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Calculation Method and Application of a Two-dimensional Finite-length Line
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[ Abstract ] Ground source heat pumps utilize underground rock and soil as heat sources and sinks. Their heat exchange
performance and economic efficiency are closely tied to the soil thermal conductivity coefficient specified during design. Currently,
the infinite-length line heat source model is predominantly employed for estimating soil thermal conductivity. This model treats
buried pipes as infinitely long linear heat sources, making it difficult to accurately describe the actual temperature distribution of
soil outside the borehole. To enhance the calculation accuracy of soil thermal conductivity, this paper proposes a two-dimensional
finite-length linear heat source inversion method for soil thermal conductivity. The integral mean temperature of the borehole wall
is calculated using an analytical solution derived from the virtual heat source method and described by introducing a dimensionless

function. Based on field heat response tests conducted at a site in Tianjin, this study analyzes the effectiveness of the proposed
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method in practical engineering applications. Results indicate: the heat exchange rate per unit well depth of the buried pipe exhibits

a high linear correlation with the average fluid temperature (R?>=0.9985); the soil thermal conductivity calculated using this method

is 1.56 W/(m-K), providing valuable reference for the design of ground source heat pump systems.

[Keywords] Ground source heat pump; Thermal response test; Two-dimensional finite-length line heat source model; Soil

thermal conductivity; Numerical simulation
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polyethylene pipes and backfill materials
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