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Abstract

Based on the characteristics of the Silurian Longmaxi Formation shale reservoir and horizontal wells
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in the Jiaoshiba area of the Sichuan Basin, this study constructed a closed-loop heat extraction model
for a single coaxial horizontal well. By employing finite element simulations, the heat extraction per-
formance of different systems was investigated, and the influence patterns of wellbore structure and
injection-production parameters were analyzed. The research demonstrates that under the conditions
of a water circulation rate of 1500 m3/day, an injection temperature of 20°C, and a horizontal section
length of 1500 m, the wellhead temperature of the single coaxial horizontal well reaches 57.84°C,
with a heat extraction power of 2746.29 KW during the initial operation phase. After 10 years of cir-
culation heat extraction, the wellhead temperature decreases to 33.51°C, and the heat extraction
power drops to 980.43 KW. An increase in water circulation rate reduces the wellhead temperature
but enhances the heat extraction rate, while an increase in injection temperature raises the wellhead
temperature but lowers the heat extraction rate. Moreover, increasing the horizontal section length
effectively improves both the wellhead temperature and the heat extraction rate. These findings pro-
vide theoretical guidance for future field applications.
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Figure 1. Schematic diagram of the coaxial horizontal geothermal well structure transformed from shale gas horizontal well
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Figure 2. Model verification for unsteady heat transfer in closed-loop flow
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Table 1. Petrophysical parameters of geological stratigraphy [16]-[22]
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Figure 3. Geothermal temperature profile and initial geothermal field distribution of the full formation model
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Table 2. Parameter design of different heat extraction simulation schemes
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Figure 4. Comparison of heat extraction performance in the base case of a closed-loop system with coaxial horizontal well
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Figure 5. Fluid temperature along the wells in a t coaxial horizontal well closed-loop system after 10 years of water circulation
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Figure 6. Comparison of heat extraction performance in a coaxial horizontal well closed-loop system under different circula-
tion flow rates
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Figure 7. Comparison of heat extraction performance in a coaxial horizontal well closed-loop system under different injection
temperatures
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Figure 8. Comparison of heat extraction performance in a coaxial horizontal well closed-loop system under different horizontal
section lengths
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