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  ABSTRACT    

 
Earth-to-air heat exchanger technology is a promising technology that has recently 

begun to be used to control the temperature of greenhouses, therefore, the aim of the 

current study was to know how increasing the diameter of the tube would affect the 

operation of the earth-to-air heat exchanger. Two heat exchangers, 22 meters long and 1.5 

meters deep, each in the shape of a U, were tested inside two greenhouses with dimensions 

of (2*3*12)m. Both were made of PVC with a wall thickness of 2.8mm, the air velocity 

within the pipes was constant at about 2m.s-1. The experiments were conducted in a coastal 

area at a depth of one and a half in clayey soil. 

             The results showed that the larger diameter resulted in greater heat 

exchange. The larger diameter heat exchanger raised the temperature by 38.9% and 20.7% 

during the two heating periods of the same day, while the smaller diameter heat exchanger 

raised the temperature by 17.38% and 12.56% during the two heating periods of the same 

day, during the cooling phase, when temperatures was reached their highest levels during 

the daytime hours, the exchanger with the larger diameter reduced the temperature inside 

the greenhouse by about 5.6% while this percentage was 3.4% for the small diameter. 

Keywords: Earth-to-air heat exchanger, tube diameter, soil temperature, air velocity, 

heating, cooling. 

 

 

 

 

 

 

 

 

 

 

 

  
 

*Professor, Department of Agricultural Mechanization, Faculty of Technical Engineering, Tartous 

University. 

**Assistant Prof., Department of Agricultural Mechanization, Faculty of Technical Engineering, 

Tartous University. 

***Ph.D Student, Department of Agricultural Mechanization, Faculty of Technical 

Engineering, Tartous University. 



 2025Tartous University Journal.eng. Sciences Series(8( العدد)9العلوم الهندسية المجلد ) مجلة جامعة طرطوس 

 

71 
 

˚˚



 علي ،  مرشد،  سلامة،   أرض  -تأثير قطر الأنبوب في أداء المبادل الحراري هواء

72 
 

˚

˚˚



 2025Tartous University Journal.eng. Sciences Series(8( العدد)9العلوم الهندسية المجلد ) مجلة جامعة طرطوس 

 

73 
 

˗

• 

• 

• 

• 

• 

• 

• 



 علي ،  مرشد،  سلامة،   أرض  -تأثير قطر الأنبوب في أداء المبادل الحراري هواء

74 
 



 2025Tartous University Journal.eng. Sciences Series(8( العدد)9العلوم الهندسية المجلد ) مجلة جامعة طرطوس 

 

75 
 

˚

˚



 علي ،  مرشد،  سلامة،   أرض  -تأثير قطر الأنبوب في أداء المبادل الحراري هواء

76 
 



 2025Tartous University Journal.eng. Sciences Series(8( العدد)9العلوم الهندسية المجلد ) مجلة جامعة طرطوس 

 

77 
 

• 

• 

˚

˚

• 

• 



 علي ،  مرشد،  سلامة،   أرض  -تأثير قطر الأنبوب في أداء المبادل الحراري هواء

78 
 

 

 

1. Abdel-Ghany, A. M., Al-Helal, I. M., Alsadon, A., Ibrahim, A., & Shady, 

M. (2022). Measuring and predicting the in-ground temperature profile for geothermal 

energy systems in the desert of arid regions. Energies, 15(19), 7268. 

2. Bharadwaj, S. S., & Bansal, N. K. (1981). Temperature distribution inside 

ground for various surface conditions. Building and Environment, 16(3), 183-192. 

3. Bisoniya, T. S. (2015). Design of earth–air heat exchanger system. 

Geothermal Energy, 3, 1-10. 

4. Hegazy, A., Subiantoro, A., & Norris, S. (2021, November). Closed 

greenhouse heating in an arid Egyptian winter using earth-air heat exchangers. In ASME 

International Mechanical Engineering Congress and Exposition (Vol. 85673, p. 

V011T11A077). American Society of Mechanical Engineers. 

5. Janssens, A., &De Paepe, M. (2020). Design of earth-air heat exchangers. In 

Research in Building Physics (pp. 835-842). CRC Press. 

6. Morshed, W., Leso, L., Conti, L., Rossi, GT., Simonini, S., & Barbari, M. 

(2018). 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, 11(3), 47-53. 

7. Morshed, W., Abbas, L., & Nazha, H. (2022). Heating performance of the 

PVC earthair tubular heat exchanger applied to a greenhouse in the coastal area of west 

Syria: An experimental study. Thermal Science and Engineering Progress, 27, 101000. 

8. Sakhrı, N., Mennı, Y., Ameur, H., & Chamkha, A. J. (2021). Experimental 

study of a stand-alone earth to air heat exchanger for heating and cooling in arid regions. 

Journal of Thermal Engineering, 7(5), 1206-1215. 

9. Sukhıja, A., & Sharma, A. (2021). Design studies on horizontal and vertical 

configuration of ground earth heat exchanger. Journal of Thermal Engineering, 8(3), 373-

390. 

10. Verma, M., Bansal, V., & Rana, K. (2020). Development of passive energy 

source as earth air pipe heat exchangers (eaphe) system-a review. Journal of Thermal 

Engineering, 6(5), 651-676. 


