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Abstract

To investigate the impact of high-voltage electrical pulse breakdown on rock fragmentation and
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changes in rock conductivity and dielectric constant during breakdown, a multi-physics coupling
numerical model based on electric field, heat transfer field, and solid mechanics field was estab-
lished using COMSOL Multiphysics simulation software. The results indicate that considering changes
in electrical parameters (electrical conductivity and dielectric constant) delays the time required
to form a complete electrical breakdown channel. Moreover, the maximum temperature corre-
sponding to changes in electrical parameters does not exceed that corresponding to fixed values by
more than 0~170 ns; however, after approximately 170 ns, this relationship reverses. The maxi-
mum current density decreases as electrode spacing increases while the temperature within the
breakdown channel can reach up to 10* K. Longer voltage rise times result in complete rock frag-
mentation with maximum stress reaching up to 103 MPa. These research findings provide valuable
guidance for selecting optimal.
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Figure 1. Electrical-thermal-mechanical coupling of multiple physical fields
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Figure 2. Two-dimensional electric pulse rock breaking model

B 2. ZHEmpohaaRE

DOI: 10.12677/hjce.2024.1312259 2362 AT


https://doi.org/10.12677/hjce.2024.1312259

BT 4

Table 1. Material parameters of electrode and insulating medium
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Table 2. Rock mass parameter
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Figure 3. Maximum initial breakdown electric field intensity with different porosity
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Figure 4. Plasma channel formation process
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Figure 5. Effect of electrical parameter variation on formation time of complete breakdown channel
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Figure 6. Effect of variation of electrical parameters on the maximum temperature during electrical breakdown
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Figure 7. Effect of different electrode spacing on temperature distribution
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Figure 8. Effect of different electrode spacing on plasma channel
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Figure 9. Pulse voltage waveform
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Figure 10. Influence of different voltage rise times on current density
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Figure 11. Influence of different voltage rise times on stress distribution
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