
 Design and Application of Heating System by Using Ground - 

Source Heat Pump for Isparta-Turkey Climate Conditions 

O. Ipek2 , M.Alkhalidi1 and B. Gurel1 

1Department of Mechanical Engineering, Engineering Faculty, Suleyman Demirel University, Isparta - Turkey 

Abstract: The objective of this experiment has been carried out to study the effects of the parameters such as 

different mixing ratio of (water-ethylene glycol) mixture with multiple volumetric flow rates for each mixing ratio 

of (water - ethylene glycol) mixture on the temperatures of the room and COP of ground-source heat pump 

(GSHP) system when they used for heating room experimentally. The GSHP system carried out in room with 

3x3x3 dimensions in Suleyman Demirel  University in Isparta – Turkey. The horizontal ground heat exchanger 
(HGHE) in the  trenches of 3 m depths and the pipe of the horizontal ground heat exchanger they used in the 

experiment  from chrome nickel this pipe have 30 m length and diameter 0.0254m. The experimental results were 

obtained in  April and May in heating season of 2017. According to the experimental results, the best results are 

obtained at 20 L/ min volumetric flow rate of the mixture, mixing ratio containing 10% ethylene glycol and the  

COP is 3.95. 
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1. Introduction  

Due to the increased population and technological developments the energy consumption increased , the 

search for new energy sources has accelerated, as a result, the importance of alternative energy sources has 

increased .the benefit from alternative energy types such as, wave energy,  wind energy, solar energy, 

geothermal energy began to benefit from this alternative energies. In the heat pump system, water, air, sun and 

earth are used as energy source. In this context, ground source has gained an important usage potential as an 

alternative energy source for heat pump system [1]. Granryd [2] investigated the effects of the flow rate of the 

external refrigerant on the evaporator and condenser   side. The main objective of this work was to identify 

simple analytical equations that could be used to assess the optimum flow rate. There are more various study on 

the ground source heat pump and the hybrid of ground source with the sun that been very interested recently [3-

6]. The experimental set-up of this study , described in the next section, is constructed and tested for the first 

time on the basis of an academic study performed in Isparta, Turkey . The experimental set-up of this study , 

described in the next section is constructed and tested for the first time on the basis of an academic study 

performed in Isparta, Turkey . The COP of the GSHP system is determined from the experimental measurements.  

The influences of various system parameters such as the mixing ratio of (water - ethylene glycol) mixture 

with multiple volumetric flow rates for each mixing ratio on the temperatures of the room and COP of ground-

source heat pump (GSHP) system are examined.  from this experment study where significant variables are 

identified.  

Nomenclature 

COP : cofficient of performance  

: Specific heat of (water + ethylene glycol) mixture (kJ/kg K) 
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GSHP: ground source heat pump 

: Gravity (m/s2) 

: Head of (water + ethylene glycol) mixture (m) 

: Inlet enthalpy to the compressor (kJ/kg) 

: Outlet enthalpy from the   compressor (kJ/kg K) 

 : Outlet enthalpy from the condenser (kJ/kg K) 

HGHE: horizontal ground heat exchanger 

: Current of condenser fan (A) 

: Mass flow rate of (water + ethylene glycol) mixture (kg/s) 

: Mass flow rate of (water + ethylene glycol) mixture (kg/s) 

: Mass flow rate of refrigerant (kg/s) 

: Capacity of condenser (kW) 

: Extracted heat rate from earth (kW) 

: Inlet temperature of (water + ethylene glycol) mixture (OC) 

: Outlet temperature of (water + ethylene glycol) mixture (OC) 

: Voltage of condenser fan (V) 

: Work of the compressor (kW) 

: Work of the pump (kW) 

: Power of the fan (kW) 

: Density of (water + ethylene glycol) mixture (kg/m3) 

: Power factor 

2. Material and Method 

A schematic view of the constructed ground source heat pump (GSHP) system is shown in Fig. 1. The 

presented system was installed Isparta-Turkey. This system mainly consists of two separate circuits: (a) the 

horizontal ground heat exchanger circuit consisting of a horizontal heat exchanger (HGHE) from chrome nickel 

with a diameter of 0.0254m and pipe length was 30 m and the pipe buried in 3 m depths and pump (b) heat pump 

circuit.  
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Fig. 1. Schematic view of the constructed GSHP system 

To avoid the freezing of the water under the working conditions in the winter the non-toxic ethylene glycol 

solution was prepared to this experimental. The Heat pump circuit was constructed on the closed-loop copper 

tubing and the working fluid is R-22. The GSHP system can be used for both heating and cooling. In the winter, 

the mixture of (water - ethylene glycol) are circulated in the pipes of HGHE by using the pump and extract the 

heat from the ground and carries it into the room. In summer, the system reverses and takes heat from the room 

and stores it in the ground. The (water - ethylene glycol) mixture transfer the extracted heat to refrigerant in the 

evaporator. The refrigerant which flows through the heat pump circuit. The refrigerant evaporates by absorbing 

heat from the circulated (water - ethylene glycol) mixture through the evaporator and then enters the rotary 

compressor. The refrigerant is compressed by the compressor and then enters the condenser, where it condenses. 

