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Abstract. This article is devoted to the methods for increasing the operational efficiency of the single-
stage and two-stage schemes of heat pump installations for heating systems, based on the energy saving
principles. The major aim of the study is the analysis of methods for increasing the efficiency of
alternative low-potential heat pump installations based on the subsoil waters, which correspond to the
requirements of the energy saving technologies. To achieve the aim a comparative analysis of efficiency
of different schemes of heat pump heating systems was performed for the consumers of the South-East
of Europe. The rational schematic and constructive solutions and the system operational modes that
ensure the increase in the efficiency of the alternative heating system for various climatic conditions
were grounded. The main ways of increasing the efficiency of the low-potential heating systems using
the heat pump units based on the subsoil waters were determined. Recommendations for the practical
application of the alternative heating system solutions, depending on temperature of the outside air were
developed. The significance of the obtained results consists in justification of conditions, which make it
possible to use the single- and two-stage HP1 schemes on the subsoil waters in the South-Eastern Europe.
The most significant results are those recommending the increase in the operational efficiency of the
heat pump systems on the subsoil waters for the heat supply for the consumers of the South-Eastern
Europe. The analysis results can be used for designing the heating systems based on the heat pumps
using the low-potential energy of the subsoil waters.
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Rezumat. In articol se discutd modalititile si metodele de imbundtitire a eficientei schemelor cu un singur stadiu
si cu doua etape ale instalatiilor de pompare a céldurii in scopuri de Incalzire, pe baza principiilor economisirii de
energie. Scopul principal al studiului constd in analiza modalititi de imbunatatire a eficientei instalatiilor
alternative cu pompa de caldurd cu potential termic redus bazate pe ape subterane care indeplinesc cerintele
tehnologiilor de economisire a energiei. Pentru a atinge obiectivul stabilit al studiului, a fost efectuatd o analiza
comparativa a eficacitatii diferitelor scheme din cadrul sistemelor de alimentare cu caldura prin pompare de caldura
pentru consumatorii din regiunile sud-estice ale Europei. A fost dezvoltat un algoritm pentru calcularea sistemelor
alternative de alimentare cu céldurad pentru consumatori, luand in considerare conditiile climatice. Este propusa o
metoda de evaluare a eficientei energetice a schemelor alternative de alimentare cu caldurd eleborate.
Implementarea metodei este prezentatd pe un exemplu specific si se confirma eficienta incélzirii alternative pentru
consumatori. Importata rezultatelor obtinute este de a fundamenta conditiile in care este recomandabil sa se
utilizeze schemele cu un etaj si doud etaje a pompelor de caldura cu utilizarea apelor subterane din regiunile sud-
estice ale Europei. Cele mai semnificative rezultate sunt recomandari pentru imbunatatirea eficientei sistemelor cu
pompe de cdldura pe baza apelor subterane pentru alimentarea cu cdldura a consumatorilor din regiunile sud-estice
ale Europei. Rezultatele analizei pot fi utilizate pentru a proiecta retele de caldura bazate pe pompe de caldura care
utilizeaza energie cu potential termic redus a apelor subterane.

Cuvinte-cheie: economie de energie, eficientd, raport de transformare, pompad de caldura, apa subterana,
schimbator de cadldura intermediar, subracitor, energie primara.

© Jlenucosa A., Kimumuyk A.,
HBanoga JI., XKaitopon O., 2020

78



PROBLEMELE ENERGETICII REGIONALE 4 (48) 2020

JHeprernyeckas 3P(PeKTHBHOCTH TEMJIOHACOCHBIX YCTAHOBOK
Ha §a3e rpyHToBBIX BoA 1715 FOro-BocTtounsix pernonos EBponsi
Jenucona A. E., Knumuyk A A., UBanoBa JI. B, JKaiisopon O. C.
Opecckuii HATMOHANBHBIA TOJTUTEXHUIECKUN YHUBEPCUTET
Opnecca, YkpanHa

