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Abstract: The installation of ground collectors often has several disadvantages for the user, despite
future benefits in more ecological heating, namely the need for a large space for installation, which
increases costs, and can also cause inconvenience later, for example, by keeping snow on the surface
for a longer time. The goal of this paper was to find out with the help of simulations in ANSYS
whether a collector with a different geometry and arrangement (vertical spiral with diameters of
6, 8 and 10 m), which would be more comfortable, cheaper, and also friendlier to the environment,
would achieve performance similar to the classic geometry—meander. The initial results are relatively
favorable and prove that there is room for optimization and improvement in this field. Verification of
network sensitivity in all cases is 8% or less. In the current situation of the energy crisis, it is necessary
to look for the possibilities of using heat pumps in cities and metropolises. The new geometry could
increase the attractiveness and availability of ground source heat pumps in general, which would
support efforts to reduce emissions and possibly also reduce the negative impacts of heating on
the environment.

Keywords: ground collector; heat extraction; CFD; renewable energy sources

1. Introduction

Horizontal ground source heat pumps are an excellent choice for environmentally
friendly heating of buildings due to their high efficiency, and attention should therefore
be paid to making this technology available to as many users as possible in all types of
locations, especially in cities and metropolises. In general, heat pumps are among the
essential mitigation and adaptation measures in reducing emissions and achieving zero-
carbon human society and their share of heating is expected to be more than 50% by 2060,
although in 2014 it was only 3.4% [1,2]. It is therefore meaningful to observe the geometry
and installation options of ground source collectors, which, compared to air-source heat
pumps, occupy a large area of land and require a lot of earthworks and site modifications.
This research investigates the possibilities of reducing the burial area of ground collectors
while achieving performances similar to classical geometries, using ANSYS FLUENT R19.2.

There are many studies on ground collectors and their modeling and simulation using
computational fluid dynamics. It is an efficient, fast, accessible, and reasonably costly
tool for wide use with sufficient flexibility. It is crucial knowledge that the experimental
results of many studies are in very good agreement with the CFD results, with deviations
fluctuating between 2 and 10%. This is the reason why CFD simulation results without
experiment should not be undervalued or totally rejected [3].

The power of the effect of soil temperature and the surrounding climate on year on
performance of meander ground heat exchangers is underlined in Hepburn et al. [4].

Benazza et al. also studied the importance of ground collector geometry and thermal
conductivities on their efficiency and performance with ANSYS Fluent [5]. Results of the
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research provided by Garcia et al. referred to soil-collector interaction, and the effect of
collectors’ operation on ground temperature and humidity. They found that heat extraction
by the collector has a substantial effect on the ground in close proximity to the pipe [6].

Similar to the authors of this paper, Sanaye et al. tried to optimize the design of
horizontal ground collectors by using ANSYS with the finite element method, for example
by improving the installation area and looking at the pipe row’s interaction [7].

Another study with numerical simulation in ANSYS was made by Chong et al. They
created 10 cases with a 3D numerical model horizontal ground collector and examined the
effect of spacing between loops, their diameters, and three types of soil. The conclusion of
that study was that type of soil is critical for collector performance; spacing between loops
can influence its thermal performance significantly and the diameter of loops have some
effect, too, but not that much [8].

Fluent was used to analyze three geometries of ground collector (linear, slinky, and 3D
spiral) in different operating conditions by Condego et al. They also confirm that the type
of soil and its thermal behavior is really important for the ground collector, its output, and
its installation. The best performance was found with the 3D spiral collector and the worst
with linear geometry [9,10].

Capozza, Zarrella, and De Carli studied the effect of the soil surface on the output of
the horizontal ground collector. They found that the flow of groundwater could increase
the performance of ground collectors and prolong their operational capability [11].

Research on linear and slinky ground collectors and the impact of the loop diameter
and spacing on collectors’ performance in ANSYS Fluent was run by Wu et al. for the United
Kingdom’s climate. The diameter of loops showed up again as a less crucial parameter,
while geometry and spacing between loops caused a bigger difference in the operation of
the collector. For example, they found that expanding the distance between loops led to
higher specific heat extraction. Wu confirmed their results by experiment also in [12-14].

