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ABSTRACT: This article analyzes the methodology of calculation of the thermodynamic cycle of
a vapor compression heat pump installation with a subcooler for heating and hot water supply. As
a result of this, the temperature change in the heat pump was analyzed and the process of hot
exchange in the device was calculated. As a result of the research, the hotline change coefficient
of the device was obtained.
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INTRODUCTION

The thermal calculation of the heat pump plant schematic diagram consists in compiling the heat
balances of all equipment, on the basis of which the heat loads of heat exchangers or heat carrier
flow rates, inlet and outlet temperatures of refrigerants, heat carriers are established.The
thermodynamic perfection of a heat pump installation depends on the values of the absolute
temperatures of the evaporator and condenser, as well as the thermodynamic characteristics of the
actual cycle of the heat pump. In turn, the perfection of the real cycle is determined by the
irreversibility of the process of heat transfer and the temperature difference between its source and
heat sink.

Thus, the main task in calculating the circuit diagram of a heat pump installation is to take into
account all these factors that affect the heat conversion coefficient of the heat pump.
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Figure - Schematic diagram of a vapor compression heat pump installation with a precooler

When calculating the schematic diagram of a heat pump installation, the following sequence was
drawn up:

1. Drawing up a schematic diagram of a heat pump installation. Systems of air and water heating,
ventilation and air conditioning with heat pumps, as a rule, have three circuits: internal circuit - a
closed circuit of the working fluid; external or primary circuit - the circuit of the NPT carrier;
heating circuit - the circuit of the heat carrier of the heat consumer.
2. Choice of the working agent for the heat pump. The selection of the refrigerant is based on the
temperature and pressure in the cycle. The best is the refrigerant, the critical region of which is
farthest from the operating parameters, since approaching this region reduces the heat output and
increases the energy consumption for compression in the compressor.
3. The main parameters of the thermodynamic cycle of the heat pump are determined. The
evaporation temperature of the working fluid is taken depending on the temperature of the low-
potential heat source. It should be 4-5 °C below the source temperature low-grade heat:

t; =ty = tynr — Aty

where is the temperature of the source of low-potential heat, °C;typ
At,, - temperature head of the evaporator, °C;
Based on the obtained evaporation temperature, we determine the parameters:

Py =B, = f(t1); hy = hy = f(t1); 51 = f(t).

43
@ECRTD-UK- https://www.eajournals.org/



https://www.eajournals.org/

International Journal of Energy and Environmental Research
Vol.10, No.1, pp., 42-46, 2022

ISSN -2055-0197(Print),

ISSN 2055-0200(Online)

The condensation temperature is taken depending on the temperature of the low-potential heat
source. If the coolant is water, then it is 3-5°C higher than the HCV temperature, and if air, then
by 5...10°C.

t; = tyx = tye + Aty

where is the temperature of the direct network, °C;t,.

At, - temperature difference of the condenser, °C;

According to the condensation temperature on the left boundary curve at point “3”, we determine
the parameters:P; = f(t,); hs = f(to).

We determine the enthalpy at the end of adiabatic compression:h,, = f(Ps; s1).

Real entropy at point "2":h, = h; — % Point "2" is determined by the value of the actual

2a

enthalpy at the end of the compression process and the condensation pressure of the working fluid.
In the HPI scheme with a subcooler, it is necessary to determine the parameters of the working
fluid after the subcooler (point "3*"). According to the given temperature difference in the
subcooler at the outlet of it, the following condition must be met: At

Aty =tz —tge,
where is the temperature of the refrigerant after the precooler, °C;t;-
tz2- coolant temperature after the precooler, °C.
The heat balance of the subcooler has the following form:

Cp3(t1< — t3+) = cp(tpz — tp1),
where is the heat capacity of the refrigerant at points "3", the heat capacity of waterc,s, cg
respectively, kJ/kg K;
t.- condensation temperature,°C;
ts+- temperature of the refrigerant after the pre-cooler,°C;
tg2 - coolant temperature after precooler,°C;
tz1- coolant temperature at the subcooler inlet,°C.
The temperature of the working fluid after the subcooler is determined in the following way:

[ = Cp3 " b + cg(Atye —tg1)
3 Cp3 + Cp '

where is the heat capacity of the refrigerant at points 3", the heat capacity of water, respectively,
kJ /' kgK;cy3, cp

At - temperature head of the subcooler,°C;

t.- condensation temperature,°C;

tz1- coolant temperature at the subcooler inlet,°C.

