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Abstract. Introduction. In recent years, the application of energy-efficient technologies,
particularly heat pump systems (HPS), has been rapidly developing in autonomous heating and
cooling supply systems.

Methods and materials. This article investigates the application methods of HPS in heating
and cooling systems, as well as their energy and exergy analysis using thermal engineering
calculation methods.

Results. A thermal scheme of a geothermal heat pump-based heating and cooling system for
rural houses was developed. It was determined that when the compressor power of the HPS is 2 kW,
the heat obtained in the evaporator reaches 7.5 kW, while the heat power delivered to the consumer
through the condenser equals 9.5 kW. The ideal coefficient of performance (COP) was 4.75,
whereas the real COP, considering additional electricity consumption, was 3.8.

Conclusion. The calculation results demonstrated that the geothermal heat pump-based
heating and cooling system for rural houses is energetically efficient.

Keywords: heat pump system, heating and cooling supply systems, low-potential heat
source, geothermal heating and cooling supply system.
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Annotatsiya. Kirish. So‘nggi yillarda avtonom issiglik—sovuqlik ta’minoti tizimlarida
energiya tejamkor texnologiyalarni qo ‘llash, xususan issiglik nasoslaridan foydalanish (INQ) jadal
rivojlanib bormogda.

Usul va materiallar: Ushbu magolada issiqlik—sovuqlik ta’'minoti tizimlarida INQ qo ‘llash
usuli va uning energetik hamda eksergetik hisobi issiqlik texnik hisoblash usullari yordamida
amalga oshirilgan.

Natijalar: Qishlog uylarining geotermal issiqlik nasosli issiqlik-sovuqlik ta’minoti tizimi
issiglik sxemasi ishlab chigilgan. INQ kompressor quvvati 2 kW ni tashkil etganda bug ‘latgichda
olinadigan issiqlik migdori 7,5 kW, kondensatordan iste ’'molchiga beriladigan issiqlik quvvati esa
9,5 kW ga teng bolishi aniglandi. Ideal COP giymati 4,75, qo ‘shimcha elektr sarflar hisobga
olinganda real COP 3,8 ni tashkil etga.

Xulosa: Hisoblash natijalari gishlog uylarining geotermal issiqlik nasosli issiqlik-sovuqlik
ta’'minoti tizimining energetik jihatdan samarali ekanligini ko ‘rsatadi.

Kalit so‘zlar: issiglik nasosli qurilma, issiglik—sovuqlik ta’minoti tizimlari, past potensialli
manba, geotermal issiqlik nasosli issiqlik-sovuqlik ta’'minoti tizimi.
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Annomauyun.  Beedenue. B nocieonue 2006l 6  AGMOHOMHBIX — CUCIIEMAX
MENI0XNA00CHAONCEHUS AKMUBHO PA3BUBAIOMCA dHepeochepezaroujue MexHOI02UlU, 8 YACIMHOCU
npumMeHenue menjioHacocHvlx yemanogok (THY).

Memoovt u mamepuansl. B oannou cmamve ucciedosanvi memoowvt npumerenuss THY &
cucmemax —menyio- U  XOA0OOCHAOICEHUS, A MAKdiCce GbINOJHEHbl dHepeemuyeckue U
9KcepeemudecKkue pacyemyl ¢ UCNOIb308AHUEM MENTOMEXHUYECKUX MeMOo008 paciemad.
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Pesynomamui. Paspabomana mennogas cxema CUCmemvl MenioxXad00CHa0 Cenus
CeNbCKO20 00MA HA OCHOBE 2e0MepPMANIbHO20 MeN108020 HAcCocd. YcmanoeieHo, 4mo npu
mowHocmu komnpeccopa THY 2 kBm konuuecmeo mennomoel, noiyuaemou 6 uchnapumere,
cocmasnsiem 7,5 kBm, a mennosas mowHocms, nepeoasaemas nompeoumenio uepe3 KOHOeHcamop,
-9,5 kBm. Hoeanvmuwiii xosghuyuenm npeoopazosanus (COP) cocmasun 4,75, a ¢ yuemom
donoaHumenvbuvix 3ampam snekmposnepeuu peaivrviti COP oocmue 3,8.

