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Study on a calculation algorithm for the design of slinky
heat exchanger and performance evaluation of a large
scale GSHP system
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Ground source heat pump has been recognized as a sustainable way of space heating and
cooling in the world. If the electricity is provided by renewable energy, GSHP is a zero CO2
emission system, which is a great contribution for decreasing CO2 emission and establishing
a sustainable world.

Vertical GSHP system provides high efliciency, requires less land area but a relatively high
initial investment. While, horizontal GSHP system needs a rather large land area but low
initial investment. Vertical borehole GSHP system is the dominating system applied in the
world as far, theoretical and numerical studies have been performed to get a proper system
design. Classic models such as infinite line source, finite line source and finite cylindrical
source has been proposed and applied for the system design for years. On the other hand, the
application of the horizontal system is not as wide as vertical system, the research regarding
to the horizontal system is relative rare. Numerical study of the horizontal system analysis is
carried out by researches, but there is no theoretical analysis concern about the horizontal heat
exchanger which is important for the system design as we have addressed previously. Due to
the priorities of the horizontal ground source heat pump (HGSHP), it has been recognized as
an alternative solution compared to the vertical GSHP system. A proper system design is of
important on considering the efficiency and costs. Thus, a study regarding to the heat transfet
of the slinky heat exchanger with its surround ground with and without the groundwater flow
was carried out and the study aims to build a calculation algorithm for the horizontal slinky
heat exchanger design without and with the groundwater flow, then package the algorithm to
a design tool to provide convenient for the horizontal system design for the engineering.

The content of each chapter is organized as follows:

Chapter 1 is a general introduction of global energy consumption, GSHP market situation
in main adopted countries and their properties.

Chapter 2 reviews the research background on both vertical and horizontal system, includ-
ing theoretical and numerical research and a introduction of GSHP system design tool. Based
on the review, the objective of current research is proposed correspondingly.

Chapter 3 focuses on the theoretical study of the multiple ring sources to solve the tem-
perature response of the slinky heat exchanger. A ring source model was established and
solved analytically to describe the temperature variation of the ground caused by a spiral heat
exchanger firstly. The virtual ring tube surface temperature response of unit ring circle was
calculated by a superposition of the contributions of the ring source itself and adjacent ring
sources. Furthermore, a fast algorithm was created to compute the average tube surface tem-
perature. It is confirmed that the calculation time of this proposed algorithm decreased by a
factor of 100 compared with the traditional integration method. On the other hand, a theoret-
ical model of the straight horizontal heat exchanger was proposed as well. The average tube
surface temperature comparison between the slinky type and horizontal type heat exchanger
was carried out. It is known that average tube surface temperature of the straight horizontal
and slinky heat exchange are almost the same under the same total heat flux amount and the
same configuration area.
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Chapter 4 discussed the proposing of a moving ring source model and its solution to
describe the temperature response of a spiral heat exchanger with groundwater flow. The
validity of the proposed model was proven by the good agreement between the experimen-
tal and calculated results. The average virtual tube surface temperature variations of single
ring sources in two different configurations are discussed. Furthermore, the average virtual
tube surface temperatures of multiple ring sources extending from single arrangements were
computed and approximation algorithms were introduced to reduce the calculation time. The
approximation approach has been proven to run thousands of times faster than the initial
method. In summary, this study provides a useful tool for the design of spiral heat exchang-
ers.

Chapter 5 expressed the development of the program package regarding to the spiral heat
exchanger design and evaluation based on the proposed model. The validity of the package
was verified by a TRT test data. The optimum heat exchanger size, electricity consumption
as well as the system performance under given heating load was discussed by this tool. It is
clear known that this tool could provide relative accurate results, and it is beneficial for the
designer to evaluate a horizontal system.

Chapter 6 illustrates the performance of a huge borehole system which provides heating
and cooling for twelve greenhouses in a cold climate region with groundwater flow existence
was presented. The system performance in the cooling and heating mode was investigated by
the measurement data firstly. The COP and SCOP was found at 3.0 and 2.7 respectively in the
heating mode. Then, a numerical model was built by FEFLOW, a series studies were carried
out on the numerical model to investigate the parameter influences to the system behavior to
provide reference for the optimum system design and operation. it is found from the study
that based on equal heat injection and extraction ability each year, the average brine tem-
perature variation in the cooling and heating mode keeps the same no matter the operation
period. The influence of the heat injection and extraction to the soil temperature variation
decreases with the increase of the borehole length. In addition, under the fixed input brine
temperature, a small borehole interval is benefit for the heat storage. A numerical model
based on the greenhouse borehole system was built to evaluate the system long-term perfor-
mance. The numerical model was verified by a good agreement between the measurement
data and the numerical calculation results firstly, and then it was used to predict the system
future operation. And it is known that the system could satisfy the greenhouse requirement
in the future.

Chapter 7 is a conclusion of each chapter.

The proposed ring source model could be applied for a proper slinky heat exchanger design
on both speed and accuracy which will provide great advantages for the GSHP designer and
engineering. The discussion of the numerical model of the vertical borehole system can give
valuable reference for the system design.

A suitable GSHP system design is helpful for the investment saving, enhancing the system
efficiency, and more importantly, it is good for the spreading of the system worldwide to do a
great contribution to CO2 emission decrease and energy saving to build a sustainable world.
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