Like Wu, Kim, Yoon, Go, and Lee also examined horizontal ground collectors through
an experiment and by numerical simulations. They concluded a very similar study, so the
geometry of the collector and soil type are fundamental factors that affect their output and
operation [14-16].

The most current paper on the computational investigation of earth—air heat exchang-
ers was provided by Cirillo et al. [17] and that about horizontal spiral coil by Liu et al. [18].

All previous studies focus on classic geometries such as meanders, slinkies, and spirals,
while this study presents the simulation of a new geometry, the vertical spiral.

The aim of this article is to find out whether the new design of the geometry of the
ground collectors from the authors of this article could match the performance geometry of
the meander, which is one of the best-known geometries of horizontal ground collectors.
This goal should be achieved by numerical simulations in ANSYS Fluent, in condition of
the heating season in Slovakia. The results of meander geometry are in agreement with
other works with a similar focus, and comparing them with results of a new geometry,
vertical spiral collector, on which there is no knowledge, is the main contribution of this
paper. The need for the innovation of ground collectors’ geometry and installation follows
from the trend of the implementation of renewable energy sources for housing in cities,
where there is not enough space to install ground collectors of meander geometry. The new
design should require less space for the installation and less groundwork. The focus of
this research is on numerical simulations solving this problem in the present, so there is
no experiment validation with new designs yet; thus, there is space for future research in
this study.

2. Methods of Research

Models of collectors were created in Design Modeler in ANSYS R19.2 and simulations
were run in Fluent 19.2. The thermophysical properties of soil and its average temperatures
at depths of 10 and 100 cm were obtained from the Slovak Hydro-meteorological Institute.
The classical geometry—meander—was compared with new designs by authors of this
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paper, the vertical spiral, with 3 different diameters and 2 options of spacing between pipes.
The workflow in Table 1 describes the methodology of the research; in total, 75 simulations
with 5 cases during 3 periods were run.

Table 1. Research workflow.

Aim:

Modeling of Ground Collectors with Meander Geometry Compared with Geometry of New Designs

Step 1
Step 2
Step 3
Period

Soil

Classical geometry
New geometry

Create model in Design Modeler ANSYS R19.2

Meshing model in ANSYS R19.2
Set up FLUENT 19.2 general settings
September—November December—February March-May
Dry soil—sand Moist soil—sand Saturated Dry soil—clay Wet soil—clay
soil—sand
Meander
Spiral 6 m/3.75 Spiral 6 m/2.75 Spiral 8 m Spiral 10 m

The parameters of all the cases are available in Table 2. The coil designation in the
geometry name shows how many loops of pipe the given vertical spiral has. The parameters
of length, width, and height are given for the whole model, i.e., for the ground in which
the collector is located.

Table 2. Parameters of cases 1-5.

Case Model of Collector + Ground Geometry Length of Area of Installation Inner Pipe
(Length x Width x Height) Pipe Collector Depth Diameter
1 20m x 15m x 3m Meander 142.5m 17.91 m? 1.5m
2 13m x 10m x 48 m Spiral @ 6 m, 3.75 coils 102 m 12.82 m? 1-4m
3 13m x 10m x 4.8 m Spiral @ 6 m, 2.75 coils 67.4m 8.47 m? 145m 0.04 m
4 20m x 15m x 3.8 m Spiral @ 8 m, 3.75 coils 115.24 m 14.48 m? 1-3m
5 20m x 15m x 3.8 m Spiral @ 10 m, 3.75 coils 133.8 m 16.81 m? 1-3m

All models were meshed in Meshing ANSYS R19.2. Mesh sensitivity was analyzed in
cases 1-5 (collector’s mesh cells size 0.01885 m/ground mesh cell’s size 0.3 m), which was
used for rest of study and is shown in Figure 1. The number of elements is shown in Table 3.
Five different meshes were created for a meander-shaped collector model in dry sand/gravel
in autumn. It can be seen from Figure 1 that for the different grids, the results of the division
of outlet and inlet temperatures were almost identical, with a variation of 0.62-8.02% in case 1,
0-8.11% in case 2, 2.19-4.94% in case 3, 1.2-8% in case 4, and 1.42-5% in case 5.

