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Abstract: This study investigates vertical coaxial heat exchangers used in a seasonal soill
thermal storage system. Under the constraints of a total installed borehole length of 400 m, a
total system mass flow rate of 1.24 kg/s, a minimum center-to-center spacing of 3 m between
adjacent boreholes, and a circular layout area with a diameter of 15 m, a three-dimensional
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transient heat-transfer model coupling the coaxial heat exchangers, backfill material, and
surrounding soil was developed. The heat injection and extraction performance, together with
the temperature responses during the heat-injection and heat-extraction stages, were
compared for eight parallel configurations containing one to eight VCHEs. A finite line-source
(FLS) model was further employed to characterize the ground-side thermal response and
inter-borehole thermal interference. The results show that the heat-extraction efficiency first
increases and then decreases with increasing number of parallel branches, rising from
22.31% for S1 to a maximum of 34.39% for S6 and subsequently decreasing to 32.78% for
S8. From S6 to S8, the equivalent thermal influence radius increases only from 7.279 to 7.359
m, corresponding to an increase of 1.10%, indicating that the marginal benefit in horizontal
ground coverage approaches saturation at higher branch numbers. The long-time average
dimensionless FLS response indicator, g ., increases from 7.579 to 15.359, accompanied
by an increase in the thermal-interference ratio. From S6 to S8, g ¢ sStill increases by 2.54%,
whereas the heat-extraction efficiency decreases by 1.611 percentage points, demonstrating
that a stronger theoretical ground-side thermal response does not necessarily translate into
greater practical heat recovery. The hydraulic-trend and engineering-implementation analyses
indicate that, under a fixed total flow rate, increasing the number of parallel branches leads to
a decrease in the relative frictional-resistance trend of each underground VCHE branch, while
simultaneously increasing the number of borehole connections, interfaces, and
commissioning requirements. Considering heat recovery, effective ground utilization, thermal
interference, hydraulic trends, and engineering implementation, S6 can be regarded as a
rational turning-point configuration under the prescribed resource constraints rather than a
universally optimal solution for all sites. These findings provide a reference for selecting the
number of parallel branches in seasonal underground thermal storage systems subject to
fixed total borehole length and total flow rate constraints.

Keywords: vertical coaxial heat exchanger; seasonal soil thermal storage; number of parallel

branches; FLS-g function; thermal interference
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Fig. 1 Schematic diagram of the layout and flow
paths of parallel vertical coaxial heat exchangers
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Table 1 Configurations of vertical coaxial heat exchangers with different numbers of parallel branches
PES e IFERE R FAEEK/mM MBI Im SCEE IR R (kgls) PP I8 (m/s)
S1 1 400.0 1.240 0.80
S2 2 200.0 0.620 0.40
S3 3 133.3 0.413 0.27
S4 4 100.0 0.310 0.20
S5 5 80.0 400.0 0.248 0.16
S6 6 66.7 0.207 0.13
S7 7 57.1 0.177 0.11
S8 8 50.0 0.155 0.10
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Fig. 2 Annual operation stage division of the seasonal underground thermal energy storage system
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Table 2 Thermophysical properties of the materials
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Fig. 3 Average temperatures of the fluid at the
pressure outlet and the soil at the end of the heat
injection period under different mesh division
schemes
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pressure outlet and the soil at the end of the heat
injection period under different time-step sizes
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Fig. 10 Comparison of the soil temperature field and
thermal influence zone at the end of the heat injection
period for three representative parallel-branch
schemes
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Fig. 11

Coupled variation of long-time FLS response, inter-borehole interference, equivalent thermal-influence

radius, and heat-extraction performance
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