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Abstract

Original scientific paper
Geothermal energy offers considerable potential for use in buildings and infrastructure. This research investigates the application of a
Horizontal Type Ground Source Heat Pump system to reduce energy consumption in buildings. The study assesses the energy efficiency
and operational characteristics of ground source heat pump systems under the specific climatic conditions of the Batman region. To conduct
this analysis, a horizontal ground source heat pump and an underground circuit were installed in a container at Batman University’s West
Raman Campus. Experimental data revealed that soil temperatures below two meters remained constant at 21°C. Tests were carried out in
December 2020 at three flow rates: maximum (0.19 m*h), medium (0.12 m*h), and minimum (0.09 m*/h). During the experiments,
measurements were taken for the internal and external temperatures of the heat pump, the inlet and outlet temperatures of the water-
monoethylene glycol mixture, and the temperatures of the cooling liquid components. The highest coefficient of performance for the heat
pump was recorded at 2.43, while the overall system coefficient of performance reached 2.23.
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TOPRAK KAYNAKLI IS| POMPALARINDA AKIS HIZLARININ DENEYSEL ANALIZi:
GUNEYDOGU ANADOLU, TURKIYE'DE BIR VAKA CALISMASI

Ozet
Orijinal bilimsel makale

Jeotermal enerji, binalarda ve diger altyapilarda uygulamalar i¢in 6nemli bir potansiyele sahiptir. Bu ¢alismada, binalarda enerji tiiketimini
en aza indirmek i¢in Yatay Tip Yeralt1 Kaynakli Is1 Pompasi sisteminin uygulanmasi incelenmektedir. Arastirma, Batman bdlgesinin iklim
kosullar1 altinda yeralti kaynakli 1s1 pompasi sistemlerinin enerji performansini ve gesitli 6zelliklerini degerlendirmektedir. Bunu
kolaylastirmak i¢in Batman Universitesi Bati Raman Kampiisii'nde bir konteyner igerisine yatay yeralt1 kaynakli 1s1 pompasi ve yeralti
devresi kuruldu. Deneysel dl¢iimler, iki metrenin altindaki derinliklerde toprak sicakliginin 21°C'de sabit kaldigini gosterdi. Testler Aralik
2020'de ti¢ farkli hacimsel debide gergeklestirildi: maksimum (0.19 m*h), orta (0.12 m3*/h) ve minimum (0.09 m3/h). Deneyler boyunca 1s1
pompasinin i¢ ve dis sicakliklari, su-mono etilen glikol karigiminin giris ve ¢ikis sicakliklar1 ve sogutma sivisi bilesen sicakliklart
kaydedildi. Is1 pompasi igin gézlemlenen en yiiksek performans katsayisi 2.43 olurken, genel sistem performans katsayisi ise 2.23 olarak
hesaplanmustir.

Anahtar Kelimeler: CSA, COP, enerji, is1 pompast, 1sitma sezonu.

1 Introduction of total energy consumption occurs in residential

buildings, with 28%, 18%, and 4% used in industry,

Energy has played a crucial role in human life since transportation, and agriculture, respectively (TUIK, 2024)

its earliest use, significantly enhancing quality of life and [1]. Nearly half of residential energy is dedicated to

welfare. Initially, energy was utilized for basic needs such heating, primarily relying on fossil fuels. However, fossil

as heating and cooking, but with technological fuel reserves are finite, necessitating a shift toward

advancements, its applications have expanded across renewable energy sources. This transition is inevitable as
numerous fields. Today, energy is a cornerstone of the world seeks sustainable energy solutions.

technological progress and is deeply intertwined with Heat pump systems, which enable both heating and

global political and economic dynamics. In Turkey, 45% cooling, are a focus of global research and development.
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These systems transfer heat from the ground or air to
regulate indoor temperatures. During summer, heat is
expelled to cool the air, while in winter, heat is extracted
from the ground to warm indoor spaces. The ground
maintains relatively stable temperatures year-round,
making it an efficient heat source or sink. By circulating
antifreeze solutions through underground pipes, heat
pumps can significantly reduce electrical energy
consumption, offering an economical and sustainable
solution for heating and cooling. Ground source heat
pumps (GSHPs) are particularly efficient, consuming less
energy than conventional air conditioners.

