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ABSTRACT

Ground source heat pump has made a severe breakthrough in space conditioning applications due to
their high energy efficiency, and expectations for these systems have increased due to using renewable
energy. Concerning the increasing expectation, researchers and engineers have increased their
research on these systems and focused on cost and efficiency. The efficiency of the ground source
heat pump system is directly related to the ground heat exchanger loop, which provides the thermal
connection between the heat pump and the ground, and increasing the effectiveness of the ground heat
exchanger can be achieved with a nanofluid-based heat transfer fluid. On the other hand, as a ground
source heat pump system component, ground heat exchangers have very different design
configurations. Among the various configurations, slinky ground heat exchangers are of great interest
due to their higher heat transfer efficiency and reduced installation space requirements compared to
traditional straight pipe configurations. In this study, the effect of nanofluids on increasing the
effectiveness of slinky ground heat exchangers was experimentally investigated and compared with
the results obtained using conventional heat transfer fluids. The results obtained from the experimental
study determined that using nanofluid at a rate of 0.1% as a heat transfer fluid in slinky ground heat
exchangers in cooling applications increased the average effectiveness by about 20%.
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1. INTRODUCTION

The demand for efficient and sustainable space conditioning systems has increased significantly in
recent years due to rising energy costs and environmental concerns [1]. Conventional space cooling
systems such as air conditioning consume a significant amount of energy and contribute to greenhouse

gas emissions. Researchers and engineers have increased their research to develop energy-efficient
cooling systems in this context. The use of ground source heat pump (TKIP) in conditioning
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applications is one of the innovative approaches when energy saving and environmental concerns are
taken into consideration [2,3].

There are many studies in the literature on different application areas on the subject [4-7]. GSHP
systems use the stable thermal properties of the earth with the help of components called soil heat
exchanger (GHE). Basically, GHEs are components that effectively exchange heat between the soil
and a fluid circulating in buried pipes. Regarding application diversity, GHEs are divided into two as
vertical and horizontal [8,9]. Although horizontal GHEs have lower performance compared to
verticals, they have a low cost and relatively easy installation [10]. Horizontal GHEs, on the other
hand, are classified according to various pave forms. Among these configurations, slinky ground heat
exchangers (SGHE) are of great interest due to their higher heat transfer efficiency and reduced
installation space requirements compared to traditional straight pipe configurations [11]. Wu et al.
[12] reported that the use of SGHE saves up to 30% of installation space.

On the other hand, the performance of GHEs varies depending on many components, such as
installation depth, design parameters, and the fluid used in the pipe. The thermal performance
improvement of fluids can be achieved with nanofluids (NF), which has recently attracted great
interest in the literature. In this context, NAs have the potential to improve the general heat transfer
properties of TIDs [7]. NFs are suspensions of nanoparticles dispersed in a base fluid. The addition of
nanoparticles changes the thermophysical properties of the base fluid, such as thermal conductivity
and convective heat transfer coefficient. Studies conducted on MVCNT [13], Al,O3 [14], TiO [15]
and SiO [16] reported that suspensions formed with different nanoparticles provide an increase in
thermal capacity compared to the base fluid. However, despite extensive theoretical research on NFs,
limited experimental data are available regarding their GHE performance, especially in the context of
space cooling applications. Including NFs in these systems can reduce energy consumption and the
environmental impact associated with space cooling. In summary, it can promote sustainable and
efficient cooling technologies.

This study aimed to experimentally investigate the thermal efficiency of NF supported SGHE in space
cooling applications and compared with the results obtained using conventional heat transfer fluid
(ethylene glycol-water/base fluid) to determine the effect of NF. Investigating the effect of NF under
real ambient conditions will shed light on the practical feasibility and potential benefits of
incorporating nanofluids into GSHP systems.

2. MATERIALS AND METHODS

While the overall performance of the GSHP system depends on many external and internal
parameters, the performance of GHE generally depends on more specific parameters, such as ground
temperature-and specific heat capacity of the fluid. In this context, thermal performance tests should
be carried out to determine GHE performance. In this context, the heat exchange rate can be
calculated by measuring the inlet, outlet temperatures, and flow rate of the fluid passing through the
heat exchanger for the cooling mode:
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Q = me (Tout _Tin) @
or
Q = qVCp (Tout _Tin) (2)

Another important parameter that we encounter in GHEs is GHE effectiveness. The concept of
effectiveness here can be defined as the ratio of the actual heat transfer rate to the maximum amount
of heat that can be transferred. The effectiveness of the GHE can be calculated using the following
equation:

£= me (TGHE,in _TGHE,out)
me (TGHE,in =T

ground )

®)

or

TGHE,in _TGHE,out)
g:( (4)
(TGHE,in _Tground )

3. EXPERIMENTAL SETUP

The experimental setup consists of the SGHE buried 2.5 m below the ground surface, a heat pump
system, and the cooling area. As mentioned earlier, the SGHE configuration improves the system's
overall performance by allowing the heat transfer surface area to increase compared to other GHES
installed in a similar area [17,18].