Table 3. Settings of models and simulations in FLUENT R19.2.

Wall pipe
Symmetry ground
Wall ground top and bottom
Scheme
Model
Spatial discretization
Governing equations
Type of elements

Coupled, HDPE
Via system coupling
Temperature
SIMPLE
Viscous—laminar
Second order upwind
continuity equation, heat transfer equation, Navier-Stokes equations
4 node linear tetrahedron

Case Volume of model (collector/ground) Number of elements (collector/ground)
1 900 m? (0.18 m>/899.82 m3) 5,346,156 (210,822/5,135,334)
2 624 m3 (0.11 m3/623.89 m?) 3,393,966 (21,913/3,372,053)
3 624 m3 (0.087 m3/623.91 m?) 2,765,238 (45,509/2,719,729)
4 1140 m3 (0.145 m3/1139.9 m3) 8,136,882 (194,189/7,942,693)
5 1140 m® (0.173 m3/1139.8 m?) 5,746,903 (99,569/5,647,334)
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Figure 1. Difference in model input and output temperatures for different mesh settings; O—outlet,
I—Inlet.

The first number represents the size of one collector mesh cell (m); the second number
is the size of one mesh cell made for the ground in which the collector is stored (m). These
sizes were set in meshing. The soft setting (Table 4) means that ANSYS could adjust the
size of the cells as needed, it does not have to adhere to them strictly.
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Table 4. Mesh conditions of cases 1-5.

Element Size/Behavior

Case Orthogonal Quality Ground Collector
1 4 nodes tetrahedral Body sizing: 0.3 m/Soft  Face sizing: 0.01885 m/Soft
2 4 nodes tetrahedral Body sizing: 0.75 m/Soft  Face sizing: 0.0189 m/Soft
3 4 nodes tetrahedral =~ Body sizing: 0.75 m/Soft  Face sizing: 0.0189 m/Soft
4 4 nodes tetrahedral Body sizing: 0.3 m/Soft Body sizing: 0.012 m/Soft
5 4 nodes tetrahedral Body sizing. 0.3 m/Soft ~ Body sizing: 0.0178 m/Soft

The settings of the models and simulations in FLUENT 19.2 are available in Tables 3-5.

Table 5. Boundary conditions of cases 1-5.

Boundary Conditions Material
Inlet 0.1m-s~!, 269K -
Symmetry ground Via system coupling type of soil
2-5m of depth
Temperature
Bottom side September—-November: 286.85 K type of soil

December—February: 277.55 K
March-May: 281.05 K

Temperature
September—November: 284.95 K tvpe of soil
December—February: 273.45 K YP
March-May: 284.65 K

Topside

The model of meander geometry and the model of the new design, the vertical spiral,
are displayed in Figure 2. The model of the meander geometry collector is placed 1.5 m
below the surface, and the spacing between each row of pipe is 0.8 m.

Figure 2. Cont.
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Figure 2. Models of meander geometry (a) and vertical spiral geometry (b).

Due to the great diversity of geological formations, height differences, and a large
amount of surface water and groundwater, soil temperatures are significantly dependent on
the specific place of measurement, the season, and, of course, the depth of measurement. For
a better idea of the development of soil temperatures in our territory, we chose five places
where the SHMU stations (Slovak Hydro-meteorological Institute) measure temperatures
at a depth of 10 and 100 cm.

From the data provided by SHMU, we created a graph of temperature fluctuations in
the indicated depths at the measuring points during 2017 (Figures 3 and 4). However, these
data were not complete (a gap between June and July). From these data, we also calculated
the average temperature for each season at depths of 10 and 100 cm, which we then used to
set the input data before running the simulations (Table 6) [19-22].

