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Abstract. Because heating and cooling accounts for a substantial portion of worldwide energy consumption, a series of
studies has been conducted in quest of novel strategies for reducing energy demand in air conditioning situations. As a
result, recent years have seen an increase in discussions on building energy efficiency and the active and passive
solutions required in thermally inefficient design projects. As a result, the use of passive solutions in these projects has
proven to be beneficial for energy savings, and the option of employing the soil as a source of renewable energy has
arisen. As a result of its great thermal capacity, the soil can operate as a big thermal reservoir, adding or withdrawing
heat from the ambient air coming from inside the buildings, essentially independently of the climatic conditions of the
surfaces. In this regard, the goal of this research is to examine how well an earth-air heat exchanger (EAHE) performs
in heating or cooling air in each environment. The system, which includes 100 mm diameter Polyvinyl Chloride (PVC)
ducts, 2" galvanized steel pipes, and a fan for airflow control, was built on the premises of the Federal University of
Technology of Parana (UTFPR) Campus Ponta Grossa, next to Block J1. The pipes were insulated to prevent heat loss
along the way, and a series of k-type thermocouples were inserted along the EAHE, the ground, and the environment.
Temperatures were recorded hourly over four days in January 2022 using a data acquisition system. The heat
exchanger's coefficient of performance was examined because of the findings, and it was discovered that. Despite the
thermal gains of radiation in the system and the soil, the resulting increase in the temperature of the exchanger inlet,
and the relatively low COP, positive results in heat removal from the environment were achieved. Factors such as the
fan's high power and the region's climate were crucial in ensuring that the results obtained did not improve.
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1. INTRODUCTION

The diversification of different energy sources and the reduction of gas emissions has been discussed for more than
30 years as an alternative to fossil fuels. (YUSOF et al., 2015). As a result, the literature offers a variety of options.
(BITTENCOURT, 2007; BRUGNERA et al., 2019). Among them, one of the alternatives that have been the focus of
studies, to reduce energy consumption and raise the thermal conditions of buildings, is to use the soil to exchange heat
with the environment. Due to its high thermal inertia, the soil can maintain an almost constant temperature at certain
depths, with little dependence on climatic conditions that occur at the surface. (MARCONDES, 2010; RAMIREZ-
DAVILA, 2014; HOLLMULER, 2014; RODRIGUES et al., 2017).

With this, the concept of Earth air heat exchanger (EAHE) arises, which consists of using the soil as a means of air
recovery, depending on the inlet temperature of the system, through ducts, usually made of polyvinyl chloride ( PVC),
buried in the ground. It can operate in different ways, such as capturing outside air (open system), circulating indoor air
(closed system), and in a hybrid way, taking advantage of indoor air and adding outdoor air (SONI, 2015; BORDOLOI
et al., 2018).

The depth of the heat exchanger is a significant component in its performance, and Greco and Masseli (2020) found
that a depth greater than 1.5 m did not affect the air outlet temperature. Only when the length reached a specific point
where the air became saturated and performance was no longer improved was performance altered. Similarly, Daz-
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Hernandez et al. (2020) studied the behavior of a buried EAHE at a depth of 2.5 m and found that the temperature
variation was negligible for 6 months.

Another important factor in the heat exchanger's effectiveness is soil moisture. Lin et al. (2018) investigated how
moisture impacts EAHE efficiency and found that while moisture had a minor impact in small air flows, it had a large
impact when the flow was high. Morshed et al. (2018) compared the heat transfer coefficients of dry and wet soils
around the EAHE and found that the overall heat transfer coefficient was greater when the soil was moist.

Several studies have been carried out to evaluate the efficiency, feasibility, and thermal performance of the EAHE.
The different analyzes vary between analytical, numerical, and experimental. (KHABBAZ , 2015; MENHOUDJ, 2018;
HACINI, 2021).

The purpose of the experiment was to assess the EAHE system's performance and cooling capacity. The EAHE was
studied for variations in air temperature, variations in performance coefficient (COP), and heat transfer rate.

2. EXPERIMENTAL PROCEDURE

The experiment was carried out at the Federal University of Technology of Parana (UTFPR), Ponta Grossa Campus.
The design of the heat exchanger is shown in Fig. 1, and the mounting measurements are listed in Table 1.

Figure 1: Earth air heat exchanger design.