GSHPs can be installed horizontally or vertically,
depending on land availability. Horizontal systems are
typically buried 1-2 meters deep and are suitable for areas
with sufficient land, such as gardens. The performance of
heat pumps depends on factors like refrigerant type,
system pressure loss, efficiency, flow rate, source
temperature, and installation location. Numerous
experimental, theoretical, and simulation studies have
explored heat transfer, heat exchangers, and heat pump
systems, highlighting their potential for energy efficiency.

Recent studies have investigated hybrid systems
combining solar energy with GSHPs to enhance
performance, particularly in regions with challenging soil
conditions. Simulations programs have shown that
integrating solar collectors with GSHPs can reduce annual
energy consumption and increased efficiency [2,3]. Other
research has evaluated multiple heat pump systems,
including solar-assisted ground source, solar-assisted air
source, and ground-air source heat pumps, with
coefficients of performance (COP) improved.
[4,5,6,7,8,9,10,11,12].

Ground Source Heat Pumps (GSHPs) utilize shallow
geothermal energy from the Earth's surface for heating,
cooling, and hot water production. They operate through
underground loops that circulate a heat transfer fluid,
efficiently exchanging thermal energy with the ground,
which maintains relatively stable temperatures year-round
[13-17]. This stability results in higher energy efficiency,
lower operating costs, and reduced maintenance
compared to Air Source Heat Pumps (ASHPs) and
traditional fossil fuel systems [18]. Additionally, GSHPs
produce no direct emissions, offering a clean, sustainable
option that significantly reduces greenhouse gas
emissions, aligning well with climate change mitigation
goals [19].

Geographical and climatic factors significantly
influence the design and performance of vertical GSHPs,
with studies highlighting the importance of geology and
climate in system optimization [20]. Monitoring of large-
scale GSHP systems has revealed ground heat exchanger
loads of up to 50 W/m in heating mode and 20-210 W/m
in cooling mode [21]. Hybrid GSHP systems have been
optimized for various building types, demonstrating their
versatility [22]. Quasi-three-dimensional models of
vertical U-bend ground heat exchangers have shown
strong agreement with experimental data, with mean
relative errors of 5.5% [23].

Experimental setups in Turkey have evaluated the
energy, exergy, and economic performance of solar-
assisted GSHPs, highlighting their potential in heating and
cooling applications [24,25,26,27].

Horizontal ground source heat pump systems
(HTGSHPs) are particularly suitable for regions with cold
or extremely hot climates, such as Rome (ltaly) and
Barcelona (Spain). This study provides an overview of
HTGSHPs, reviews relevant literature, and presents
experimental methods and results to evaluate system
performance. Overall, the integration of renewable energy
sources with heat pump systems offers a promising
pathway toward sustainable energy solutions.

2  System Description (Experimental Setup)

The experimental system was set up in Batman,
Turkey, in an experiment room of 27 m? within the West
Raman Campus area of Batman University. Figure 1
shows the installation diagram of a HTGSHP. The
external view of the system is given in Figure 2 [28].
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Figure 1. Diagram of ground source heat pump system.
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The GSHP system consists of three main parts:
undersoil circuit, heat pump, and heating elements. The
ground heat exchanger consists of a polyethylene PE100
type pipe resistant to 10bar pressure at a depth of 2 meters.
The length of the ground heat exchanger is 600m. A
mixture of monoethylene glycol (10%) and water (90%)
was used as the fluid in the ground heat exchanger. The
mixture was prepared for the freezing problem of the brine
entering the heat pump mixture. The ground heat
exchanger is shown in Figure 3.
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Ground Heat Exchanger
Fitting Outlet

Figure3. Ground heat exchanger.

