e+10 0.33 1.2e+8 2.5e+8 0.15

R 4 PA6 RIS ¥

Table 4 PAG6 material parameters
B TR # L, (po/kg-m) BB /Pa A KRR Pa BIYIH R/Pa
% (PA6) 1140 1.111e+9 0.35 1.2336e+9 4.1151e+8
®S5ORBIMBEH

Table 5 Concrete material parameters

MID Po G A B C N FC
60 2320.00 1.486e+10 0.001 1.60 0.07 0.61 4e+07
T EPSO EFMIN SFMAX PC uc PL UL

4e+06 1.00 0.01 7.00 1.6e+07 0.001  8et+08 0.1
DI D2 K1 K2 K3 FS

0.04 1.00 8.5¢+10 -1.71et11 2.08¢+11 0.0

2 JUMREE S5Mig XI5
2.1 {RBEN
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Table 6 Keyword command

$# posz betype mshid negx pOSX negy posy negz
SYM 1 1 0 1 0 1 0
NONREFL 1 0 1 0 1 0 1
2.2 MIHEXISy

£ S-ALE J5iEf, HM#s a8 7*ALE STRUCTURED MESH & X S-ALE M#% . #4D%
FHZ ARSI RUSH AR o0 KRS AP B [ AN &5 S B2 A B AR MR, R RGH I Rad v/, 2550
LR SRR RO N, AT ECREOR S R & SO EOR B TR, AR THRORZE . RIS
TE PRI RS 0 BB S R A AR, A SR OB AL I AN [F] s ST 5 R84 4D 5 SR e 7
FIi7R o
7 FREIMBR TR

Table 7 Comparison of results for different mesh sizes

Y5 SYALE Wi #%/mm BIES/mm  HARR/mm H FRR % 25 /mm von Mises/Mpa

1 T0*10*10 10 10 0~230.9 0~10.309
2 15%15%15 15 15 0~240.45 0~7.592
3 20%20*20 20 20 0~246.01 0~8.634
4 15*15*15 10 10 0~234.32 0~11.665
5 10*10*10 5 5 0~230.25 0~10.707
6 8*8*8 8 8 0~229.54 0~10.832
7 8*8*8 5 5 0~230.9 0~10.743
8 6*6*6 6 6 0~228.21 0~10.034
9 5*5%5 5 5 0~229.04 0~10.509
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(a) Aluminum plate pressure contour map
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(b) PAG plate pressure contour map

(c) Concrete slab pressure contour map

Fig.5 Pressure cloud maps of different target boards and their di
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Fig.7 Acetylene/air explosion damage to plate structures: fluid flow diagram
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Fig.8 Different finite element simulation models
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Fig.11 Comparison of model pressure and target plate von Mises stress
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