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Abstract: Underwatey multi-point explosions in a finite water domain bounded by a free surface and a rigid bottom are
frequently encOuhteied-infpractical blasting engineering, yet the coupled effects of source spacing, initiation sequence, and
confined boundaries oA shockwave loading remain insufficiently understood. This study quantitatively investigated the
evolution of shockwave pressure fields generated by two underwater explosion sources under such confined conditions,
focusing on the influence of source spacing and delayed initiation as well as the interaction with the free surface and the rigid
bottom. A two-dimensional multi-physics coupled numerical model was developed using the open-source software
OpenFOAM with the BlastFOAM solver. The computational domain measured 4000 mm in length and 1500 mm in width,

consisting of a 500 mm air layer above a 1000 mm water column. Two 1 g TNT charges were placed at a depth of 500 mm
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with center-to-center distances of 160 mm, 320 mm and 480 mm, respectively. The bottom and side walls were set as rigid
boundaries, while the top of the air domain was treated as a non-reflecting boundary. The adaptive mesh refinement (AMR)
technique based on a pressure-gradient criterion was employed with a maximum refinement level of six to accurately capture
the shockwave front. Water was described by a polynomial equation of state, air by the stiffened gas equation of state, and
the TNT detonation products by the Jones—Wilkins—Lee (JWL) equation of state. The numerical model was validated by
comparing the computed overpressure peaks and impulses at various scaled distances with empirical formulas, experimental
data and LS-DYNA simulations, showing a relative error below 10%. Fourteen pressure monitoring points (G1-G14) were
arranged horizontally, vertically and obliquely around the two-source system to record pressure histories, and both
simultaneous and delayed initiation (with a time interval of 0.2 ms) were simulated. The source spacing had little effect on
the overpressure peaks on the left and right sides of the two-source system, but significantly infkle ced the pressure field in

the region perpendicular to the line connecting the two sources. Within a certain range, a larger, eased the positive

pressure duration of the shockwave from 0.152 ms at 160 mm to 0.222 ms at 480 mm. F iditiation with a 0.2 ms

interval, the initial superimposed wave exhibited a peak overpressure 327% higher thamit nder Simultaneous initiation.

The overpressure time histories near the free surface showed a distinct pressure trunedti nomenon, while the region
adjacent to the rigid bottom experienced multiple reflections and superpositionss amplifying the local pressure by a factor of
1.5 compared to the free-field condition. Delayed initiation also produced verpressure curves and stepwise
impulse loading. It is concluded that source spacing and initiation ¢yming_ar&\Key parameters governing shockwave
superposition in underwater two-point explosions: spacing mainly afw pfﬁsure field in the direction perpendicular to
the source alignment, while delayed initiation can significantly e th iftial superimposed overpressure but may reduce
far-field impulse. The free surface causes pressure tmnl&‘ %as the rigid bottom generates reflected-wave
enhancement. The two-dimensional numerical model bas nQpenFOAM is capable of qualitatively capturing these
complex phenomena, providing theoretical guidance atiotemporal design of multi-source underwater blasting.
Quantitative three-dimensional engineering assessments réq rther simulation or experimental validation.

Keywords: OpenFOAM; BlastFOAM; underwater explosion; shock wave; multi-point explosion; Initiation sequence; Peak
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Fig.1 Numerical calculation model for two-point underwater explosions in the finite water area
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Fig.10 Effect of detonation timing on shock wave load characteristics from underwater dual explosive sources
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