35
30
25 —t_pod_010_14_BA
20
°C15 —t_pod_010_14_KE
10
—t_pod_010_14_Liesek
5
0 -t_pod_010_14_Bolkovce
-5

January
February
March
April
May
June
July
August
September
October
November
December

Figure 3. Soil temperature fluctuations at a depth of 10 cm during the year in Bratislava (BA), Kosice
(KE), Liesek, and Bol'kovce (°C) [21,22].
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°C
15 ==t_pod_100_14_MI
10
==t_pod_100_14_Liesek
5
0 t_pod_100_14_Bol'kovce
-5
> = — > ) > - I = u I
g 5 = Z 2 g g g
— 2 J? 2 5
Figure 4. Soil temperature fluctuations at a depth of 100 cm during the year in Bratislava, Michalovce,
Liesek, and Bol'kovce (°C) [21,22].
Table 6. Average soil temperatures at 10 cm and 100 cm depth during 2017 [21,22].
10 cm 100 cm
Place of March June September  December March June September  December
Measure _ _ — _ - - - -
May August November February May August November February
Bratislava 14°C 279°C 13.1°C 0.6°C 9°C 19.9 °C 15°C 49°C
Kosice 11.2°C 22.6°C 122°C 0.6 °C Data not available
Michalovce 12.7°C 23.8°C 12.6 °C 03°C 8.6 °C 15.3°C 14.6 °C 4.6 °C
Bol'kovce 11.9°C 23.3°C 11.6 °C -0.1°C 8.1°C 17.3°C 13.8°C 43°C
Liesek 7.7°C 19.1°C 9.5°C 0.2°C 57°C 155°C 114°C 3.7°C
Average 11.5°C 23.3°C 11.8°C 03°C 79°C 17.0°C 13.7°C 44°C

Knowing the type of soil and grain size of the soil is very important for the installation
of horizontal ground collectors, as it can significantly affect its operation and performance.
Figure 5 expresses what percentage of the territory of the Slovak Republic has which type
of soil, and in Figure 6, the percentage of types of soil according to grain size is shown.

« cambisol
= fluvisol
* brown ground

» chernozem
= stagnosol
sphaeozem
sregosol

- rendzina
=umbrisol
«gleysol

« others

Figure 5. Type of soil in Slovakia [20].
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Figure 6. Soil types by grain size in Slovakia [20].

8 Light soils :
sandy (0-10%),
clay sand (10-20%)

= Medium heavy soils:
sandy loam (20-30%),
loamy (30-45%)

® Heavy soils:
clay loam (45-60%)

# Very heavy soils :
clays (»60%)

Although there is an assumption that our results could be affected by the latent
heat of the phase change by thermal gradient and migration of moisture, this was not a
consideration in this paper. Firstly, in case 1 with the meander collector, we aimed to find
out the impact of different soil types on the performance of the collector; the types of soil
and their properties are described in Table 7. A mixture of ethylene glycol and water in
the ratio of 30: 70 was used in simulations. In Table 8, the working medium properties
are shown. The pipe material used in this research was HDPE, the properties set up in

simulations are shown in Table 9.

Table 7. Average temperatures of soils in Slovakia and their properties used in simulations [19-22].

Period 10 cm Depth 100 cm Depth
March-May 11.5°C 79°C
September—November 11.8°C 13.7°C
December—February 0.3°C 44°C
. Specific Heat Capacity Density Coefficient of Thermal Conductivity
Type of Soil (kg K1) (kg-m =) (Wem~—1.K~1)
Dry soil—sand 800 1600 0.7
Moist soil—sand 1100 2000 1.4
Saturated soil—sand 1350 2000 2.8
Dry soil—clay 1000 1600 1
Wet soil—clay 1300 2000 1.5

Table 8. Properties of the working medium used in simulations [23].

Specific heat capacity

Collectors” medium

Inlet temperature
Density

Coefficient of thermal conductivity

Dynamic viscosity
Flow velocity

Water + Ethylene glycol (70:30)
—4°C
1049 kg-m—3
3669 J-kg 1K1
0432 W-m~1.K™!
5.096-1073 Pa-s~!
0.1m-=s!
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Table 9. Properties of HDPE pipe used in simulations.

Outer/inner diameter 0.044/0.040 m
Specific heat capacity 2450 J-kg 1. K1
Density 950 kg-m~3
Coefficient of thermal conductivity 0.42 W-m~L.K™!

The values of parameters such as pipe diameter, flow velocity in the pipe, and the
choice of a 7:3 mixture of water and ethylene glycol as the working medium, among others,
were determined in the simulation in consultation with practitioners. The selected values
are used in the Slovak Republic for heat pump installations.