3aknrouenue. Pe3ynomamul pacuemos nOKa3anu, Ymo cucmema menioxiaooCHAONCe s
CeNbCKo20 00MA HA OCHOBE 2e0MePMAIbHO20 MENI08020 HACOCA AGNAEMC IHePeemudecKu
aghghexmuenoii.

Knrouegvle cnosa: mennosas HAcocHas yCMAaHOBKA, CUCMeEMbl MENI0XIA00CHADN*CEHUS,
HU3KONOMEHYUANbHBIL UCIOYHUK, 2e0MEPMATIbHASL CUCMEMA MENIOXAA00CHADICEHUS.

Introduction

In recent years, the application of energy-efficient technologies in autonomous heating and
cooling supply systems, particularly heat pump systems (HPS), has been rapidly developing. Heat
pump systems are highly efficient not only for heating but also for cooling processes, making them
an optimal energy source for modern energy supply systems. Low-potential heat sources for such
systems may include ambient air, groundwater, river and lake water, soil, and industrial waste heat
recovered from technological processes [1-4].

Similarly, researchers led by A. Priarona modeled heating and cooling systems in a smart
energy building located in Savona, Italy, using the EnergyPlus software package. The operation of
water-to-water (WHP) and air-to-air (AHP) heat pumps was analyzed, empirical equations were
obtained using the Curve Fit method, and the system efficiency was evaluated [5].

In studies conducted by E. Bellos, the efficiency of high-temperature heat pumps in heat
supply systems was investigated. Thus, the use of heat pumps in heating and cooling systems plays
an important role in ensuring energy efficiency, environmental safety, and stable operation of
engineering systems. Their application in modern greenhouses and agricultural facilities is
considered a promising direction for sustainable energy development [6].

I e
Evaporator [}

T

Expansion Valve

Figure 1. Schematic diagram of a heat pump.

According to their operating modes and structural features, heat pump systems (HPS) used
in heating and cooling applications are commonly classified into “air-to-air,” “water-to-water,” “air-
to-water,” and “water-to-air” types. These configurations differ depending on the organization of
the heat exchange process between the heat source and the heating/cooling consumer and are widely
applied under various climatic and operational conditions [7].

Geothermal heat pumps are considered highly efficient systems because they utilize the
nearly constant ground temperature throughout the year to improve performance and ensure stable
heat transfer conditions. In such systems, the energy efficiency ratio (EER) is used to evaluate
cooling performance, whereas the coefficient of performance (COP) is applied for heating
operation.

The performance of geothermal heat pumps depends on several factors, including the
temperature of the heat-transfer fluid, the thermophysical properties of the ground (thermal
conductivity and heat capacity), as well as the configuration and arrangement of borehole heat
exchangers used in the installation. These factors determine the intensity of heat exchange and the
overall energy efficiency of the system [8].
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The main advantages of heat pump systems include significant savings of conventional fuel
and energy resources, high energy efficiency (generation of several units of heat per unit of electrical
energy consumed), stable heating and cooling operation, as well as simplicity, reliability, and
convenience of maintenance during KcruryaTaum.

In this study, the authors developed a schematic diagram of a geothermal heat pump-based
heating and cooling supply system for rural houses, which is presented in Figure 2.

1 7
Figure 2. Schematic diagram of a geothermal heat pump-based heating and cooling supply
system for rural houses.
1 - consumer (rural house), 2 — autonomous photovoltaic power station, 3 — heat pump system
(HPS), 4 — battery storage system, 5 — geothermal well, 6 — heating and cooling supply system, 7 —
domestic hot water supply system.

Figure 2 illustrates an integrated heating, cooling, and domestic hot water supply system for
rural houses based on a geothermal heat pump unit (HPU). The proposed system is based on the
combined utilization of renewable energy sources, namely geothermal energy and solar energy, and
represents an autonomous and energy-efficient solution.

In this system, underground geothermal energy is used as the primary heat source. The
relatively stable thermal energy extracted through a geothermal well is transformed by the heat
pump and utilized for space heating, cooling, and domestic hot water supply in rural houses.

Results and discussions

The energy efficiency performance of the HPU can be determined using the following
equations and initial conditions.