Table 1 — Construction parameters

Number of Distance between Depth Outer diameter Total length
steps tubes (m) (m) (m) (m)
8 0,5 15 0,1 50,65

With the exception of the first and last tubes present in Fig.1, the EAHE was built with vinyl polychloride (PVC)
tubes of 100 mm diameter in serpentine configuration, with tubes on average 5.15 m in length every 0.50 m apart. The
pipe is 1.5 meters below ground level, with a total length of 50.65 meters.

An AeroMack radial fan model cre-03 with a power of 2 HP and a maximum flow of 3.2 m3/min, positioned inside
a small house constructed for safety, pumps air into the system. The air velocity was 3 m/s as recorded by a digital
anemometer.

For temperature measurement, 14 K-type thermocouples (model 6675) were installed along the pipe. The top five
are placed in the first 4.85 meters of pipe (first pass), while the others are placed every 5.60 meters. The data acquisition
device is shown in Figure 2 and comprises a KeysightTM DAQ970 data acquisition system (A), two KeysightTM
multiplexers (B), and an IntelTM Core i7-7600 microcomputer with 3.5 GHz and 16 GB of RAM.
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Figure 2 — Experimental apparatus

2.1 Performance Analysis

The cooling potential must be determined using the performance coefficient to calculate the system's performance
(COP), Eq (1).

Cop

" Wran M

Where @_ is heat removed or added to air e Wy, is the work provided to the fan to realize air circulation.
The energy removed or transferred is expressed in the Eq (2).

Q = mm’rcv(?}n - T:mt) (2)

Where, 114, is the air mass flow, C,, is the specific heat, T;, is the inlet temperature in the earth air heat exchanger,
and T,,,; is the output temperature do EAHE.

3. RESULTS

First, during the experimental tests on January 23 and 24, 2022, the system remained operational for two days.

The values for soil temperatures are shown in Figure 3. The thermocouples were placed at a deep of 0.5 m, 1.5 m,
and on the soil surface, where the higher temperatures closer to the surface. The impact of solar radiation on
different soil heights was then tested.
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Figure 3 - Soil thermal inertia.
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Presenting almost constant temperatures in the deepest layers, it was possible to observe the thermal inertia of
the soil. Thus, even with the high incidence of solar radiation during the day, there was no influence on the
temperature in the deepest layers of earth.

Based on the data obtained, the temperature variation (At), the heat removed (Q) and the performance
coefficient (COP) were analyzed. Table 2 presents the largest variations for the parameters analyzed on the
respective days.

Table 2 - Parameters analyzed.

At max Q max removed
Da o COP
Y (°C) )
23 6.19 45.43 0.908687
24 7.2 52.06 1.05

The values shown are displayed in Fig. 4 as the distribution of external temperatures over the course of a day in
the heat exchanger, related to the performance coefficient (COP), for January 23. While Fig. 5 displays the same
distributions for the next day, January 24.
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Figure 4 - Coefficient of performance over the 23rd of January.
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Figure 5 — Coefficient of performance over the 24rd of January.

It was observed that the average consumption for ventilator operation was on average 50 W for a speed of 3 m/s in
the two days studied. During the operating period the maximum COP's were 1.05 and 0.9086 as shown in Tab 2. Thus,
it was possible to conclude that the cooling capacity was about once higher than the energy cost to move air through the
EAHE pipe.

When looking at Figs 4 and 5, it was clear that the COP varied depending on the time of day, being cooler at night
as the solar incidence reduced and warmer during the day as the solar incidence grew. Thus, it followed the climatic
conditions, varying more as the temperature rises (Fig 5).

4. CONCLUSION

An experimental evaluation of the thermal performance of a soil-air heat exchanger was carried out in this study,
comparing the amounts of heat exchanged, the temperature differences obtained, and the computed performance
coefficients.

The low COPs obtained are due to the high power consumption of the fan used to circulate the air; yet, it was still
able to obtain relevant results with the possibility of saving energy for the system.

Based on the results, it was determined that the earth-air heat exchanger (EAHE) has the potential to significantly
lower the energy cost of cooling or heating buildings in the studied location. The results of the study revealed that,
while the cost of installing EAHE is relatively expensive, they provide economic benefits through system operation in
terms of energy savings.