Annomayusa. B cTatbe pacCMOTPEHBI IITH M METO/IbI TIOBBIIEHHS 3()(hEeKTHBHOCTH PabOTHI OAHOCTYIEHYATHIX U
JBYXCTYNEHYATHIX CXEM TEIIOHACOCHBIX YCTAaHOBOK IJIsl LEJIeil OTOIUICHWS, OCHOBAaHHBIE Ha IPHUHIMIAX
sHeprocoepexkerns. OCHOBHOH LENbI0 UCCIENOBAHUS SBIACTCS aHAIN3 CIOCOOOB MOBHIMICHHS Y((PEKTHBHOCTH
IPTEPHATHBHBIX HU3KOMOTEHINAIBHBIX TEIUIOHACOCHBIX YCTAHOBOK Ha 0a3e TPYHTOBBIX BOJl, KOTOpBIE
COOTBETCTBYIOT TPeOOBaHMSAM »dHeprocOeperarommx TEeXHONOrud. [t JOCTH)KEHMS MOCTAaBICHHOW IIEJH
UCCieI0BaHus OB NMPOBEJICH CPaBHUTENIBHBIN aHamu3 d(Q(GEKTUBHOCTH Pa3IMYHBIX CXEM TEIUIOBBIX HACOCHBIX
CHCTeM TeTIocHa0XeHus At motpedureneit FOro-Bocrounsix pernonos EBpomnbl. Pazpaboran anroputm pacuera
IBTEPHATHBHBIX CHUCTEM TEIUIOCHA0XKEHHsI MOTpeOUTENIel ¢ y4eToM KIMMaTHueckux ycioBuil. [Ipeanoxkena
METOJIMKa OLEHKH SHEPTrod((eKTUBHOCTHU NMPEJIOKEHHBIX aJbTePHATUBHBIX CXEM TelJIocHa0XeHus1. Peanuzarus
METO/1a TI0Ka3aHa Ha KOHKPETHOM IIPUMEPE M MOATBEpKAeHa 3((GEKTUBHOCTD AIbTEPHATHBHOIO OTOIICHUS JUIS
notpeduTeneit. [IpoBeeHO YNCICHHOE MOAEINPOBAHUE TEIUIOBBIX MPOIIECCOB B 3JIEMEHTAX OJAHOCTYNEHYATON U
JBYXCTYNEHYAaTOH TEIIOHACOCHOH YCTaHOBKH, Ko3(duimeHToB mnpeobpa3oBaHMsl TEMIOTH, MOIIHOCTH,
MOTPeOIIEMON 3MEKTPONPUBOIOM Kommpeccopa. OmpeneneHsl yAeNbHBIC 3aTpaThl NMEPBUYHONH SHEPTUH |
MPOBEICHO YHCICHHOE MOJICINPOBAHUE TApaMETPOB IIMKJIOB IS IPEII0KEHHBIX CXEMHBIX pemeHunil. [Ipusenen
aHAJIM3 PE3YNBTATOB YHCICHHOTO MOACINPOBAHIS TETIOBBIX ITPOIIECCOB B AJIEMEHTAX TEINIOHACOCHON YCTAHOBKH.
OO0G0CHOBaHBI paIOHAIbHBIE CXEMATHUYECKHE M KOHCTPYKTHUBHBIE PEIICHUS MU PEXHUMbBI pabOThl CHUCTEMBI,
OGecneananmHe MOBBIIICHUC 3(b(1)eKTI/IBHOCTI/I aJ'IbTepHaTHBHOﬁ CUCTEMbI OTOIUVICHUA [JIA Pas3sIMYHbIX
KIIMMAaTHYCCKHUX yCJ'IOBHIZ. OHpeﬂeHeHI)I OCHOBHBIC IYTU NOBBIMICHUSA 3(1)(1)6KTI/IBHOCTI/I HU3KOIIOTCHIIUAJIBbHBIX
CHCTEM OTOIUICHHMsS 3a CUeT MWCIIOJIb30BaHUsI TEIUIOBBIX HACOCOB Ha 0a3e TIPYHTOBBIX Box. Pa3paboransbl
PEKOMEHAAIMU TTO MPAKTUYECKOMY HCIIOJb30BaHUIO aJ'IbTepHaTHBHOﬁ CHCTCMbI OTOIIJICHHSA B 3aBHUCUMOCTH OT
TEeMITepaTypbl HAPY )KHOTO BO3yXa. 3HAYUMOCTD HOIyYCHHBIX PE3yIbTaTOB COCTONT 0OOCHOBAaHHUM YCIIOBUIl, U
koTopeix B IOro-BocTtounsix permonax EBpombr menecooOpa3HO HCIONB30BaTh OJHOCTYNEHYATHIE |
IByxcTyneH4atsle cxembl THY Ha rpyHTOBBIX Bojzax. Hambonee 3HAUMMBIMH pe3yIbTaTaMH  SBISIOTCS
PEKOMEHAAINH 110 TIOBBIMECHNS 3P(PEKTUBHOCTH pabOTHI TEIJIOHACOCHBIX CHCTEM Ha TPYHTOBBIX BOJAX I
TermocHaOkeHns: norpedureneii B Oro-Bocrounsix pernonax EBponbl. PesynmbraTsl aHammsa MoryT OBITh
WCIIONIB30BaHbl A1 TPOEKTHPOBAHMS TEMJIOBBIX ceTed Ha 0a3e TEeIIOBBIX HACOCOB, HCIIOJIB3YIOMINX
HU3KOIMMOTCHIUAJIbHYIO OHEPIUI0 I'PYHTOBBIX BO.

