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Development of Methane-Air Deflagration-Driven Blast Wave Simulator I:
Geometric and Structural Design
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(1. State Key Laboratory of Disaster Prevention and Mitigation of Explosion and Impact, Army Engineering University,
Nanjing 210000, Jiangsu, China,
2. School of civil engineering, Suzhou University of Science and Technology, Suzhou 215000, China)

Abstract: Efficiently achieving plane wave loading on the test specimen is a key technical issue in the design of blast wave
simulators. Based on the existing device, testing data of large-scale shock tubes, and LS-DYNA software, numerical models of
blast wave propagation in simulators were established. Numerical simulations were conducted to develop a safe, economical,
and reusable blast wave simulator. A quantitative method for assessing the uniformity of overpressure load on the loading area
was proposed. Numerical analyses were performed to investigate the influence of the shape and length of the expansion section
and the length of the conditioning section on the uniformity of overpressure load on the loading area. Key structural
parameters, including the wall thickness of the expansion and conditioning sections, as well as the spacing and height of the
stiffeners, were numerically optimized. Validation tests were conducted on the blast wave simulator. It is found that the

established numerical model can accurately reproduce the blast wave propagation, and the prediction results show good
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agreement with the testing data. Taking the errors of overpressure peak value and arrival time as indicators, the quantitative
evaluation of overpressure load uniformity on the loading area is achieved. Considering the balance between technical and
economic factors, the developed blast wave simulator is designed with a symmetrically configured expansion section 3 m in
length. The length of the conditioning section can be extended as much as the actual investment allows. Based on the numerical
results, the wall thickness of both the expansion and conditioning sections is determined to be 30 mm. The height and spacing
of the stiffeners are both recommended to be 150 mm. The results of validation tests confirm that the geometric and structural
design meets the requirements of blast loads and structural resistance, and the developed simulator is suitable for component-
level tests.

Keywords: blast wave simulator; expansion section; conditioning section; LS-DYNA; structural design
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Fig. 2 Arrangement of overpressure sensors in a long configuration'”
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Fig. 8 Schematic diagram and dimensions of the blast wave simulator
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Table 1 Cases with different expansion sections and shaping sections in numerical simulation

PRB Y B /m

K /m 1 2 3 4 5 6 8
1 H.1
2 H.I S S S S
3 H.I H.I. S H.L. S H.I.S H.L. S S
4 H.I H H.S H.1. S S S
5 H.I H H.S H.1. S H.S H
6 S S H.L. S H.L.S S
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Table 2 Comparison of overpressure load distribution errors between Horizontal type cases

75 it H L L, HBHEIRE/% A R] 5 2% /ms JRYENIE S S /m
1 Ho4 6 4 3 0.29 0.28 10
2 HS58 5 8 8 0.24 0.35 13
3 H54 5 4 7 0.28 036 9
4 H35 3 5 6 0.50 0.50 8
5 H63 6 3 19 0.21 0.56 9
6 H44 4 4 14 0.38 0.60 8
7 H53 5 3 26 0.2 0.71 8
8 H52 5 2 32 0.18 0.83 7
9 H43 4 3 36 0.16 0.89 7

10 H34 3 4 29 0.45 0.96 7
11 H42 4 2 40 0.23 1.04 6
12 H21 2 1 26 0.68 1.08 3
13 H31 3 1 30 0.62 1.12 4
14 H33 3 3 46 0.16 1.12 6
15 H51 5 1 42 0.29 1.13 6
16 H41 4 1 38 0.43 1.15 5
17 H32 3 2 45 0.41 1.28 5
18 HI11 1 1 33 1.32 1.71 2
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Table 3 Comparison of overpressure load distribution errors between symmetrical-type cases

e miH L, L, MR ZE % HF 115225 /ms JERINES = M /m
1 S36 3 6 0.61 0.04 0.137 9
2 S34 3 4 1.40 0.07 0.266 7
3 S44 4 4 2.81 0.06 0.360 8
4 S52 5 2 1.64 0.11 0.373 7
5 S35 3 5 4.38 0.02 0.401 8
6 S46 4 6 3.98 0.05 0.433 10
7 S54 5 4 4.33 0.06 0.484 9
8 S45 4 5 5.91 0.04 0.569 9
9 S55 5 5 6.61 0.04 0.626 10

10 S42 4 2 3.54 0.16 0.637 6
11 S25 2 5 4.95 0.13 0.686 7
12 $33 3 3 6.93 0.11 0.804 6
13 S32 3 2 8.32 0.09 0.874 5
14 S43 4 3 11.04 0.02 0.944 7
15 S53 5 3 12.26 0.02 1.043 8
16 S24 2 4 11.08 0.10 1.121 6
17 S23 2 3 5.33 0.39 1.283 5
18 S22 2 2 10.03 0.46 1.818 4

R4 RBEMAINRAEY KENBEBERH ST
Table 4 Comparison of overpressure load distribution errors

between inclined and asymmetric types

i i H L L, HAFEIR2/% B J]i52%/ms kiR B /m
1 164 6 4 2 0.19 0.24 10
2 154 5 4 4 0.23 0.35 9
3 135 3 5 3 0.33 0.41 8
4 144 4 4 9 0.28 0.52 8
5 163 6 3 14 0.14 0.55 9
6 134 3 4 17 0.28 0.77 7
7 133 3 3 27 0.07 0.89 6
8 21 2 1 15 0.53 0.94 3
9 131 3 1 19 0.47 1.02 4

10 141 4 1 28 0.33 1.16 5
11 151 5 1 33 0.19 1.18 6
12 132 3 2 29 0.35 1.21 5
13 11 1 1 19 1.06 1.57 2
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R, TR] IR REZ I 1o 70 A% A UK BE, SRSl BN T 1 T R 12 ms Jiw, wh i et ARIE B2 2 m BE S, B4 T
ST AL, LG P 1 I, s A 2 S P — 2P R
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Fig. 10 Overpressure contours of blast wave propagation
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Table 5 Comparison of maximum stress

Fr i I 55 BE /mm faf 4RI {H /kPa 5K J1/MPa 5B IRREE 5 /%
1 100 175 72 20
2 100 260 106 30
3 100 300 121 34
4 100 400 161 45
5 100 500 201 57
6 100 600 240 68
7 100 715 284 80
8 100 800 317 89
9 150 320 72 20
10 150 470 106 30
11 150 600 136 38
12 150 800 170 48
13 150 1000 211 59
14 150 1200 254 72
15 150 1350 284 80
16 150 1500 315 89
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Fig. 14 Blast wave simulator developed in this study
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