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Abstract– Given the recent growing interest in energetic 

systems that can contribute to the reduction of CO2 

emissions, GSHP technology has gained attention due to 

the capability of providing both space heating and 

domestic hot water for the residential sector. A study has 

been made on a compact GSHP. Extensive 

experimentation was conducted providing “best COP” 

graphs and operation ranges. A model that uses Finite 

differential method (FDM) for the refrigerant cycle was 

developed which accounts for both basic geometrical 

features and detailed thermodynamic properties. The 

model extensibility was tested by the inclusion of a 

subcooler that can assist in the process of domestic hot 

water generation.  
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INTRODUCTION 

 

Several different technologies have been maturing over the 
past few decades to combat the adverse effect of Global 

warming in the residential sector. Among those clean 

technologies, GSHP (Ground Source Heat Pump) stands out as 

a key player both for its zero emission (associated emissions 

produced in primary generation only) and it simplicity of 

functioning (use of electricity to “exchange” heat with the 

underground -which is warmer than the surface in winter, and 

colder in summer-) bringing all-the-year economical benefits 

for the user and a cleaner air for the environment.   

 

GSHP has been used for space heating, snow melting and 

domestic hot water production around 50 years ago; however 
the technology has not been widely popularized mainly to the 

high costs of drilling. Recently, the compact GSHP was 

developed which can provide space heating in winter, space 

cooling in summer, and domestic hot water all year long in a 

single machine. The lower present costs of drilling and 

integration of the services has made it an attractive alternative 

to fossil fuel solutions.  

 

 

Its functioning can be observed in the following figure.  

 

 

Figure 1 Compact GSHP description 

 

 

Figure 2 Heating and cooling cycles in a  GSHP 

A GSHP with desuperheater was built and extensive 

experiments were conducted to determine the best 

performance at conditions matching Japan’s north 

environmental settings. The figure of merit by which GSHP 

are measured is the Coefficient of performace (COP), which 

relates the amount of heating power extracted from the cycle 

with the amount of electricity used in the process: 
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Equation 1 COP definition 

 

EXPERIMENTAL SETUP 
 

 The conducted experimental setup used the GSHP prototype 

design by Sunpot Company and the Human environmental 
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systems laboratory of Hokkaido The test station uses Brine as 

a working fluid that is cooled through fluid-fluid heat 

exchangers and that for the GSHP provides exact load 

conditions as might be found in a final installation. The 

experimental objectives are the following: 

 

The following figure shows the test station: 

 

 

Figure 3Test Station Diagram 

 

The primary side simulates the underground heat extraction 

process. The secondary side simulates the space heating load. 

For the domestic hot water production, a constant heat 

chamber as well as an auxiliary heat exchanger (in the 

middle), were used. The experimentation scenarios were 

divided according to the following target values:  

 
1. Domestic hot water: 65oC 

2. Space heating: 35 and 45 oC  

3. Tap water temperature: 5, 17, 30 oC  

4. Compressor Frequency: 30, 45, 60, 75, 90 Hz 

5. Expansion Valve opening : Range according to 

limiting conditions 

 

Combinations of the above target values would be used to 

make a single experiment. In total, around 320 experiments 

were conducted.  

 

EXPERIMENTAL RESULTS 
 

In order to analyze the enormous amount of information 

gathered, best performance and available operation conditions 

were obtained. In this way, the information can be represented 

graphically. 

 

The best performance curve presents the best configuration of 

the GSHP for a specific set of conditions in order to obtain the 

maximum COP. Graphs were obtained according to 3 different 
scenarios:  

 Winter (Tap water temperature = 5oC) 

 Summer (Tap water temperature = 17oC) 

 Preheated (Tap water temperature = 30oC) 

 

In the graphs, the step value and frequency are shown. 

 

 Winter Operation 

 

 
 

 

Summer Operation 
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Preheating of DHW 

 

 
 

The available operation range graphs show the maximum and 

minimum performance that can be obtained from each set of 

conditions. Data is only shown for space heating. 

 

 

 

 

 
SOFTWARE SIMULATION 
 
To reduce experimentation time and provide a flexible and 

extensible testing environment in which the performance of a 

GSHP can be predicted, a Simulation program is desirable. 

REFPROP DLL libraries with EXCEL for the thermodynamic 

properties in a VISUAL STUDIO programming environment 

were chosen. A Finite differential method that accounts for 

both basic geometrical features and detailed thermodynamic 

properties was incorporated.  
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Equation 2 FDM for temperature element 

   







 


r

CHsatCHsat

HH
G

iTiTAkiTiTAk
iHiH

)()()()(
)()1( 2211   

Equation 3 FDM for Enthalpy element 

 

 

Figure 5 Example of Software developed 
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Figure 4 FDM modeling for a Heat Exchanger 
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SOFTWARE RESULTS 
 

Using experimental and theoretical correlations, the 
temperature profile inside each element of the refrigeration 

cycle was obtained. The predicted results match within 15% 

with experimental data as shown for the desuperheater 

 

 

Figure 6 Experimental vs Simulation values for the desuperheater 

Different geometric properties can be varied to observe the 

change in the heat transfer.  

 

Figure 7 Heat transfer variation according to geometric variation 

As each component is modeled individually, the software 
permits to eliminate/add devices and change geometrical 

configurations as long as the frontier conditions are met. The 

Extensibility feature was tested with the integration of a 

subcooler heat exchanger to help with the desuperheater in the 

production of DHW.  

 

 
 

 

CONCLUSIONS 
 

Visual information is presented that can help to find the 

operating condition for a specific set of parameters for Space 

heating and Domestic hot water in the compact GSHP. These 

figures show clearly the operating range of the machine and 

can provide guidance for the designer of a human space. 

 

With a medium COP of 3.2 the GSHP is able to provide 

enough heating requirements for space heating and domestic 
hot water in a medium insulation house.  CO2 emission can be 

cut by 56% compared with a boiler, reducing environmental 

emissions by 842 kg of CO2 per year.  Comparing the cost of 

electricity used by the GSHP with the use of kerosene to fulfill 

the heating requirements a reduction of 30% can be obtained. 

If night hour taxing scheme is chosen ($KWHnight<< 

$KWHday) the benefit to the end user is increased even 

further.  

 

A tool has been design to provide a flexible and precise 

thermodynamic environment to test different components for a 
GSHP by the use of a library of state for the refrigerant.  The 

flexibility of the software allows to change the refrigerant 

element for example to CO2 to help in the design process of a 

future compact GSHP. 

 

The scalability of the tool has been demonstrated by the 

integration of a coil type subcooler model that can provide 

extra heating for the DHW. As a result, lower power can be 

used in the compressor, increasing the resulting COP. 

 

 

 
 