The space to be conditioned has dimensions of 3 m x 7 m x 2.3 m and the heat load of the area was
calculated as 2.2 kW using the HeatCAD package program according to Sivas province. The heat loss
value per unit area has been calculated as approximately 104 W/m? Estimating the GHE length to
meet the heating and cooling demand of the space is an important step in the GSHP system setup.
Different methodologies have been proposed in the literature to calculate the GHE length. In this
study, a methodology suggested by Chiasson was used [19]. According to the calculated heat load, the
required pipe length was calculated as 75 m in total. The SGHE is placed on the ground in 20 spirals
with a radius of 0.3 m. The pipe used in SGHE is SDR 11 polyethylene pipe with an outer diameter of
40 mm and a wall thickness of 3 mm. Temperature measurements were carried out with the help of T-
type thermocouples from different points, SGHE inlet, outlet and over the pipe. SGHE is integrated
into the heat pump with the aid of a 245 L heat exchange tank. NF with 0.1% concentration, prepared
by dispersing 8 nm Al,O; nanoparticles in a base fluid (ethylene glycol-water), was used as the heat
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transfer fluid in the ground loop. The mass flow rate of the fluid circulating in the system was kept at
0,450kg/s with the help of an inverter circulation pump. Heating experiments of the related
experimental setup were previously carried out by Kapicioglu [20]. The schematic view of the system
is given in Figure 1.
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Figure 1. Schematic view of the experimental setup.

The experimental study was carried out in July 2021. In the experimental study, the temperature
values for both the base fluid and the NF were monitored during the eight-hour operating period. In
order to evaluate the thermal equilibrium in the ground for both fluids, temperatures around the
ground were recorded from the beginning of the experiments. The ground temperature change during
the experiment period is given in Figure 2.

128



Journal of Scientific Reports

Kapicioglu, A. and Yiiksel, T., Journal of Scientific Reports-A, Number 54, 125-135, September 2023

0T T T T T T T 1
—— Ground temperature (2.5m)\
é\)/ 159 WMMW'—*W““*—“’%WMH T
g
2
8
]
o
=
(]
— 10 i
5 T T T T T T T T T

Time (hour)

Figure 2. The ground temperature change during the experiment.

Similar working conditions were tried to be achieved in experimental studies and these values were
meticulously recorded with the help of a data recorder. During the experimental period, temperature
data were taken, one data per second. Some typical data recorded are shown in Table 1.

Table 1. Inlet and outlet temperatures of Al,O; nanofluid with base and 0.1% concentration into
SGHE.

Time (min) Base fluid Al,O3 (%00,1)
GHE inlet (°C) GHE outlet (°C) GHE inlet (°C) GHE outlet (°C)
30 20.79 20.49 20.14 19.68
60 23.86 23.10 23.81 23.02
120 26.37 25.43 25.73 24.90
180 28.09 27.08 27.62 26.67
240 29.00 27.99 28.33 27.31
300 30.10 29.17 29.32 28.44
360 29.83 29.08 28.87 28.13
420 29.04 28.45 28.30 27.64
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480 28.37 27.85 27.44 26.86

The experimental uncertainty in this study includes the uncertainties in temperature and flow
measurements. Uncertainty analysis was performed using the uncertainty analysis method defined by
Kline-McClintock [21]. The overall uncertainty of the measurements is estimated at £1.46% for mass
flow rate and £0.5 for temperatures.