After simulations with the meander collector were done, authors ran simulations with
their own designs, the vertical spiral, with three different diameters (6, 8, and 10 m), depth
of installation, length of pipe, and spacing in a vertical direction.

The continuity equation or equation for conservation of mass used in this research can
be written as follows:

%, v.(p?) — S, )
ot

The equation for the conservation of momentum in an inertial (non-accelerating)
reference frame is

%(p?) +V (p??) = —Vp+ v(?) g+ F 2)

5
where p is the static pressure and p§ and F are the gravitational body force and external
body forces.

The equation for stress tensor T can be written as follows:
= — —T 2 -
T—yKanLVv )—sv‘vl] (3)

where y is the molecular viscosity, I is the unit tensor, and the second term on the right-hand
side is the effect of volume dilation.
The equation for the conservation of energy is

%(pE)—FV (;(pE—i—P)) =-V. (;l’ﬁh) + Sy 4)

Then, the value of outlet temperatures was found and the following equation was
used for calculation of the collector’s output:

PZPXCPXMXAX(ToLtt_Tin) ®)

where p represents the density of the medium, C, is the specific heat capacity at constant
pressure, u is inlet velocity, A is the cross-sectional area of the pipe, and (Tour — Tjy)
represents the temperature difference at the inlet and outlet of the collector [24].

In the end, specific power (W per 1 m of pipe and W per 1 m? of land) was determined
by divided results of (5), firstly with the length of pipe and then with the area of the collector.
All results from numerical simulations were processed into graphs and maps of temperature
distribution around the collectors, which serve to compare all the geometries and show if
the authors’ designs’” outputs achieved the output of the classical geometry—meander [25].

3. Results of Research

This section corresponds to the workflow in Table 1 and shows the results in order of
cases 1to 5.
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3.1. Case 1—Meander

The effect of different contents of water in the same type of soil is shown in Figure 7.
It is evident that more saturated soil has a better heat capacity and conductivity, while
in drier soil, heat extraction is not so smooth and there is a problem with greater cooling
between rows of pipe.

(a) Dry soil—sand

(b) Saturated soil —sand

Figure 7. Distribution of temperatures in soils with different contents of water with the meander
geometry collector.

3.2. Case 2—Spiral @ 6 m, 3.75 Coils

In general, the difference between the meander output and this geometry output is
noticeable. While the new design has a worse performance than the meander, this could be
caused by a difference in length (the length of case 1 is 142 m, the length of case 2 is just
102 m (—28.16%)). Another problem could be the spacing between the pipes in vertical and
horizontal directions, which causes negative mutual thermal influence.

3.3. Case 3—Spiral @ 6 m, 2.75 Coils

To improve the previous geometry, one loop of pipe was removed, which made
spacing in the vertical direction greater, from 0.8 to 1.27 m, but the pipe was shortened to
67.4 m (—52.53%). If we would like to achieve a higher performance of this geometry, we
should make this spiral deeper and use a longer tube, because now this design is not as
effective as the meander geometry.

3.4. Case 4—Spiral @ 8 m, 3.75 Coils

Due to a still-low performance, the diameter of the coil (from 6 to 8 m) and the length
of the pipe (from 67.4 to 115.24 m) increased. On the other hand, the depth of installation
was reduced from 3.5 m to 2 m. The vertical direction was 0.53 m. The results of this
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geometry are closer to the results of the meander than in previous cases, but the vertical
influence between pipes was considerable.

3.5. Case 5—Spiral @ 10 m, 3.75 Coils

In this case, a vertical spiral collector with a 10 m diameter operation was simulated.
This collector was 133.8 m long, which is 8.7 m (5.77%) shorter than the meander in case 1.
The spacing between layers of the pipe was 0.53 m again, which could be the reason for
the significant vertical influence and mutual cooling of the pipes, but the bigger diameter
eliminated the horizontal influence of the pipes (Figure 8). Table 10 shows the specific
simulation results in the form of the outlet temperatures obtained in Fluent. The daily
trends of temperature were the same for all types of soil.