5. REFERENCES

BRUGNERA, R. R. et al. Escritérios de planta livre: o impacto de diferentes solugdes de fachada na eficiéncia
energética. Ambiente Construido, Porto Alegre, v. 19, n. 3, p. 295-315, jul./set. 2019.

BITTENCOURT, L. S. et al. Estudo do desempenho do peitoril ventilado para aumentar a ventilagdo natural em escolas
de Macei6/AL. Ambiente Construido, Porto Alegre, v. 7, n. 3, p. 59-69, jul./set. 2007.

BORDOLOI, Namrata et al. An intense review on the latest advancements of Earth Air Heat Exchangers. Renewable
and Sustainable Energy Reviews, v. 89, p. 261-280, 2018

CASALS, Xavier Garcia. 2006. “Analysis of building energy regulation and certification in Europe: Their role,
limitations and differences”. Energy and Buildings 38(5): 381-92.

DIAZ-HERNANDEZ, H. P. et al. Experimental study of an earth to air heat exchanger (EAHE) for warm humid
climatic conditions. Geothermics, v. 84, p. 101741, 2020.



C. H. Diedrich, D. P. Vasconcellos, G.H. dos Santos, T. A. Alves
Analysis of the Thermal Performance of a Earth-Air Heat Exchanger

GRECO, Adriana; MASSELLI, Claudia. The Optimization of the Thermal Performances of an Earth to Air Heat
Exchanger for an Air Conditioning System: A Numerical Study. Energies, v. 13, n. 23, p. 6414, 2020.

HACINI, Khaled et al. Efficiency assessment of an earth-air heat exchanger system for passive cooling in three
different regions: The Algerian case. FME Transactions, v. 49, n. 4, p. 1035-1046, 2021.

HOLLMULLER, P.; LACHAL, B. Air-soil heat exchangers for heating and cooling of buildings: Design guidelines,
potentials and constraints, system integration and global energy balance. Applied Energy, v. 119, p. 476-487, 2014.

KHABBAZ, Mohamed et al. Experimental and numerical study of an earth-to-air heat exchanger for buildings air
refreshment in Marrakech. In: BS2015, 14th International Conference of the International Building Performance
Simulation Association. 2015. Li, Haorong et al. 2014. “Performance of a coupled cooling system with earth-to-air
heat exchanger and solar chimney”. Renewable Energy 62: 468-77.

LIN, Jian et al. Impact of soil moisture on the long-term energy performance of an earth-air heat exchanger system.
Renewable Energy, v. 147, p. 2676-2687, 2020.

MARCONDES, M. P. et al. Conforto e desempenho térmico nas edificacdes do novo centro de pesquisas da Petrobras
no Rio de Janeiro. Ambiente Construido, Porto Alegre, v. 10, n. 1, p. 7-29, jan./mar. 2010.

MENDES, N. et al. The Use of Computational Tools for Thermal and Energy Performance Analysis of Buildings in
Brazil. Ambiente Construido, v. 5, n. 4, p. 47-68, 2005.

MENHOUDJ, Sayeh et al. Study of the energy performance of an earth—Air heat exchanger for refreshing buildings in
Algeria. Energy and buildings, v. 158, p. 1602-1612, 2018.

MORSHED, Wasseem et al. Cooling performance of earth-to-air heat exchangers applied to a poultry barn in semi-
desert areas of south Iraq. International Journal of Agricultural and Biological Engineering, v. 11, n. 3, p. 47-53,
2018.

RAMIREZ-DAVILA, L. et al. Numerical study of earth-to-air heat exchanger for three different climates. Energy and
Buildings, v. 76, p. 238-248, 2014.

RODRIGUES, Michel Kepes et al. Estudo do potencial térmico de trocador de calor solo-ar em dois tipos de solos no
municipio de rio grande (RS). Revista Brasileira de Energias Renovaveis, v. 6, n. 3, 2017.

SONI, Suresh Kumar; PANDEY, Mukesh; BARTARIA, Vishvendra Nath. Ground coupled heat exchangers: A review
and applications. Renewable and Sustainable Energy Reviews, v. 47, p. 83-92, 2015.

YUSOF, T. M.; ANUAR, S.; IBRAHIM, H. A review of ground heat exchangers for cooling application in the
Malaysian climate. Journal of Mechanical Engineering and Sciences, v. 8, p. 1426, 2015.

6. RESPONSIBILITY NOTICE

The authors are the only responsible for the printed material included in this paper.