Knrouesvie cnosa: s>ueprocoepexenue, 3pPeKTHBHOCTh, KOIGGUIMEHT TpaHCPOpPMALUH, TEIIOBOM Hacoc,
TPYHTOBBIE BOJBI, IPOMEKYTOUHBIN TEIIIO0OOMEHHHUK, IIEPEOXIIaAUTEINb, IEPBUYHAS SHEPTHSL.

I. INTRODUCTION cycle, the electrical energy is consumed for tran-
sition of the heat from a low-potential primary en-
Heat supply based on heat pumps (HP) is re-  ergy resource to the consumer at a high-potential
ferring to the problems of the energy saving tech-  level. Moreover, simultaneously, the thermal and
nologies and is found to be applied more exten-  power properties of the electrical energy are real-
sively nowadays. One way to improve the energy  ized, due to which saving of traditional primary
supply systems is the problem solution of transi-  resources is reached [4].
tion to the low-temperature heating systems based The aim of the study is to improve the effi-
on the heat pump installations (HPI). This signif-  ciency of the heat pump installations (HPI) based
icantly expands the resources of the heat supply  on the subsoil waters [5] for heating purposes at
systems, making them less dependable on the use  temperature of the ambient air of to=—18...8 °C
of the traditional primary energy resources (PER),  typical for the consumers of the South-East re-
which is of high priority in conditions of the re-  gions of Europe.
sources exhaustibility and their increasing cost [1, At present, the problem of energy saving can
2]. The use of the energy saving tools is crucial  be solved both by the thermal losses reduction and
for the innovation technical solutions aimed to  assimilation of the innovation technologies of
improve the quality, reliability and economical ef-  generating, distribution, regulation and consump-
ficiency of the systems of the alternative heat gen-  tion of the heat. One most efficient technology of
eration. For instance, the HPI application allows  the energy saving is the utilization of the heat
the use of the low-potential heat of the subsoil wa- ~ pumps (HP), due to their possibility to use a re-
ters, which is not of a real value for its direct use ~ newable energy for the alternative heat supply
in the heat supply systems [3]. In the heat pump  [6—11]. However, the works presented in litera-
ture, which describe the peculiarities of the use of
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the heating tools for the low-temperature water
heating, ventilation and heat water supply, are in-
sufficient [12—16]. The foreign researches [17—
20], lack the methods, which would describe the
alternative HPI and conditions of their practical
application in the heat supplying systems with dif-
ferent heating units for the environmental condi-
tions of the South-Eastern Europe. In [21, 22], the
effect on the replacement rate by the scheme-con-
struction solutions and operational modes of the
alternative heat-supply system is not considered.
Therefore, the issue of conditions of the efficient
use of the heat pump technologies needs a system-
atic approach.

Our work differs from those western papers
presented earlier in that this article analyzes the
efficiencies of various schemes of single-step and
multi-step HPIs using a low-potential heat sources
of subsoil waters for the heating systems with dif-
ferent heat supply units, which ensure the maxi-
mum replacement of the thermal load. This makes
it possible to perform a rational choice of the con-
ditions for the efficient operation of the heating
system in winter period at the outside temperature
of to=-18...8°C typical for the South-Eastern Eu-
rope. This reduces the consumption of the hydro-
carbon fuel in the structure of the heat balance of
the regions and ensures the substantial energy
saving and ecological effects in addition to those
economical.

The attention payed by the foreign works

[23—25] is insufficient, concerning the
justification of the choice of the scheme-
construction solutions in the alternative system of
the heat supply, taking into account the effect of
the basic elements of the system and the modes of
its operation on the HPI replacing possibilities on
the subsoil waters.
This work is aimed at the analysis of the energy
efficiency of the HPI different schematic solu-
tions with the low-potential heat sources in the
form of the subsoil waters for the heating systems
using different heating units (radiators and a
warm floor), which operate at the temperature of
the outside air of to = — 16...8 °C, typical for the
South-Eastern Europe.