STATIC 0 5 10(m)
TEMPERATURE [
286.850 —_ -
285.065 (a) Case 2
283,280 O September — November
! Dry soil -sand
281.495
279.710
277.925 |
. 9% (b)Case2
Ji=
1 September - November
276.140
Saturated soil -sand
274.355
272.570
K] 270.785

0 75 15 (m)

(c) Case 5
September — November
Dry soil -sand

(d) Case 5
September -~ November

Saturated soil -sand

Figure 8. Distribution of temperatures in soils with different contents of water with vertical spiral
geometry collector.
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Table 10. Outlet temperature—results of simulations.

Outlet Temperature (K)

Daily Trends of Temperature (K) Meander Spiral 6 m 3.75 Spiral 6 m 2.75 Spiral 8 m Spiral 10 m
Dry sand, gravel
September—October-November
(290.4-286.9-282.9) 272.39 271.01 271.01 271.41 272.02
December-January-February
(279.2-275.9-275.0) 270.40 269.85 269.87 270.00 270.19
March—-April-May
(277.9-281.6-285.4) 271.8 270.71 270.63 271.09 271.49
Moist sand
September—-November 274.88 272.59 272.58 273.24 274.28
December—February 271.36 270.46 270.45 270.65 271.05
March-May 273.86 272.00 271.92 272.58 273.44
Saturated sand, gravel
September—-November 278.36 275.10 275.05 276.17 277.54
December—February 272.69 271.43 271.45 271.73 272.25
March-May 276.70 274.05 273.89 274.92 276.11
Dry clay
September—-November 273.54 271.72 271.72 272.29 273.05
December—February 270.84 270.12 270.14 270.29 270.58
March-May 272.75 271.28 271.23 271.74 272.42
Wet clay

September—November 275.19 272.80 272.79 273.62 274.57
December—February 271.47 270.54 270.55 270.76 271.14
March-May 274.10 272.16 272.09 272.78 273.67

Figure 9 shows the AT values obtained by subtracting the inlet temperature, which
was 269.15 K in all cases, from the outlet temperature (the values in Table 10).

In agreement with other studies of this kind, we found a significant influence of the
soil environment on the collector both in terms of soil type and soil water content, as it can
be seen in Figures 9-11. The collector performance was 37.5-184.9% higher in wet soils
than in dry soils. The difference in collector performance in different soil types was about
5% between wet clay and wet sand in favor of clay, almost 36% between dry sand and dry
clay, better for clay, and in saturated sand, gravel had a performance of 52.5% higher than
in wet clay.

The results of the second case (vertical spiral with 6 m diameter, depth 4 m) were
not gratifying, because the performance of this case was poorer than the performance of
the meander in total by 19.8-44%, and per 1 m output of vertical spiral, it was lower by
17.7-29%. However, we must take into account that the pipe length for this collector was
shorter by 28.4%. There is significant two-sided temperature impact, in the horizontal as
well as the vertical direction, which makes this system inefficient.

In the third case (vertical spiral with 6 m diameter, depth 4.5 m), to make the system
more effective, the space between pipes was boosted from 0.8 m to 1.27 m. The results
show that the desired effect was achieved and the influence of one part of the pipeline on
another was reduced. However, running this installation was still less efficient than the
meander by 35-44% in total and by 19-29% per 1 m of pipe.
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In the fourth case (vertical spiral with 8 m diameter), the diameter of the coil was
bigger by 2 m than in cases 2 and 3, but the space between pipes was decreased from 1.27 m
to 0.53 m. This could be reason why the temperature harvesting of this setup was smaller
than in the meander case by 23-32.5% (5-16.6% per 1 m), see Figures 9-11.

At the end, the installation with the biggest diameter (10 m) was simulated and in spite
of lower effectivity against the meander (—7% up to —16.8% in total, —1.8% up to —11.4% per
1 m), this work can be considered as filling a big gap in the field of vertical spiral collectors.
The reciprocal effect between pipes in the horizontal direction was reduced, but in the vertical
direction, it was still considerable. Limitations by size installation area can occur.

The results of all simulations are shown in Figures 10 and 11. From these results, it is
obvious that collectors in soils with a content of water have a higher output (37.5-184.9%)
than those in dry soils. On the other hand, the type of soil and its thermophysical behavior
also has a significant effect on the output of the collector; the difference can be from 5%
between wet clay and moist sand, to 52.5% between wet clay and saturated sand. The next
figures show comparisons between the total output of every geometry and installation
during each period in all types of soil. It is clear from Figure 10 that none of our designs
match the performance of the classical meander geometry, but the design from case 5 is
very close to this. To better compare the collector performance due to its varied length,
comparisons in Figure 11 are per 1 m of pipe.

