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Сучасні проблеми холодильної техніки та технології / Збірник тез доповідей XI Всеукраїнської
науково-технічної конференції. – Одеса: ОНАХТ, 2017. – 243 с.

У збірнику наведені матеріали XI Всеукраїнської науково-технічної конференції «Сучасні 
проблеми холодильної техніки та технології» та розглянуто різні аспекти науково-технічних питань, 
пов’язаних з проектуванням, виготовленням та експлуатацією холодильного обладнання різного 
призначення, дослідженням робочих тіл та процесів в елементах холодильних та кріогенних систем, 
застосуванням нано та когенераційних технологій, використанням холоду в харчових технологіях, 
застосуванням і впровадженням нетрадиційних джерел енергії. 

В сборнике представлены материалы ХI Всеукраинской научно-технической конференции 
«Современные проблемы холодильной техники и технологии» и рассмотрены различные аспекты 
научно-технических вопросов, связанных с проектированием, изготовлением и эксплуатацией 
холодильного оборудования различного назначения, исследованием рабочих тел и процессов в 
элементах холодильных и криогенных систем, применением нано и когенерационных технологий, 
использованием холода в пищевых технологиях, применением и внедрением нетрадиционных 
источников энергии. 

Рекомендовано до видання Вченою Радою Одеської національної академії харчових технологій 
протоколом №6 від 07.11.2017 р.

Відповідальність за достовірність інформації несе автор публікації. 
Матеріали публікуються мовою оригінала, наданого автором.
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УДК 627.355

EFFICIENCY EVALUATION OF DOMESTIC SOLAR ASSISTED GROUND-
SOURCE HEAT PUMP SYSTEM FOR SOUTHERN UKRAINIAN REGION 

O. Ostapenko, O. Yakovleva, M. Khmelniuk
Odessa National Academy of Food Technologies 
Odessa, 65083, Ukraine, ostapenkosc@gmail.com

With raising energy prices and more restricted environment regulations, the rational use of energy 
resources in household sector becomes more important. It is directly linked to increasing energy needs of 
humanity and the simultaneous depletion of traditional non-renewable energy resources in the world as a 
whole and in individual regions. Heat pumps are widely used in the chemical and food industries, housing 
and communal services. The use of heat pumps allows reducing greenhouse gas and carcinogenic substances 
emissions and, thus reducing human impact on the environment. The heat pump performance is based with 
following factors: the temperature of heat source, schematic diagram of the heat pump, climate conditions of 
the region, working fluids of heat pump (refrigerants and intermediate coolants), heat pump elements (type 
of compressors, heat exchangers, control systems).  
 As working substance refrigerant R410A was selected. When just considering the compressor COP, 
R410A does not seem to be the best solution. As soon as we extend the scope of the analysis and consider 
the complete heat pump system immediate advantages are highlighted. Focusing first on the condenser, 
where the hot water is produced, we can see, that due to the fact that R410A has no glide the dew condensing 
temperature is lower than with R407C by an average of 2K, leading to higher system efficiency. The sub-
cooling effect plays an important role. R410A with zero glide is able to maintain a constant sub-cooling of 
3.5K without a liquid receiver. R407C systems need a liquid receiver to keep a stable sub-cooling of 1.5K. In 
the air coil the same evaporating temperature is used for R410A and R407C. One additional effect of the 
absence of glide is that the unit will need less defrost cycles but this effect has not been taken into account in 
this paper because it strongly depends on the fin and air flow design. 

Approximately 1/3 of the total energy consumption comes from heating buildings in Ukraine. 
Energy-saving building technologies, as well as the cost of the heating system can significantly reduce 
energy consumption, thereby helping to save natural resources and protect the earth's atmosphere. 
Considerable savings potential lies in the system of hot water. Thus, the solar collectors in combination with 
the ground-source heat pump in our latitudes, it is in the summer months represent the most interesting 
alternative to the use of the conventional heating systems. Following system was proposed for a house about 
200 m2 floor areas. Home has two heating system: conventional natural gas heater and a ground-source heat 
pump. A schematic diagram of the ground source heat pump system is given on fig. 1.  

Ground-source heat pump was calculated according to European Standard EN 14511-2:2013. The 
European Standard BS EN 14825:2016:2016-03 was used for the domestic hot water production in the 
seasonal efficiency calculation. A strength of standard EN14825 is that it includes all kinds of heat pumps 
(except exhaust air heat pumps). The model treats heat pumps both in heating and cooling operation. 
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Figure 1. Schematic diagram of the heat pump system components.

Energy efficiency ratio

where – cooling capacity, kW; - compressor work, kW
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Seasonal performance factor

Seasonal performance factor for the whole system 

where – heating system capacity, kW; – hot water system capacity, kW; - electrical input to the heat 
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Figure 2. Seasonal performance factor for ground 
source heat pump system

Figure 3. Energy efficiency ratio and COP for 
ground source heat pump system with solar thermal 

system and without.
Energy efficiency was calculated for different operation modes. Heat pump operation modes were 

selected B0/W35, B7/W35 and B0/W55, B7/W55. Calculation were made for heat pump system alone and 
with solar thermal collectors working in series.  

Increasing prices on energy resources and availability of the new technologies give an opportunity 
for alternative heating and cooling solutions implementation. Solar thermal system allows to increase outlet 
temperature from ground heat exchanger and therefore increase COP of the heat pump system by 4-6% 
(dependent on the operating mode).  

Modelling results show us that the lowest optimal inclination angle of solar collector is 17 o to the 
South. If the angle of the collector is greater, higher amount of incoming energy will be received through the 
year. Therefore, collectors used for the maintenance of heat pump system, installed at a large angle. This 
reduces the amount of excess heat in the summer, while the efficiency of the collectors in winter sunlight 
falling under a smaller angle optimized. The graph shows that the optimal inclination angle is between 20 
and 45 o.  

The growth of the COP is caused by reduction of the electrical input to the heat pump because of 
higher temperature gain by solar collector. Solar thermal collector has possibility to reduce borehole 
depletion and can be used for ground heat exchanger regeneration during heat pump stand by. Ukraine’s 
Southern region has great potential for solar energy use with solar irradiation 1100-1300 kWh/m2.  
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