Il. EXPERIMENTAL

The development of the main heat schemes of the
heat pump installations based on the subsoil wa-
ters is performed using the common methods of
analysis and generalization. The rational HPI
schemes for the purposes of the thermal supply for
the consumers of the South-Eastern Europe are
shown in Figs. 1—3 [26].
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The scheme of the installation of the alternative
heat supply using the low potential subsoil water
energy (Fig. 1) suggests the presence of the intake
well 1, equipped with a feed pump 3, which sup-
plies subsoil water into the evaporator HP 4,
where the heat is delivered to the cooling agent,
and then returns the subsoil water to the intake
well 2. In the evaporator, the HP working fluid
boils. The vapor formed in the evaporator, is ab-
sorbed by compressor 5; the vapor is compressed,
and temperature and pressure of the cooling agent
are increased. Then, the cooling agent enters the
HP condenser 6 that is cooled with water, the lat-
ter becomes a high potential source of heat for the
heating system 9, equipped by circulator 8. After
the vapor heat transmission, the cooling agent is
condensed, and in the liquid state it moves to ex-
pansion valve 7, where its temperature and pres-
sure drop, then it returns into the evaporator.
Figure 2 shows the HPI scheme with additional
intermediate heat exchanger 10, in which super-
cooling of the liquid cooling agent is combined
with a superheating of its vapor, which allows the
hot cooling agent after the condenser to heat the
cool cooling agent after the evaporator. This in-
creases the efficiency of operation of the present
installation due to the temperature increase in the
cooling agent at the compressor inlet.

Figure 3 shows the HPI scheme with heat ex-
changer-supercooler 11, which serves as the addi-
tional cooler for the high potential heat source.

The estimation of the replacing possibilities of
the HPI schemes under study (Figs 1—3) takes
place at a temperature of the outside air in winter
period of t, = —18 °C, which is typical for the
environmental conditions of the South-Eastern
Europe.

The low potential HPI source of energy is the
subsoil water in the temperature range of t,;; =
4..12°C.

The estimation of the efficiency of the HPI
application using the subsoil waters is performed
using the method for the mathematic modeling of
the HPI cycle with the use of the fundamental
equations of thermodynamics, applying common
dependences and expressions.

The CoolPack program was used during
realization of the mathematic model of the heat
pump cycle. For the analysis of the results of the
energy efficiency modeling indices of the HPI
schemes under consideration, the methods of [27]
were used, applying the CoolPack program in p,
h-diagram at the environment temperature of to =
—6°C (Fig. 4).
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1- intake well; 2— absorption well; 3— feed pump; 4 — evaporator; 5 — compressor; 6 — capacitor; 7 —throttle; 8
— circulation pump; 9 — heating system
Fig. 1. Scheme of HPP based on groundwater.
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1- intake well; 2— absorption well; 3— feed pump; 4 — evaporator; 5 — compressor; 6 — capacitor; 7 —throttle;
8 — circulation pump; 9 — heating system; 10 — intermediate heat exchanger
Fig. 2. Scheme of HPI based on groundwater with intermediate heat exchanger.
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1- intake well; 2— absorption well; 3— feed pump; 4 — evaporator; 5 — compressor; 6 — capacitor; 7 —throttle;
8 — circulation pump; 9 — heating system; 10 — intermediate heat exchanger; 11 — heat exchanger-supercooler

Fig. 3. Scheme of HPI based on groundwater with intermediate heat exchanger and subcooler
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O - HPI (Fig. 1); A — HPI (Fig. 2); ¢ — HPI (Fig. 3);
la — parameters of the refrigerant at the compressor inlet (Figs. 2, 3); 2a — parameters of the refrigerant at the
compressor outlet (Figs. 2, 3); 3a — after the condenser (Fig. 2); 3b — at the inlet to the intermediate heat ex-
changer (Fig. 3); 4 — parameters of the refrigerant at the inlet to the evaporator
Puc. 4. Cycles of different schemes of HPI based on ground energy (for R134a freon).

I11. PE3YJIBTATBI HCCIIEAOBAHUSA

Let us use the methods of the heat pump cycle
calculation [26] to analyze the energy efficiency
of the application of the HPI three schemes under
study (Figs. 1—3) for the South-Eastern Europe
in winter period (t, =-18°C) .