As the heat pump device, a 9kW Thermia Villa
Classic heat pump was preferred (packet system). A 60 cm
panel radiator was used in the heating circuit. The system
is shown in Figure 4.

Expansion Tank

Figure 4. Heat pump system Indoor.

Temperature, pressure, flow rate and electrical power
values were measured and recorded at certain time
intervals in the test system. During the test, a fluid was
passed through the undersoil circuit at a flow rate of 0.19
m¥/h; a fluid with a flow rate of 0.12 m%h was passed
through the undersoil circuit and finally, a fluid with a
flow rate of 0.09 m*h was passed through the undersoil
circuit.

3 Energy Analysis

Machines that transfer thermal energy from a low-
temperature environment to another high-temperature
environment are called cooling machines. Machines that
transfer heat from one place to another for heating or
cooling are called heat pumps. Refrigeration machines
and heat pumps perform the same cycle. The most used
system in refrigeration machines and heat pump systems
is vapor compression refrigeration (VCR) cycles. In vapor
compression cycles, some refrigerant is sequentially
condensed and evaporated. Figure 5 shows p-h diagram of
the system with vapor compression. As is seen in Figure
5, The pressures during the condensation and evaporation
processes during the cycle are called the condensing
pressure (Pc), the evaporation pressure (Pe), respectively.
Again, the temperatures during the condensation and
evaporation processes during the cycle are called the
condensation  temperature  (T¢), the evaporation
temperature (Te).

PA

h3=h4 hl h2
Figure 5.P-h Diagram of a vapor compression system.

There are elements with continuous flow in the VCR
cycle. The conservation of energy (TD 1st law per unit
mass) is expressed by Equation 1 for a continuous flow
open system with one inlet and one outlet.

q—W = Ah + AE, + AE, (1)

g and w respectively mean heat transfer and performance
for unit mass while AE, and AE, respectively represent
potential and Kinetic energy. The potential and Kinetic
energy changes of the refrigerant circulating in the VCR
can be neglected as they are very low compared to the
work and heat transfer values. At this stage, the
conservation of energy per unit mass of the open system
with continuous flow is expressed by Equation 2.

q—W = hoyt — hin 2

For this case, Equation 2 can be rearranged, and the
energy drawn by the compressor, W;, can be calculated
with Equation 3.

Wy = m(h, — hy) (3)

In this equation, (m) is refrigerant flow rate circulating in
the system; (h,) is Compressor inlet enthalpy value of the
fluid; (h,) is output enthalpy value. As is understood by
Figure 3, compressor as adiabatic draws current from the
outside.

There is no energy interaction in condenser and
evaporator W = 0.

So, energy discharged from the condenser to the
external environment (Q.) and amount of energy absorbed
in the evaporator (Q,) can be computed by Equation 4 and
Equation 5.

Qc = m(hy — h3) 4
Qe = m(hy — hy) Q)

In Equation 4, enthalpy of the fluid at the condenser outlet
is represented by (h;) and enthalpy of the fluid at the inlet
of the evaporator is represented by (h,).

The cooling performance coefficient (COP) of VCR is the
ratio of the energy absorbed in the evaporator to the
energy consumed in the compressor. Related coefficient
can be seen in Equation 6.
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cop =2 (6)

Wep
3.1 Energy Analysis for the Heating Season

Heating performance coefficient of the heat pump
unit,COPy,, is calculated by Equation 7 while coefficient
of heating performance of the system, COPgyg, is
computed by Equation 8.

Qe
COPIp = W_ (7)

cp

QE (8)

COPgs = Wi+ Wapg + W

In the Equation 8, the power drawn (W,) by the
compressor from the mains and the power drawn by the
circulation pump from the mains (WW,;) were measured by
the power analyzer connected to the system. The amount
of heat transferred from the condenser to the air (Q.) is
computed by Equation 9.

