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Underwater implosion mechanism of PMT area reduction
equivalent model
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Abstract: The photomultiplier tube (PMT) is the core component of the neutrino detector. It is a thin shell structure made of
glass material with a vacuum inside and arranged to work in deep water. Once the PMT is crushed, it generates a strong shock
wave, which will cause a blast of the surrounding PMT. Aiming at the implosion of PMT, a simplified simulation model of
PMT implosion was established, and the simulation results were compared with the experimental results to verify the
rationality of the simplified model. On this basis, the PMT implosion calculation method was proposed based on the area
reduction equivalent model, the influence of the breach area of the guard on the PMT implosion was analyzed by the equivalent
model. The results show that with the decrease of the breach area of the guard, the moment of PMT implosion caused by the
collision of water flow is correspondingly advanced, the pulse width of the shock wave generated by the implosion remains
basically unchanged, and the peak value of the shock wave is significantly reduced. This study is helpful for finding an
effective PMT implosion protection method.
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Fig. 1 Picture of photomultiplier tube Fig. 2 Schematic of test device for implosion
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Fig.3 Process of the PMT implosion
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Fig. 5 Comparison of the simulation and test pressures of the measuring points
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Table 1 Difference between the simulation and test peak pressures of the measuring points

JE J7UE {5 /MPa JEJ11&(H/MPa
P - R/ % LR - R9/%
R BB R BB
1 14.13 12.87 8.9 3 7.08 6.65 6.1
2 7.68 6.65 13.4 4 3.19 2.85 10.7
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Fig. 6 Comparison of the simulation and test impulse of the measuring points
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Table 2 Difference between the simulation and test peak impulse of the measuring points

Lt i W F/(kPa-s)

Lt ip I (E/(kPas)

T ‘ - % T - i22/%
i Btk eV HefRE
1 1.58 1.35 14.6 3 0.87 0.83 4.6
2 1.21 0.91 24.8 4 0.32 0.28 12.5
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Fig. 7 Evolution of the water field
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Fig. 9 Schematic diagram of PMT protection device
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Fig. 10 Equivalent models of the PMT protection device
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Fig. 11 Distribution of measuring points in water field
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