Freon evaporation temperature t,, which can be

used to determine enthalpy h, and pressure P, of
freon after the evaporator:

82

1:u = tn2 - Atu ' (1)

where 1, is the temperature of the low-potential

heat source, °C; and At, is the temperature
difference at the outlet from the evaporator, K.
Temperature of freon condensationt,, which can

be used to determine enthalpy h,; and pressure B,
of freon after the condenser is as follows:
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t =t,, —At, 2
where t, is the temperature of the high-potential
heat source at the outlet from the evaporator, °C;
and At — mepenan TemmnepaTyp Ha BBIXOJE W3

KoHJIeHcaTopa, K.
Adiabatic efficiency coefficient of the compressor
is the following:

17, =0,98(273+1,)/(273+t), (3
wheret, is the temperature of the outside air, °C.
Freon enthalpy after the compressor is as follows:
h=h+(hy—h)/n, @
where h,, is the freon enthalpy after the process

of the adiabatic compression, kJ/kg.
The condenser specific heat load is the following:

G =h, —hy, Kikg. (%)
The HPI specific heat load is:
Oy =Ny, kI/Kg. (6)

The work of compression in the compressor is as
follows:

|, =h,—h,, kilkg. @)

The specific energy, which is consumed by the
electric motor is the following:

W = Ik /(nem 'ne)’ kd/kg, (8)

where 77, is the electromechanical coefficient
of efficiency of the compressor; and 77, — KI1J]

SJICKTPOABUTATCIIA.
Coefficient of heat performance is:

H= th / Ik' (9)
Compression coefficient in the compressor is:
£=R/P,. (10)

Mass flow of freon:
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G, = th /th, kgls, (11)

where Q,, is the HPI heat load, kW.

Electrical energy consumption for the compressor
drive:

N=W.G,, kw. (12)
Specific consumption of the primary energy:
PER =1/ (1 1.  Mew *Mper * 10),  (13)

where 77, is the installation coefficient of efficiency;
and 77, is the coefficient of efficiency of the

electrical energy supply system.
For the HPI schemes (Figs. 2—4), the cooling agent

temperature at the inlet into compressor t, :
t, =t - Atpt, (14)
where Atpt is the temperature of the vapor superheat

in the intercooler.
Cooling agent enthalpy after the compressor:

h2:hla+(h2a_h1a)/77a' (15)
The cooling agent enthalpy at the inlet into the
intercooler (Figs. 3, 4):

h3b:h3_(hla_h1)' (16)
The work of compression in the compressor:
|k = h2 - hla , kJ/kg. a7

For the HPI scheme (Fig. 3), the cooling agent
temperature after the condenser:

Cpa -t +C, (At, +1,,)

,  (18)

t3a
/
Cp3 +Cy

where cgs is the freon heat capacity after the

condenser, kl/(kg-K); C, is the heat capacity of

water, kJ/(kg-K); t,, is the temperature of the

high-potential source of heat at the inlet into the
evaporator.
The specific heat load of the super cooler
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Up =Py —hg,,  Kkl/kg. (19)
The HPI specific heat load:
Ohp =Gk — 0o + kI/K. (20)

To calculate the energy efficiency of the HPI schemes
(Figs. 1—3) the following basic data were used:

t., =20°C is the temperature of the low-potential
source of heat at the inlet of the HPI evaporator;

t,, =10°C is the temperature of the low potential
source of heat at the outlet of the HPI evaporator;

At = At, = At, =5K is the difference in temper-

atures at the outlet from the heat exchanges;
At =20 K is the temperature of the vapor superheat
in the intercooler;

7, =0,85 is the electric motor coefficient of effi-
ciency;

My =0,95 is the compressor electromechanical
coefficient of efficiency;

e = 0,4 is the thermal power plant coefficient of
efficiency;

Meer = 0,95 s the energy supply systems coefficient

of efficiency.
Figures 5, 6 show the graphs of temperature change of

the high potential source of heat at the inlet t, and

outlet th of the heating system and the graphs of

change in the HPI heat load, correspondingly. For a
50-floor building with 60 apartments, with the outside
air temperature change in the range of

t, =-18...8°C, using sectional heating appliances

(radiators), the heat load of the heat supply is
th =502 kW.

tw,°C
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twi
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551 T te
\
45
ssl 1,°C
-20 -16 -11 -6 -1 4 8

t,,— inlet temperature; t, — outlet temperature;

to — outdoor temperature
Fig. 5. Changing of the temperature of the high-
potential heat source in inlet and outlet of the
heating system.
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Fig. 9. Changing of specific consumption of the
primary energy.