Q. = mcp (Tout — Tin) (9)

In Equation 9, (m) is the air flow (kg/s), (c,) is specific
heat of air (kj/kg°C), (T,,:) is the outlet temperature of
air from evaporator (°C), (T;,) is the air inlet temperature
to the evaporator (°C).The amount of heat withdrawn
from the ground (Qmip) by the water-antifreeze mixture
circulated in the ground heat exchanger is calculated by
Equation 10.

Que = mmixcp,mix (Tmix,out - Tmix,in) (10)

In this equation, the flow rate of the water-antifreeze

mixture is (m,,;,.); the specific heat of the water-antifreeze
mixture is (Cpmix); the temperature of the water-
antifreeze mixture going from the evaporator to the soil is
(Timix,in)- Figure 6.a and Figure 6.b. show measurement
points.

e e e e e e 4 Collector
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Figure 6.a. Horizontal type of ground source heat pump (HTGSHP)
diagram and measurement points.

Figure 6.b. Horizontal type of ground source heat pump (HTGSHP)
measurement points ((1) GHE (compressor, evaporator, condenser, (2)
storage tank, (3) radiator heating system and (4) climate test room.).

3.2 Climate Data

The HTGSHP system was installed in Batman
University in Batman, 41°40' east longitudes latitude and
37°50" Nort, located in Turkey, it has a mild climate with
a dry hot summer and cold winter even through it is
influenced by the Mediterranean climate.

4 Results and Discussion

The experiments were conducted in December, as it
is the coldest month in the region where the study was
carried out. This timing allowed for an evaluation of the
system'’s performance under the most challenging climatic
conditions. The system's performance was analyzed using
the average of the test results. Figure 7 illustrates the
variations in ambient temperature (Touw), indoor
temperature (Tin), and soil temperature (Tsource) OVEr time
while the HTGSHP system was operational.

a 20 4
E e Ground
= 15 4

ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ

Figure.7. Indoor- outdoor - depth of 2m soil temperature.

In December 2020, the outside temperature ranged
from a minimum of 5°C to a maximum of 14°C, with an
average daytime temperature of 10-11°C. The initial
indoor temperature was measured at 11°C, but during the
day, it averaged between 29-30°C, indicating effective
heating by the system. At a depth of 2 meters, the soil
temperature remained constant at 22°C, demonstrating its
stability as a reliable heat source.

Figures 8, 9, and 10 illustrate the time-dependent
variations in the inlet (Tinmix) and outlet (Toutmix)
temperatures of the water-antifreeze mixture circulating
through the HTGSHP system. The tests were conducted at
three flow rates: maximum (0.19 m*h), medium (0.12
m?/h), and minimum (0.09 m*/h). These figures also show
the system'’s ability to maintain consistent performance
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under varying flow rates. The results confirm that the
GSHP system successfully met the heating energy
requirements of the climate test room and ensured thermal
comfort throughout the operational period. This
demonstrates the system's effectiveness in maintaining
stable and comfortable indoor temperatures, even under
varying external conditions.
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Figure 8. Max Flow rate inlet and outlet water-antifreeze mixture
temperatures.
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Figure 9. Mid flow rate inlet and outlet water-antifreeze mixture
temperatures.
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Figure 10. Min flow rate inlet and outlet water-antifreeze mixture
temperatures.

The coefficient of performance (COP) of the overall
system (COPss) was calculated by dividing the heat
transferred by the system (Qnp) by the power input to the
GSHP system. Figures 11, 12, and 13 present the COP
values for both the heat pump unit (COPwp) and the overall
soil source heat pump system (COPs;s).

The experiments revealed the following results:

The highest COPwp value of 2.43 was achieved at the
maximum flow rate (0.19 m*/h).

At the medium flow rate (0.12 m?/h), the maximum
COPwp value was 2.40.

At the minimum flow rate (0.09 m3/h), the highest COPnp
value was 2.36.