4. RESULT AND DISCUSSION

The temperature of the fluid circulating in a GHE is directly related to parameters such as ground
temperature and load amount of the system. Figure 3 shows the inlet and outlet temperatures of the
base fluid to the SGHE. From the beginning of the experiments, it is seen that both the inlet and outlet
fluid temperatures begin to increase over time. The fluctuation in the initial phase is due to the
uneven temperature distribution during the transfer of the fluid in the tank to the ground. This
situation ends with the balancing of the ground temperature and the fluid temperature in the first
fifteen minutes. In addition, fluctuations were observed during the first ninety minutes due to the
amount of heat transfer required by the system during the first operation. The inlet and outlet
temperatures of the fluid circulating in the GHE were determined as 27.06 °C (+3.72 °C) and 26.42 °C
(£3.77 °C), respectively.
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Figure 3. Temperature profile of base fluid in SGHE.
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The experiments for the base fluid were carried out in NF under similar conditions, and the SGHE
inlet and outlet temperatures are presented in Figure 4. The temperature value of the fluid in the
SGHE shows an increasing trend during the day, similar to the base fluid. The inlet and outlet
temperatures of the NF circulating in the SGHE were calculated on average as 26.58 °C (£3.74 °C)
and 25.87 °C (£3.67 °C), respectively. Compared to the base fluid, the average temperature values
calculated here are also at lower levels. Also, similar initial conditions were observed for both fluids.
Both fluids (base and NF) draw heat from the ground in the first 15 minutes instead of giving it to the
ground. This is due to the fact that the fluid in the tank is initially at a lower temperature than the
ground. This situation ends with reversing the flow direction of the heat at the end of the fifteen-
minute period. However, the fluctuation in NF is lower than in the base fluid. This situation can be
associated with the high thermal capacity of NF.
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Figure 4. Temperature profile of NF with 0.1% concentration in SGHE.

Figure 5 shows the SGHE effectiveness changes for the use of base fluid and NF as the heat transfer
fluid over the eight-hour operating period. The average effectiveness of SGHEs using base fluid and
NA is 0.114 (0.061) and 0.137 (0.09), respectively. Due to the heating of the ground due to the
increase in the operating time of the system, the performance of the SGHE decreases, so the
effectiveness decreases over time. This situation can be explained as follows: the temperature
difference between the inlet and outlet fluid temperatures occurs in an almost similar range, so the
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variation in heat transfer is relatively limited. However, the inlet fluid temperature continues to
increase with time so that the maximum possible heat transfer increases with time. These two effects
cause the effectiveness of GHE to decrease over time. While the difference between base fluid and
ground temperature is 11.8 °C on average, this value is around 11.1 °C in NF.

0.4 -
*  Base fluid
* AlLO; (%0,1)
0.3 1
.
7
] ++
[
2024+
© * Kk oK
I} *
= * +++
- : B AL
* Sk Rk
+>< TR X}:K*Jr;?@g%%% e ++++++
>‘<
0.1 1 +f}j§ X ox o ox X }3‘% x&xﬁ*% +><+ :
¥ * >< P Xy
* X wx
. % %w
T T T T T T T T T
0 1 2 3 4 5 6 7 8

Time (minute)
Figure 5. GHE effectiveness of base fluid and nanofluid with 0.1% concentration.
5. CONCLUSIONS

In this study, the effectiveness of using NF in a GHE with a slinky design integrated into a ground
source heat pump system in space cooling applications was investigated. NF, which is used as the heat
transfer fluid in the system, is prepared from 8 nm Al,O; nanoparticles and has a concentration value
of 0.1%. Experimental results showed that the nanofluid supported SGHE exhibited improved thermal
performance compared to the base system. The important findings obtained as a result of the study can
be listed as follows:

The use of NF in the SGHE system resulted in an improvement of 1.77% in inlet temperatures and

2.08% in outlet temperatures. With these values, the use of NF can be accepted as an indication that it
will provide improved cooling performance by improving the SGHE heat transfer properties.
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When the GHE effectiveness depending on ground temperature was examined, the average
effectiveness of SGHEs using base fluid and NF was 0.114 and 0.137, respectively. With these
results, it can be said that the use of NF as a heat transfer fluid increases the effectiveness by nearly
20%.

As a result, it has been observed that NF provides better heat exchange between the ground and the
heat transfer fluid, thanks to its enhanced heat transfer properties attributed to the high thermal
conductivity of nanoparticles. As a result of this situation, it can be said that it will increase the
cooling efficiency by leading to lower fluid outlet temperatures and higher heat transfer rates.

Finally, it should be noted that more research is needed to investigate the economic viability and
environmental impacts, as well as the long-term stability and reliability of NFs in GHEs. However,
the experimental results provide valuable information for the development and optimization of
nanofluid assisted cooling systems.
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NOMENCLATURE

SYMBOLS SUBSCRIPTS
GHE  ground heat exchanger in inlet
GSHP  ground source heat pump GHE ground heat exchanger
NF nanofluid out  outlet
Q heat capacity, kW
SGHE slinky ground heat exchanger
T temperature, K or °C
14 flow rate (L/s)
co specific heat at constant pressure (kJ

kg—1K—1)
€ effectiveness
p fluid density kg m?
] mass flow rate, kg s-1
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