4. Discussion

The technological development of heat pump collectors and their optimization are
an essential part of the faster implementation of heat pumps in the energy mix of today.
This includes finding a solution for ground collectors, which require a large area for their
installation, which is difficult to find, especially in cities, as well as people in rural areas
possibly not being willing to have their land encroached on to such a large extent. Therefore,
the authors of the paper came up with the design of a vertical spiral, the efficiency of which
was investigated and compared using numerical simulation with the classical meander
geometry. The installation of the new geometry could proceed as follows (Figure 12):

1. A pit would be dug in a circular pattern, with a reasonable depth of 2-4.5 m, possibly
a little more.
2. The collector would be laid while continuously backfilling the already laid pipe.

After consultation with the company ENVIGEO a.s., the proposal for the implemen-
tation of the installation of the new geometry is to drill holes to a depth of about 6 m
with a drilling diameter of 630 mm with a drilling rig PVSD—Zubor. Drilling will take
place under suitable geological conditions with a grab with a 630 mm diameter attachment
without continuous casing. In the event that geological conditions require casing, this rig is
equipped with a 30 m string of casings with quick couplings based on studs. In this case,
after the installation of polyethylene hoses and filling them with sand, the casings were
pulled out of the well, and sand was added instead of the volume of the casings.

According to the price list of ENVIGEO a.s. the price for digging a borehole with a
diameter of 630 mm up to 15 m is 180-249 EUR per meter plus sand and hoses. Therefore,
the cost of installing a vertical spiral collector would be

e J6m................3384-4681.2 EUR + sand + hoses
e J8m................4518-6249.9 EUR + sand + hoses
J10m...............5652-7818.6 EUR + sand + hoses

This method does not require digging up and moving large amounts of soil (Figure 12),
nor does it need a 30-300 m borehole like with earth probes, which can save costs and time.
It also does not restrict the landowner to the same extent as during and after installing a
collector with a meander geometry.
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Figure 12. Installation of vertical spiral collector, 1. stowage of collector, 2. final state.

The results in Section 3 show that none of the designs of the authors of the current
paper showed an overall performance higher than that of the meander design, although
the designs in cases 4 and 5 achieved more than 75% of the output of the meander collector
(23.7-32% difference). Only in one case was the performance of the spiral collector per 1 m
of pipe higher than that of the meander, namely for the 6 m, 2.75 coils spiral (+17.56%);
otherwise, even in that case, only spirals of 8 (difference 5.74-15.76%) and 10 m (difference
2.97-11.29%) were close in performance.

We also found that soil type and its water content can cause large differences in the
performances of the same geometry, which is in accordance with other works of this kind.
Moreover, it was confirmed that in the territory of Slovakia, the soil has the greatest heating
potential in the period September-November, when the accumulated heat from the summer
months is stored even at a depth of 100 cm or more.
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5. Conclusions

In this article, we examined heat exchangers, also called ground collectors, and con-
firmed the factors (type of soil, geometry) that have the biggest influence on their operation
and output, as a lot of other studies stated. We investigated how the geometrical and spatial
distribution affect the total output of these systems and also their collectors” surrounding
ground environment energy balance.

In agreement with other studies of this kind, we found a significant influence of the
soil environment on the collector, both in terms of soil type and soil water content.

The work also included a new geometry, the authors’ own proposal, that would reduce
the collector area, possibly reducing the amount of excavation and earthwork required
to place the collector in the soil, and increase the collector efficiency. Despite the output
of these designs not reaching the values of conventional geometry, the results are worthy
of consideration and such placement can be considered in specific cases. The research on
ground collectors and their geometry should not be undervalued, especially if there is
serious interest in the acceleration of the implementation of heat pumps for heating in cities
and metropolises and increasing their usage.

This research shows that the best geometry of our designs is the spiral of 10 m diameter,
which almost matches the performance of the meander geometry.
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