The overall mass balance equation of the HPS is expressed as follows [3]:

XM = XMoys (D

In the steady-state operating mode of the HPU, the mass flow of the refrigerant is assumed
to be constant in all elements of the cycle, that is:

my =My = M3 =My (2)

The energy balance equation of the heat pump system (HPS) is expressed as follows:

Qcond = Qev + chomp =75+2= 975 kw

Where, Q; — is the heat output from the condenser, kW; Q,,, — is the heat absorbed in the
evaporator, KW; W, — is the compressor power consumption, kW.

The compressor power is determined by the following equation. The initial conditions are

assumed as follows: h; = 400@,h2 = 440 kij, h; = ZSORLj, h, = ZSORLj, m, = 0,05 kg/s.
kg kg kg kg

Weomp = my+ (hy — hy) = 0,05 - (440 — 400) = 0,05-40 = 2 kW
where, m,. — is the refrigerant mass flow rate, kg/s; h; — is the enthalpy at point 1, kDj/kg;
h, — is the enthalpy at point 2, kDJ/kg.
The refrigerant mass flow rate is determined using the following equation
my = pr1* Veomp "My M (3)
where, Vzomp 1s the compressor displacement volume, m?; n, is the volumetric efficiency;
n is the compressor rotational speed; and py, is the density of the working fluid (refrigerant).
The heat absorbed in the evaporator is calculated as follows:
Qep = my - (hy — hy) = 0,05- (400 — 250) = 0,05-150 = 7,5 kW
The enthalpy at point 2 is expressed as:
h, =h"+C, - (t; — t3) (4)
The entropy at point 2 is determined by:
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Sy =S"+CpIn(2 (5)

2
where t; is the superheating temperature at the condenser, °C; t, is the condenser
temperature, °C; h' — is the evaporation enthalpy, kDj/kg; S’ is the evaporation entropy,

kDj/(kg-K); and C, is the specific heat capacity of the superheated vapor.

The heat released by the condenser is calculated as:

Qcona = my - (h, —h3) = 0,05- (440 — 250) = 0,05-190 = 9,5 kW

The coefficient of performance (COP) is one of the main indicators characterizing the energy
efficiency of heat pumps. It is defined as the ratio of the heating capacity to the electrical power
consumed. Therefore, the ideal heating COP of the HPS is calculated as follows:

_ Qcona _ Teona _ h2 — h3 _ 440 — 250 _
oy = =a- = = = 4,75
VVComp Tcond - Tev h2 - hl 440 — 400
Considering additional electrical power consumption, the real COP is expressed as:
Qcona m, - (h, — h3) 0,05 - (440 — 250) 9,5

Weomp + Wy~ m, - (hy —hy) + W, 0,05- (440 —400) +0,5 25 38

where, @ — is the total loss coefficient of the heat pump (0,3-0,4); Teong — is the
condensation temperature of the working fluid (refrigerant) °C; T,,, — is the evaporation temperature
of the working fluid (refrigerant), °C; h, — is the enthalpy at point 4, kDj/kg; W, is the additional
electrical power consumption associated with auxiliary devices such as fans and control systems
(0.5 kW).

The COP alone cannot fully describe the actual thermodynamic performance of the
geothermal heat pump system (GHPS). Therefore, exergy analysis is applied to evaluate the useful
work potential of the system more comprehensively [4].

The exergy balance equation of the GHPS can be expressed as:

ZExin :ZExout +2Exloss (6)

Pr =

or,
Exg + chomp + VVa = Exusef + Exloss (7)
where, Ex,; — is the exergy obtained from the geothermal heat source, Weomp, W, —
represents the total electrical energy consumption required for the operation of the heat pump
system, Ex,s.r — is the useful exergy delivered by the condenser of the geothermal heat pump
system (GHPS), Ex;,,s — represents the exergy losses occurring in the GHPS due to irreversible
processes.
The amount of heat extracted from the geothermal source is expressed as follows:

Qg =mgy- Cp ) (Tg.out - Tg.in)a kW (8)
The exergy of the heat flow obtained from the geothermal source is calculated as follows:
T
Exg:Qg'( _i> ©)

where, Ty — is the ambient temperature, K; T, — is the geothermal source temperature, K.

