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Abstract: One of the most common sources of thermal energy is the natural heat of the ground. The subject of 
the research is the technology of geothermal low potential heat extraction from the near-surface layer of the Earth. 
The technology of heat extraction from the near-surface layer of the Earth using borehole heat exchangers and 
geothermal heat pumps is considered. The extracted heat is proposed to use in heat pump systems for decentralized 
heating objects with small capacity (farms, residential buildings, cottages, offices, hotels). A non-pumping method 
of extracting the low-potential heat from the near-surface layer of the Earth using deep thermosyphon probes allows 
significantly increasing the Seasonal Performance Factor (SPF) of a geothermal heat pump. The use of deep 
geothermal probes based on thermosyphon heat tubes is an advanced technology of low-potential heat extraction 
from the near-surface layer of the Earth. There is no need to organize forced circulation of the working fluid 
because heat transfer occurs due to evaporation and condensation of the working fluid in thermosyphon heat tube. 
The SPF for geothermal heat pump increases due to reduced electricity power consumption. The advantages of 
geothermal borehole heat exchangers based on thermosyphon heat tubes according to economic and environmental 
aspects are shown. The properties of environmentally friendly thermal working fluids used in the geothermal 
thermosyphon are considered and the result of experimental sample tests is shown. The carbon dioxide (R-744) is 
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used as the working fluid for geothermal thermosyphon. The carbon dioxide has a higher saturation pressure and 
provides better heat transfer characteristics of the geothermal thermosyphon than the other refrigerants. The 
possibility of use flexible corrugated stainless steel tubes of domestic production for the manufacture of deep 
geothermal thermosyphon probes was investigated. A promising design of the borehole heat exchanger based on 
flexible helical corrugated tubes is proposed. The flow of condensate through the helical groove promotes a uniform 
distribution of the working agent film along the tube wall, which ensures efficient heat transfer along the whole 
length of the tube. The work is carried out for financial assistance of NAS of Ukrain
research program.

Keywords: geothermal energy, borehole heat exchanger, thermosyphon heat pipe, heat pump, heat supply. 
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- - - - -
-

- -
-

3 3

-

a; 3 a; 3  R22; 4  R22; 4 R600a; 5 R600a R



50
VI -

-

-2). 

- -744

-20%.  

1. Lund J.W., Boyd T.L. Direct Utilization of Geothermal Energy 2015 Worldwide Review. Geothermics. 2016.
Vol. 60. P. 66-93. 
2. Luo J., Rohn J., Xiang W., Bertermann D., Blum P. A review of ground investigations for ground source heat 
pump (GSHP) systems. Energy and Buildings. 2016. Vol. 117. P. 160-175.
3. -IV. URL:
http://zakon5.rada.gov.ua/laws/show/555-15
4. Thermal use of the underground - Fundamentals, approvals, environmental aspects. VDI 4640 Part 1:2010. 
URL: https://www.vdi.de/uploads/tx_vdirili/pdf/1540489.pdf
5. . -

. .  31. 
6.

7.

8.
-20.

9. Vasiliev L.L. Geothermal energy utilization with heat pipes. Journal of Engineering Physics and 
Thermophysics. 1990. Vol. 59. P. 1186-1190.
10. Ochsner K. Carbon dioxide heat pipe in conjunction with a ground source heat pump (GSHP). Applied Thermal 
Engineering. 2008. Vol. 28. P. 2077-2082. 
11.

.   
12.

. .
13. ECO- . URL: http://www.eco-flex.com.ua

14. Chalaev D., Silnyagina N., Shmatok A., Nedbailo A. Heat transfer enhancement in corrugated tube heat 
exchanger. Ukrainian Journal of Food Science. 2016. Vol. 5. No. 2. P. 376-386. 

rmophymophy
0. Ochsner Khsner K

Engineering. 200Engineering. 200
11.11.

liev L.L. Geothermaliev L.L. Ge
ics. 1990. Vol. 59. 0. Vol

. Carbon dioxn dio
. Vol. 

ll

55
- Fundamentals, aFundamentals, a

_vdirili/pdf/1540489.pdfdirili/pdf/1540489.p

. 

al Eal E

m P. A review oview o
6. Vol. 117. P. 160-6. Vol. 117. P. 160-11

provals, proval

-20%.  

Energy 2015 Worldwide2015 Worldwide

of ground inroun
75.5.

%.



  

VI -
-

-   
, , 4 

9 

, . ... 13 

23 

, 28 

32

37

41 

47

  51 

57 

62 

. 67 

  72 

79

, 84 

91

93 

., 96 

,

1

23 23


