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Thermal analysis of horizontal
earth-air heat exchangers in a
subtropical climate: An
experimental study

Farkad A. Lattieffl, Mohammed A. Atiya®, Rudainah Ali Lateef3,
Anmar Dulaimi?® Muhsin J. Jweeg?®, Azher M. AbedS,
Jasim M. Mahdi! and Pouyan Talebizadehsardari”*

Department of Energy Engineering, University of Baghdad, Baghdad, Iraq, *Al- Khawarizmi College of
Engineering, University of Baghdad, Baghdad, Iraq, *Physic Department, College of Science, University
of Diyala, Diyala, Irag, “College of Engineering, University of Warith Al-Anbiyaa, Karbala, Irag, “Al-
Farahidi University, Baghdad, Iraq, *Department of Air Conditioning and Refrigeration, Al- Mustaqgbal
University College, Babylon, Iraq. “Centre for Sustainable Energy Use in Food Chains, Institute of
Energy Futures, Brunel University London, Uxbridge, United Kingdom

The earth-air heat exchanger (EHX) has a promising potential to passively save
the energy consumption of traditional air conditioning systems while
maintaining a high degree of indoor comfort. The use of EHX systems for air
conditioning in commercial and industrial settings offers several environmental
benefits and is capable of operating in both standalone and hybrid modes. This
study tests the performance and effectiveness of an EHX design in a sandy soil
area in Baghdad, Iragq. The area has a climate of the subtropical semi-humid
type. Ambient air temperatures and soil temperatures were recorded
throughout the months of 2021. During the months of January and June,
the temperatures of the inlet and ocutflow air at varying air velocities were
monitored concurrently in 10-min increments at each location. Further
numerical and thermodynamical analyses of the measurements were
conducted to reveal the influencing performance parameters. The highest
temperature rises of air between the Iinput and exit sections were
determined as 12.3°C (January) and 17.2°C (June). It is found that the
maximum values of effectiveness are 0.80 and 0.81, while coefficients of
performance are 1.6 and 1.8 for January and June, respectively. It is also
found that the EHX shows good functicnality and effectiveness, with
potential energy savings for equipment for cooling and heating under
different weather conditions.

KEYWORDS

geothermal energy, sandy socil, earth-air heat exchangers, subtropical climate
conditions, thermal, analyses
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FIGURE 1

Schematic diagram of the experimental earth heat exchanger prototype.

am

FIGURE 2
Earth heat exchanger prototype.

pipe of 4 m to a centrifugal blower which was fixed at the
beginning of one open end. The velocity of the ambient air
can be controlled by changing a gate installed at the entrance air
inlet of the blower. The air outlet was pushed to a caravan which
was installed for monitoring air conditions results.

For ambient air, two main parameters were measured during
the experiment: temperature and air velocity. Along the length of
the buried pipe, seven thermocouples (type K) were inserted at a

Frontiers in Built Environment

constant interval to measure the temperature of inlet and outlet
air (Tiy,, T3, T, Ti, T4 Ts, Tow) Another set of five
thermocouples was wused in the soil to measure the
temperature of the soil at different levels (T6, T Ts, To,
Tsoi)- All thermocouples were connected to a data logger of
32 channels type CKT4000 series multi-channel temperature
recorder uses 32-bit high-speed CPU for data processing and
recorded every 60 s. Pressure drop was not measured to focus on
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Flate Plate Solar Collectors
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