In order to determine the advisability of a two-
stage HPI on the subsoil waters for the consumers
of the South-Eastern Europe we shall analyze the
conditions of its application for the efficiency in-
crease in the system of the alternative heat supply.

In a two-stage heat pump installation (Fig.10),
the water from the heating system 9 is supplied by
pump 8 for heating into the HP condensers (6, 7)
mounted in series along the system water. In the
HP condensers there are two separate zones for
cooling the superheated vapor and condensation.
The counterflow scheme of motion of the working
carrier of the cycle and the heating water, in-
creases the water temperature at the condenser
outlet and decreases the energy losses. In conden-
ser 7 of the first stage, the water is heated from

temperature t,, to certain intermediate tempera-

ture t . After that, the water moves to condenser 6
of the second stage, where it is heated to temperature
t,,. The low potential heat of the subsoil waters is
transferred to the evaporator 3 to the boiling HP work-
ing medium, whose vapors at a pressure of P0 move
into compressor 1 of the low stage, where they are

compressed up to Ppr , after which, the waters are di-

vided into two flows. The first flow shifts into conden-
ser 7, where it is condensed in the process of the heat
delivery to the heated water. The second flow travels
to compressor 2 of the upper stage, where it is com-
pressed up to P, pressure and then it moves into con-
denser 6, where the water is heated up to temperature
from t, to t,,. Afterthat, the condensate of the work-
ing media via throttle valve 5 moves to condenser 7,
and a total condensate flow shifts to evaporator 3 from
condenser 7 via throttle valve 4.

Let us use methods of [26] to evaluate the possibilities
of covering the heat load of heating by the two-stage
HPI based on the subsoil waters, whose temperature is

t, =4..12°C , with temperature of the outside air
t,=—18°C typical to the South-Eastern Europe
winter season.

The intermediate pressure of compression is as follows:

Ppr = (Pu : Pk )0’5 . (21)
During the calculation of the two-stage HPI (Fig.
6), the freon consumption in the circuits of low G

f.low

and high G, ;,, pressure is determined from the en-
ergy balance:
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Gf.low(h4 _hg) = Gf.high (h4 _hs)v (22)

where h,,h;,h, is the enthalpy at the working points
(4, 8, 9) of the HP cycle, kl/kg.

The ratio of the working media consumption in the cir-
cuit of low pressure G to the consumption in the

f.low

circuit of high pressure Gy, is:

= ()1 (h—h) =1/ (1+0). (22)

where & is the share of freon vapors from the
condenser of the first stage with regard to the vapors of
the first stage of the compressor.

The enthalpy of freon vapors that shift to the second
stage of the high pressure compressor is as follows:

h,=(h, +5-h,)/@+3), kikg, (24)
where h2 is the enthalpy of Freon after the first stage

of the compressor, kJ/kg.
The freon consumption in the high circuit pressure is:

Gf.high = th /(hs + h7), kg/s (25)

where h5 is the enthalpy of freon after the second
stage of the compressor, kJ/kg. Freon consumption

in the low pressure circuit is:

G (26)

f.low

=G g / (1+6), kals

The consumption of the mechanic energy for the
drive of the compressor of two stages, kW:

Nm :Gf.high (hs _ha)+Gf.|ow(h2 _hl) (27)

The electric energy consumption for the
compressor drive is:
N =N, /7., KW (28)
The coefficient of heat performance:
u=Q, IN. (29)

The research of the energy efficiency for the use
of the HPI two-stage schemes is performed for the
cycles with the application of ecologically safe
R134a, R152a, R290 freon.

The calculation cycle of the HPI two-stage
scheme is built in p, h-diagram for the working
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medium R152a and environmental temperature of
to = — 6 °C using the CoolPack program [26].

For the analysis of the energy efficiency of the
application for the consumers of the South-
Eastern Europe of the schemes under
consideration of the single-stage HPI (Figs. 1—3)
and the two-stage HPI (Fig. 10), at other
conditions being equal, the following results were
obtained (Table 1, Figs. 5, 6).