Enthalpy of the working fluid after the subcooler:h;« = f(t3+; Fy).

Enthalpy at the inlet to the evaporator:h, = h-

1. Thermal balance of the condenser:

Gyp ° (hEJXI.KOH - hgglx,}cm—[) = Gy * Cp ' (tnc — toc ) = Qrn ,
where - the consumption of freon and network water, respectively, kg / s;G,,; Ges
hix xors Pitix ko~ freon enthalpy at the inlet and outlet of the condenser, respectively, ki/kg;
C,- heat capacity of water, kJ/kgK;
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toe ; toc - temperature of the direct and return networks, °C;
Qry - thermal power of the heat pump, kW.
1.1  Finding the refrigerant flow:

Qrn
GXJI

- XJI _ hxa
(h'BX.KOH h’BbIX,KOH)

)

where is the enthalpy of freon at the inlet and outlet of the condenser, respectively, kJ /

kg7h§§(IKOH’ hgﬁIX,KOH
Qry - thermal power of the heat pump, kW.
1.2 Find the consumption of network water:

Qrn
GCB =

Cp ' (tnc — toc )

)

C,- heat capacity of water, kJ/kgK;

tne 5 toc - temperature of the direct and return networks, °C;
Qry - thermal power of the heat pump, kW.

2. Heat balance of the subcooler:

Gxn ) (h}ég.ne - hgglx,ne) = GCB ’ Cp ' (tnc — toc ) = QTH ’
where - the consumption of freon and network water, respectively, kg / s;G,,; Ges
hixnes Pitixne- freon enthalpy at the inlet and outlet of the subcooler
respectively, kJ/kg;

C,- heat capacity of water, kJ/kgK;

tne 5 toc - temperature of the direct and return networks, °C;
Qry - thermal power of the heat pump, kW.

2.1  Finding the refrigerant flow:

Gxn — QTH

(h}B(Q.ne - h)B(ﬂlx,ne)
2.2 Total refrigerant consumption: Gy, o6y = Gxnrec T Gxnont
3. Heat balance of the evaporator:

Gxn ) (h}éjb]IX.I/I - h)lg(ln) = Gypy * Cp - At,
where is the flow rate of freon and the flow rate of the source of low-grade heatG,; G,
respectively, kg/s;
h¥ . had, - freon enthalpy at the inlet and outlet of the evaporator, respectively, kJ/kg;
C,- heat capacity of water, kJ/kgK;
At- temperature head of the evaporator,, °C;
3.1 Find the flow rate of the coolant low-grade heat:

_ Gxn ) (h’)églx.l/l - higﬂ.np.pacm)
HOU — Cp . At 4

whereG,, - freon consumption, kg/s;
hitxn » Rconnp.pacur~ fréon enthalpy at the outlet of the evaporator and at the end
expansion process, respectively, kJ/kg;
C,- heat capacity of water, kJ/kgK;
At- temperature head of the evaporator,, °C;
4. Electric power spent on the compressor drive:

)
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. (hX1 _ pXn
K _ GoGLu (hBX.KOH thIX.l/I
NE = :
Noi

whereG,g,, - total freon consumption, kg/s;
h¥ on » B2 - freon enthalpy at the outlet of the evaporator and at the end of the expansion
process, respectively, kJ/kg;
1,i- indicator efficiency of the compressor.
5. Heat conversion coefficient:
_ Qrn
=Nr
where is the thermal power of the heat pump, KW.Qry
NX- Electric power spent on the compressor drive, KW.
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