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Numerical Investigation of Overpressure Characteristics of Shock
Waves at Corners Induced by Internal Explosions
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Abstract: To reveal the overpressure distribution characteristics of explosion shock waves in different corner
regions of a sealed chamber and to identify their influencing factors, a combined experimental and numerical
simulation approach was employed to systematically investigate shock—wave overpressure responses at corners
under varying structural dimensions and explosive yield conditions. The reliability of the simulation model was
validated by comparing the experimental data with the corresponding numerical simulation results. The results
showed that the relative error of the overpressure peak was 11.14%, which satisfied engineering accuracy

requirements, indicating that the numerical model can accurately capture the propagation, reflection, and
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superposition processes of shock waves within enclosed spaces. On this basis, seven compartment models with
different structural size ratios and seven operating conditions with varying explosive yields were designed. The
shock—wave overpressure characteristics in both dihedral and trihedral corner regions were systematically analyzed.
The results indicated that as the structural size ratio of the chamber increased, multiple shock—wave reflections and
superposition effects within the chamber gradually diminished. Consequently, the overpressure convergence
capacity at dihedral and trihedral corners decreased, while the relative area occupied by high—overpressure zones at
wall corners within the overall wall surface was significantly reduced.In contrast, as the explosive yield increased,
the shock—wave energy within the compartment increased significantly, thereby expanding the influence range of
wall corner regions. The overpressure convergence effect at both dihedral and trihedral corners was simultaneously
enhanced, exhibiting a more pronounced concentration of high overpressure levels. Based on dimensional analysis
and combined with numerical simulation results, a parametric analysis of corner shock—wave overpressure loads was
conducted, leading to the development of an empirical formula for calculating wall-corner shock—wave
overpressure. These findings provide a theoretical basis and practical engineering references for the blast-resistant
design and safety assessment of enclosed compartment structures.
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Fig.2  Layout of measuring—point sensors
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Tab.1 ~ Peak overpressure at measuring points

S /M Pa
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Tab.3  Material parameters of the explosive
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Fig.3 Cloud map of shock—wave mapping
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Tab.4  Error evaluation of shock—wave overpressure loads

WA S fH/MPa 17 EAH/MPa R%/%
1 0.010 86 0.010 78 -0.74
2 0.011 82 0.011 45 -3.13
3 0.010 99 0.011 70 6.46
4 0.01105 0.011 54 4.43
5 0.009 87 0.010 97 11.14
6 0.01173 0.011 70 -0.26
7 0.01313 0.012 83 -2.28
8 0.010 21 0.010 97 7.44
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Fig.4  Overpressure contour map of internal explosion
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D= x/m y/m z/m
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Fig.6  Overpressure curves at measuring points
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Tab.7  Errors between numerical and fitted overpressure

values at trihedral corners

wlkg Xim B/ (Ap/P)  HUABUE/ (ApIP) R 1%
1.0 1.124 1.125 0.09
12 1.110 1.106 -0.36
1.4 1.089 1.090 0.09

0.000 094
15 1.083 1.082 -0.09
1.6 1.073 1.076 0.28
1.8 1.062 1.063 0.09
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wlkg Xim  BHUEUE/ (Ap/P) B EAE/(Ap/P)  1RE/%
1.0 1332 1330 -0.15
12 1.280 1.283 0.23
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0.000 094
15 1.230 1.228 -0.16
1.6 1.208 1213 0.41
1.8 1.183 8 1.185 0.10
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(/M Pa

® Measured data(normalized)

— Fitted model : k=11.53,n=2.20
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Fig.10  Comparison of numerical simulation and fitting model results in corner regions
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Tab.8 Comparison of numerical simulation and fitting results for

overpressure characteristics at dihedral corners

R/m wlkg B /MPa UG HE/MPa 122%/%
0.000 5 0.130 0.137 5.38
0.001 0.176 0.179 1.71
0.005 0.219 0.220 -0.46
0.910 0.008 0.416 0.417 0.24
0.010 0.481 0.487 1.25
0.015 0.647 0.657 1.55
0.020 0.812 0.813 0.12
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Tab.9  Comparison of numerical simulation and fitting results for

overpressure characteristics at trihedral corners

R/m wikg BAUEUEMPa LA HEME/MPa  R25/%
0.000 094 0.124 0.120 -3.23

0.008 1.181 1.198 1.44

L0069 0.010 1.384 1.391 0.51
0.015 1.792 1.822 1.67

0.020 2.199 2217 0.82

0.025 2.601 2.566 -1.35

0.35

0.30
0.25
0.20
0.15
0.10

IR /MPa

Ca) 11 F71 P BB DL 55400 5 2 20T B A

E11

25 ® Measured data(normalized )

— Fitted model :£=30.99,n=2.02

1.0

IR /MPa

0.5

0 0.005 0.010 0.015 0.020 0.025
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Fig.11 ~ Comparison of numerical simulation results and fitted formula predictions in corner regions
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Tab.10  Comparison between numerical and fitted results in corner regions

wikg X/m BADEEMPa LA BE/MPa 225/%
0.001 1.8 0.138 0.150 8.70
0.005 1.4 0.238 0.255 7.14
0.01 1.0 0.353 0.342 -3.12
0.005 1.2 0.818 0.760 ~7.09
0.008 15 0.893 0.959 7.39
0.010 1.0 1.830 1.732 -5.36
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