The calculation results listed in Table 1 show that
using the two-stage HPI reduces the consumption
of the electric energy for the compressors’ drive
and the coefficient of heat performance increases.
Therefore, the use of the two-stage HPI allows in-
creasing the amount of the generated heat at a sim-
ilar consumption of the electric energy compared
to the single-stage HPI.

<3
~t

1, 2 — compressor of the first and second stages, respectively; 3 — evaporator; 4, 5 — throttle valve; 6, 7 —
capacitor of the second and first stages, respectively; 8 — pump; 9 — heating system
Fig. 10. Scheme of two-stage HPI.
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1 — parameters of the refrigerant at the inlet to the compressor of the first stage; 2 — parameters of the
refrigerant at the outlet of compressor of the second stage; 3 — parameters of the refrigerant at the inlet to
evaporator; 4, 5 — parameters of the refrigerant after throttle valves, respectively; 6, 7 — parameters of the

refrigerant after condensers of the second and first stages, respectively; 10 — parameters of the refrigerant at the

inlet to the evaporator
Fig. 11. Cycle of two-stage HPI based on ground energy (freon R152a).
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Table 1.

HPI indices of energy efficiency

o Electric energy consumption for the Coefficient of heat performance
Ly, C compressor drive, N, kw ju
Single-stage Two-stage Single-stage Two-stage
10 221,2 174,7 2,4 2,8
14 208,7 168,9 2,5 2,9
18 195,7 1554 2,7 33
22 183,2 149,4 2,9 3,4
26 170,7 137,1 31 3,7

IV. RESULTS AND DISCUSSION

The analysis of the energy efficiency of the
application of the HPI schemes under study for
the South-Eastern Europe during the winter
period of the year, shows that the heat pump
heating system (Fig. 1) is advisable to be used,
when the subsoil water temperature is t, =20°C

at the inlet to the evaporator in the south regions
of Europe, where temperature of the outside air is

up to t, =-5,5°C. The heat supply systems with

the intermediate heat exchanger (Fig. 2) is
recommended to be also used in the south regions
of Europe at the outside air temperatures lower
than t, =—6,5°C. The heat supply systems with an

additional supercooler is suggested to be applied
in the South-Eastern Europe at the outside air
temperatures no lower than t, =-10°C .

The analysis of the calculation results of the
energy efficiency of the alternative systems of
heat supply show that the less the temperature
difference between the low potential heat source
and that of high potential, the more efficient the
HPI.

From the viewpoint of energy, the heat supply
using HPI is more profitable compared to burning
the nature fuel used for the electricity production
provided that the specific consumption of the
primary energy is PER <1.

The analysis of the dependences shows that the
higher the environmental temperature, the less the
requirements for temperature the heat carrier
supplied to the heating system. This results in an
increase in temperature difference of the low
potential source of heat of the subsoil waters and
high potential source heat of the heating system.
With an increase in the outside air temperature,
the specific energy W consumed by the electric
motor is decreased intensively, which attests to a

decrease in the work of compression |, of the
compressor, while the coefficient of heat
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performance x grows, which allows us to infer a
more efficient operation of the system.

V. CONCLUSIONS
The study performed allowed us to establish
the validity of the use of the HPI single-stage
schemes for the South-Eastern regions of Europe
at the temperatures of the environmental air up to
t, =—10°C . At other conditions being equal, the

most perspective is the system of the HPI heat
supply with an intermediate heat exchanger and
additional super cooler, which is supported by
such main indices of the energy efficiency as the
specific energy that is consumed by the electric
motor, coefficient of heat performance and
specific consumption of primary energy.

In the Eastern regions of Europe with a more
severe climate at the outside air temperatures
lower than t, =-10°C, it is advisable to use as a

low potential source of heat the subsoil waters in
the temperature range of higher than 20 °C.

If in the heat pump systems, the temperature range
between the low potential source of heat and the
heat carrier of the heat supply system is fairly high,
the heating load cannot be ensured entirely. In this
case, it is reasonable to apply the two-stage HPI
based on the subsoil waters, in which due to a
lesser consumption of the electric energy for the
compressor drive, it is possible to increase the
coefficient of heat performance. The application
of the two-stage HPI allows a greater heat amount
to be generated for the heat supply system at the
same level of the electric energy consumption.

It is particularly urgent at a maximum heating
load in a winter period, when the environmental
temperature is the lowest. The two-stage HPI
make it possible to decrease the annual average
consumption of the energy, which is the
advantage compared to the single-stage HPI.
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