For the overall system (COPs;s):

The maximum COPss value of 2.26 was recorded at the
maximum flow rate.

At the medium flow rate, the highest COPgs value was
2.23.

At the minimum flow rate, the maximum COPgs
value was 2.20.

During the measurement period, the compressor
operated intermittently. On the first day, over a 7-hour
period, the compressor ran six times. On the second day,
during a 4.5-hour period (13:00-17:30), the compressor
ran twice. This intermittent operation highlights the
system's ability to maintain thermal comfort while
optimizing energy use, as the compressor only activates
when necessary to meet heating demands.

These results demonstrate the efficiency of the GSHP
system in transferring heat and maintaining stable
performance across different flow rates, while also
ensuring energy-efficient operation through controlled
compressor activity.
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Figure 11. Max flow rate cop heat pump unit.
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Figure 12. Mid flow rate cop heat pump unit.
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Figure 13. Min flow rate cop heat pump unit.

According to the literature review, there is a notable
gap in research on horizontal-type ground source heat
pump (HTGSHP) systems in the Southeastern Anatolia
region of Turkey. Furthermore, studies on HTGSHP in
Turkey as a whole are quite limited. Figure 14 presents a
comparison of coefficient of performance (COP)
efficiency values from several experimentally examined
studies. The COP values in these studies range from 2.16
to 3.18, with the highest efficiency of 3.18 reported.

Mass flow rates in these studies vary significantly,
ranging from0.035 kg/s t00.900 Kkg/s, reflecting
differences in system designs, configurations, and
operational conditions across the studies. This variability
highlights the diversity in experimental setups and the
influence of factors such as soil properties, climate
conditions, and system design on the performance of
ground source heat pump systems.
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The findings from this study contribute to filling the
research gap in the Southeastern Anatolia region and
provide valuable insights into the performance of
horizontal-type ground source heat pumps under specific
climatic and operational conditions. The results align with
the broader range of COP values reported in the literature,
demonstrating the potential of HTGSHP systems as an
efficient and sustainable heating and cooling solution.
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@ Akbulutet al. (2016) @ Benli (2011)

Figure 14. Flow rate-cop heat pump unit literature review.
5  Conclusions

This study focused on analyzing a ground source heat
pump system that utilizes the ground as an energy source.
An experimental setup was designed and installed to
evaluate the system's heating performance and conduct
energy analysis. The energy analysis was performed using
mass and energy balance equations. The key findings of
this study are summarized as follows:

This study represents the first implementation of a
HTGSHP system in Batman, under specific climatic
conditions. The system is expected to perform with similar
efficiency in regions with comparable climates (CSA
classification).

Performance Metrics: The highest Coefficient of
Performance for the Heat Pump (COPwp) value of 2.43
was achieved during experiments conducted at the
maximum flow rate (0.19 m*/h).

The highest Coefficient of Performance for the Overall
System (COPss) value of 2.26 was also recorded at the
maximum flow rate.

Flow Rate and Heat Transfer: Increasing the mass flow
rate of the water-antifreeze mixture enhanced heat
transfer, leading to higher COP values for both the heat
pump and the overall system.

Effectiveness in Batman's Climate: The results
demonstrate that GSHP systems are highly effective for
heating purposes in the climatic conditions of Batman
province. The system was designed to address the freezing
problem of the brine mixture entering the heat pump,
ensuring reliable operation even in low ambient
temperatures.

Advantages Over Conventional Systems: The GSHP
outperforms conventional air-source heating systems,
particularly in low ambient temperature conditions.
Notably, the system did not require an auxiliary heat
source, highlighting its self-sufficiency and efficiency.

The study confirms that HTGSHP systems are a
viable and efficient solution for heating in regions with
climates similar to Batman, Turkey. The system's ability
to operate without auxiliary heating and its superior
performance compared to conventional systems make it a
promising option for sustainable heating applications.
These findings contribute to the growing body of research
on GSHP systems and support their adoption in regions
with comparable climatic conditions.
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