The exergy supplied through the compressor of the geothermal heat pump system (GHPS)
is expressed by the following equation. In this case, the electrical energy consumed by the
compressor is considered to be entirely exergy. Therefore:

Excomp = VVComp (10)
Exq =W, 3y

Thus, the total electrical exergy is expressed as:
Exe = M/Comp + W, (12)

The exergy of the heat delivered to the consumer through the condenser of the GHPS is
determined by:

T,
Excond = Qcond ' (1 - Tcoond) (13)
The exergy of the heat absorbed in the evaporator of the GHPS is expressed as:
T,
Exev = Qev ’ ( _i) (14)
98 21.03.2026

in
R
R

LN N



#01122) 2026

Mugqobil energetika/AnbTepHaTuBHasi JHepreTuka/Alternative energy

where, T.onq — is the average condenser temperature of the GHPS, K; T,,, — is the average
evaporator temperature of the GHPS, K.

The exergy losses caused by irreversible processes in the GHPS are determined using the
Gouy—Stodola equation:

Ex;pss = Ty - AS (15)
Alternatively, using the exergy balance equation of the GHPS,
Exioss = EXin — EXoue (16)
that is,
EX1p5s = Exg + Exop — EX¢ong. (17)
The exergy efficiency of the GHPS is determined by the following equation:
EXyse
Mex = et (18)
or,
To
Qcona’|\1—
Mex = (r) (19)

= ud
Exel"‘Qev'(l_m)
In practical applications, the simplified exergy efficiency of the GHPS is calculated using

the following equation:

Qcond’{1— To
Mex = % (20)
Based on the equations developed for evaluating the energy and exergy performance of the
GHPS, the initial parameters adopted for the thermodynamic calculations of the geothermal heat
pump system are presented in Table 1, while the corresponding calculation results are summarized
in Table 2.

—13-12-11-10-9 -8 -7 —6

—5-4
Ambient temperature, ;.

5-4-3-2-10 L 2 3 4 5

6 7 8 810

Table 1.
Initial parameters adopted for the energy and exergy calculations of the GHPS
Parametr Symbol Value Unit
Refrigerant mass flow rate m, 0.05 kg/s
Enthalpy at point 1 h 400 kDj/kg
Enthalpy at point 2 hy 440 kDj/kg
Enthalpy at point 3 h; 250 kDj/kg
Enthalpy at point 4 hy 250 kDj/kg
Additional electrical power W, 0.5 kW
Ambient temperature Ty 298 K
Condenser temperature Teond 318 K
Table 2.
Results of the energy and exergy calculations of the geothermal heat pump system
Indicator Results
GHPS compressor power 2 kW
GHPS evaporator heat capacity 7.5 kW
GHPS condenser heat capacity 9.5 kW
Ideal COP 4.75
Real COP 3.8
Exergy power 0.60 kW
Exergy efficiency 24 %

Figure 3. Dependence of GHPS power variation on changes in ambient temperature.
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Heating coeflicient, COP

Amblent temperature, to,°C

Figure 4. Dependence of the ideal and real COP of the HPS on ambient temperature
variations.

Figures 3—4 present the results obtained for the LWH-030LWC geothermal heat pump
system based on the initial parameters given in Table 1. In this case, the effect of ambient
temperature variation on the performance of the geothermal heat pump system (GHPS) was
evaluated.

According to the results presented in Figure 4, the compressor power of the heat pump
system (HPS) varies depending on the ambient temperature. At an ambient temperature of —-13 °C
and condenser temperatures of 45 °C, 50 °C and 55 °C, the compressor power of the HPS was found
to be 3.5 kW, 3.6 kW, and 3.7 kW, respectively.

At relatively low ambient temperatures, the evaporation pressure decreases significantly,
resulting in an increased compression ratio and, consequently, higher compressor power
consumption. As the ambient temperature increases, the compressor power decreases. In particular,
when the ambient temperature is within the range of 0...5°C, the compressor operates at minimum
power levels of approximately 2.6 kW, 2.4 kW, and 2.1 kW, respectively.

Conclusions

However, a further increase in ambient temperature leads to an increase in compressor power
due to the growth of heat flow and refrigerant mass flow rate. In addition, an increase in
condensation temperature causes a higher compressor load, which negatively affects the overall
energy efficiency of the system.
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