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Abstract

Introduction: The use of Earth-Air Heat Exchanger (EAHE) has recently been developed as an
efficient energy system in heating and cooling residential buildings and agricultural greenhouses
mainly due to its availability and low environmental pollution. In this system, air is circulated by a
fan through a pipe buried deep in the ground. The soil temperature at a depth of 2-3 meters remains
unchanged during the season depending on the geographical location and soil type. Of course, this
depth varies throughout the year and according to climatic changes. The heat exchange between the
soil and the air inside the pipe depends on the type of soil and its moisture content, the length and
diameter of the air transmission pipe, the depth of burial and the velocity of the air flow (air
velocity). Air circulation can be done in an open-loop circuit or a closed-loop circuit.

Materials and Methods: A factorial experiment was conducted in the form of a completely
randomized block design with two factors (pipe length at three levels (34, 17 and 52 meters) and air
velocity at two levels (5 and 10 m/s)) in three replications, to investigate the effect of these factors
on the coefficient of performance (COP), system efficiency and outlet air temperature. The
experiment was conducted in a greenhouse in Arak city, Iran, in Joune 2022. The area of the
greenhouse was 150 square meter and it was equipped with geothermal equipment. Air was
circulated through a 200 mm diameter PVC pipe buried three meters deep in the ground. Air was
circulating through an open loop circuit. Dependent variables were measured during the hot hours
of the day (from 12:00 to 18:00) for one week at the end of July. The air temperature at the fan inlet
and at 17, 34 and 52 meters along the pipe was measured by a single-channel data logger. Hourly
changes in outlet air temperature, COP and efficiency were measured in a 24-hour period and
plotted using Excel software.

Results and Discussion: The outlet air temperature did not change by reducing the air velocity was
from 10 m/s to 5 m/s when the pipe length was 34 or 52 m. But for the pipe length of 17 m, the
maximum temperature, COP and efficiency were observed at an air velocity of 5 m/s. Regardless
the air velocity, the average temperature of the outlet air for the three levels of the pipe length was
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28.5, 25.5 and 25.3°C, respectively. The outlet air temperature was almost the same for the pipe
lengths of 34 and 52 m. In other words, the optimal length of the pipe is about 34 meters. The mean
efficiencies for these two pipe length levels were 0.69 and 0.66, but the COP depended on the air
velocity. The average COP for air velocity of 5 and 10 m/s was obtained 1.4 and 2.5, respectively.
Based on these results, the lowest outlet air temperature, the best cooling efficiency and COP were
obtained when the pipe length and the air velocity were 34 m and 10 m/s, respectively. when the
length of the pipe was 17 meters, the temperature of the outlet air at two velocities of 10 and 5 m/s
was 29.9 and 27 °C, respectively. The cooling efficiency and COP at two velocities of 10 and 5
m/s, were 0.34, 0.54; and 2.1, 1.7 respectively. If the desired temperature is 28-30 °C, pipe length
of 17 m and the air velocity of 5 m/s is recommended. The results of hourly performance analysis
showed that the biggest difference between inlet and outlet air temperatures is obtained at the
middle hours of the day. The higher the ambient temperature, the higher the efficiency of the
EAHE system.

Conclusion: This system successfully met the cooling needs of a sample greenhouse in the climate
conditions of Markazi Province in June and July. The results showed that, the optimal pipe length
and the air velocity for this system are 34 m and 10 m/s, respectively. The average air outlet
temperature and cooling efficiency were 25.5 and 0.66 respectively. The higher the ambient
temperature, the higher the EAHE efficiency. This is mainly due to the higher temperature
difference between the outgoing and incoming air during the hottest hours of the day. As a result,
system efficiency and COP increase at the hottest hours of the day.

Keywords: Renewable energy, sustainable engineering, COP, efficiency, geothermal pump,
system performance
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instalation (C)
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Table (1) The used greenhouse specification
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Table(3) Results of the Analysis of Variance (ANOVA) of the effects of tube length and, air velocity in
the measured responses
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Table (4) Mean comparison of measured responses at the three levels of pipe length
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Table (5) Mean comparison of measured indices for the air velocities of 5 and 10 (m/s)
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Air velocity (m/s) Coefficient of Efficiency Outlet air temperature
performance (°C)
5 2.2a 0.66a 28.5a
10 3.4b 0.56b 27.1b
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Different letters at each column shows a significant difference among measured responses (P<0.01)
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Table (6) Mean comparison of interaction effects of pipe length and air velocity on measured indices

(m) |52 JUst o § J b (M/5) 132 s oo > SNles s 15 Slest (O s sl sl
Length of air Air velocity (m/s) Coefficient of Efficiency Outlet air temperature
transferring pipe performance (°C)
(m)
17 5 1.7b 0.54c 27b
10 2.1b 0.34d 29.9a
34 5 2.6b 0.73a 25.3c
10 3.7a 0.65ab 26.1c
57 5 2.4b 0.71a 25.3¢c
10 4.4a 0.68ab 25.4¢c
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Different letters at each column shows a significant difference for measured responses (P<0.01)
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Figure(2) Effect of pipe length on outlet air temperature and efficiency at air velocities of 10 and 5 m/s
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Figure (3) Hourly variation of the outlet air temperature and efficiency at velocities of 5 and 10m/s at three pipe
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