After the refrigerant leaves the condenser, the capillary tube provides almost 10 C superheat that essentially 

gives a safety margin to reduce the risk of liquid droplets entering the compressor. The fan of the condenser are 

used to transfer the warmed air to the room. The volumetric flow rate of the circulated (water - ethylene glycol) 

mixture through the closed-loop of HGHE was measured by using a rotameter which controlled by a hand. The 

inlet and outlet temperatures of the R-22 in the condenser, compressor and evaporator were measured with 

digital thermometer. In addition, the inlet and outlet temperatures of the circulated (water - ethylene glycol) 

mixture through the closed-loop HGHE were measured with digital thermometers and temperature of the room 

also measured by digital thermometer. The inlet and outlet pressures of the compressor, evaporator and 

circulated (water - ethylene glycol) mixture were measured by using Bourdon type manometers. 

3. Analysis 

The performance of the GSHP is controlled by measuring the volumetric flow rate, the temperature of 

(water-ethylene glycol) mixture, and the temperatures of R22 at inlet and outlet of condenser, compressor and 

the electrical power input.  

The extracted heat in heating mode is calculated by using the equation below: 

                                                                                                                                     (1) 

The work of compressor , the capacity of condenser   and the work of pump   can be evaluated by used the 

equation (2), (3) and (4) respectively 

                                                                                                                                        (2) 

                                                                                                                                        (3) 

 

                                                                                                                                                     (4) 

The fan power   can be evaluated by used the equation (5) is written as [7] 

                                                                                                                                            (5) 

https://doi.org/10.17758/URST.U0917119 139



COP of the system can be evaluated by used the equation is written as 

 

                                                                                                                                 (6) 

4. Result and Discussion 

The experimental results were obtained in  April and May in heating season of 2017. According to the 

experimental results, the best results of volumetric flow rate of the mixture was 20 L / min and mixing ratio 

containing 10% ethylene glycol and the COP is 3.95.  

 The experimental study of the ground source heat pump (GSHP) was obtained in room have dimensions of 

(3x3x3). Fig. 2, show the effect of the different mixing ratio of the (water and ethylene glycol) mixture with 

multiple volumetric flow rates for each mixing ratio on the temperature of the room (Troom). According to the 

obtained results, the maximum increase in Troom appears to occur in the mixing ratio containing 10% ethylene 

glycol and the mixture volumetric flow rate of 25 L / min and The minimum temperature of system at 10 L/ 

min.If the mixing ratio containing more than 20% ethylene glycol with the increasing of the volumetric flow rate 

of the mixture, the temperature of the room (Troom) decrease. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 2. Effect of different mixing ratios on the temperature of the room 

The experimental study of the ground source heat pump was obtained in a room have dimensions of (3x3x3). 

Fig. 3, show the effect of the different mixing ratio of the (water - ethylene glycol) mixture with multiple 

volumetric flow rates for each mixing ratio on COP of the system. The obtained results seen that the maximum 

increase in the COP value is found in the mixing ratio containing 10% ethylene glycol and volumetric flow rate 

of the mixture was 20 L / min. If the mixing ratio containing more than 10 % ethylene glycol with the increasing 

of the volumetric flow rate of the mixture, the COP of the system decrease. 
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Fig 3. Effect of different mixing ratios on the COP of the system 

5. Conculation 

GSHP offers some advantages over conventional heating and cooling systems, especially in terms of 

efficiency, maintenance costs and overall operating costs. this experiment has been carried out to study the 

effects of the parameters such as different mixing ratio of (water - ethylene glycol) mixture with multiple 

volumetric flow rates for each mixing ratio of (water - ethylene glycol) on the temperatures of the room and 

COP of ground-source heat pump (GSHP) system when they used for heating room experimentally. GSHP 

installed in Isparta – Turkey. The following are the main conclusions to be drawn from this study,  

• The relevant soil properties must be precisely measured before attempting the design of the HGHE. 

Therefore, care must be taken in the design and construction of a ground loop for a heat pump application to 

ensure long ground loop life and reduce the installation costs. 

• In the stage of  design of GSHP System, All parts of the system should be checked in terms of energy 

efficiency.therefore A pre-design analysis will be necessary to determine optimal system parameters that ensure 

minimum energy consumption and favorable costs.  

• To maintain the system working at the high COP in countries have low ground temperature in heating 

season it’s suggested to use hybird system with the solar energy (solar assisted ground source heat pump) 
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