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Highlights

« A method to simplify analysis of heat transferafge scale boreholes heat exchangers is proposed.

» Representative boreholes matrix can be used taaefthe original large-scale boreholes for heatfex analysis.

» The representative boreholes matrix can be detedrby thermal analysis of a single borehole.

Abstract: A simplified heat transfer method to analyze tiermal performance of large-scale boreholes grwed exchangers (GHE) has
been proposed considering the geometric symmettyocghole layout. Taking the ground heat exchamg#r matrix layout of vertical
boreholes as the example, the ground temperatsirgbdition is analyzed under the conditions of nougdwater advection by the proposed
simplified method. Based on the simulation resudtsepresentative boreholes matrix can be proptsedplace the original large-scale
ground heat exchanger for heat transfer analys@&arivhile, the results show that the representativeholes matrix can be determined by
the thermal influence radius of a single borehgl@ssuming all the boreholes have the same thdomd$ and also in the same geological
conditions, geometry parameters and operating tiondi It is indicated that the thermal influenealius of a single borehole can be
obtained according to the allowed error range efgtound temperature responses, which can corrdsmby determine the number of the
representative boreholes matrix.

Keywords: large-scale boreholes; ground heat exchangerstiaester analysis; simplified method

0 Introduction

The ground-coupled source heat pump (GCHP) systesimg the shallow underground geothermal energy to
provide space heating and cooling have been widgpfied in commercial and residential buildingsGhina, among
which the most widely applications are the GCHPesys with vertical boreholes. The heat transfercgss of the
ground heat exchanger (GHE) with vertical boreh@eslatively complex especially for the systenthva great number
of boreholes and long-term operation because ofirbeitable thermal interference phenomenon amatjgcant
boreholes [1]. The most currently utilized methofithe GHE are based on the heat transfer modelsaigle borehole
in surrounding ground under the assumption of thestant thermal properties of the ground. Thenstifgerposition
principle is employed to analyze the ground tenmpeeearesponses caused by all the boreholes cdimggithe GHE. The
common heat transfer models for a single borehwikide analytical models such as the line heatcgomodel [3,4],
cylindrical heat source model[5] and numerical nisf@e8]. It is noticed that some large-scale GHEtsgns usually
include hundreds or even thousands of boreholab ttean thermal analyses of such systems may be datgnally
inefficient due to the large number of boreholegolmed. Therefore, the conventional models basedhensingle
borehole model and the superposition principle ino@nvenient for the design of the large-scale G$y&tems in
engineering applications.

In order to reduce the tedious computation worklaaane simplified calculation methods have beepgsed in
previous studies. Xu [9] and Li [10] made a siniptifassumption by taking the heat released by btesltas the inner
heat source of the buried pipe area. This methoy reduce the complexity of calculation and savestadtial
computation time, yet it might result in less aetartemperature responses around the boreholesdeetize heat
released intensively from the buried pipes wasrassluto be a kind of uniform inner heat source i whole buried
pipe area. Zhang [11] conducted a study on the rgnoiend temperature variations of two different diale
configurations (i.e. 3x3 and 4x4 matrix layouts)hithe operation time of dozens of days. The audhew a conclusion
that a representative boreholes matrix of 3x3 @mrployed to substitute the large-scale borehblE&sGaccording to
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