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Abstract

In the present investigation, the impact of various refrigerants on the efficiency of the geothermal heat pump operation is
investigated. Appropriate working range of five HFC refrigerants such as R125, R134A, R404A, R407C, and R507A for
using a geothermal heat pump is studied. Also, the energy and exergy analysis is used to investigate the influence of varying
temperatures of the exhaust fluid from the geothermal source on heat pump operation. The critical parameters, such as coef-
ficient of performance (COP), exergy efficiency, and exergy destruction for various components, are calculated. The results
show that, in the geothermal heat pump cycle, R134A and R125 refrigerants have the highest and lowest COP and exergy
efficiency, respectively. Moreover, enhancing the temperature of the exhaust fluid from the geothermal source results in an
enhancement of the COP. For the mentioned refrigerants, the exergy destruction due to the compressor, as the primary energy-
consuming equipment, is obtained between 26.7 and 27.3% range relative due to the overall system. The outcomes achieved
in present research may provide the instructions for the design and optimization of efficient geothermal heat pump systems.

Keywords Geothermal heat pump - Refrigerants - Coefficient of performance (COP) - Exergy efficiency - Exergy
destruction
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HFC  Hydrofluorocarbons
ODP  Ozone depletion potential

Introduction

As the world’s population grows fast, and the pattern of life
changes, the consumption of fossil fuels gradually increases.
Using fossil fuels causes some problems, including envi-
ronmental pollution and depletion of limited resources
[1, 2]. Therefore, renewable resources such as geothermal
energy are already expanding, because they are environ-
ment friendly as well as spontaneously refresh in a natural
process.

The heat pumps are technologies that can use renewable
sources and utilize the thermal energy of various sources at
relatively high temperatures to be used in the process of air
conditioning for different sectors. Because heat pumps could
work with low-temperature energy sources such as solar
energy, waste heat from industries, and low-temperature
geothermal energy, these energies could be used in the heat
pump cycle. Recently, the examination of the heat pump with
a relatively low-temperature source focused on the choice of
suitable operating fluid based on the typical temperature of
the heat pump cycle equipment [3—10]. The energy analysis
is employed to evaluate the use of low-temperature source

Fig.1 Schematic of a geo-
thermal heat pump in heating

in heat pumps. It is found that the coefficient of perfor-
mance (COP) of the geothermal heat pump is higher than
the air-source heat pump [11]. In another study, Lee et al.
[12] determined the location of the optimum borehole of the
geothermal heat pump. Their results show that smaller bore-
hole separation and higher groundwater flow cause thermal
efficiency improvement.

Refrigerants play a vital role in the heat pump perfor-
mance regarding the thermodynamic properties. Some
properties such as compatibility, safety, stability, availabil-
ity of refrigerant, cost, and environmental influences are
attention for these systems. Common refrigerants used in
the heat pump cycles are usually between the two primary
refrigerants of the halocarbons and hydrocarbons. Due to
the environmental effects, using some refrigerants, espe-
cially chlorofluorocarbons (CFCs) and hydrochlorofluoro-
carbons (HCFCs), is limited for their use. The Montreal
Protocol to protect the environment seriously emphasizes
the issue of reducing the consumption and production of
CFCs and HCFCs. [13]. Some articles [14—17] carried out
experimental researches on many pure and mixtures of
fluorinated fluids. Wang [18] studied the usage outlook of
natural working fluids in China. Also, based on these stud-
ies, the development of the compressor in the heat pump
system is studied. Hydrocarbons are also considered to be
fine CFCs substitutes [19]. Some investigations [20-22]
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conducted on the compression refrigeration cycle with
working fluid. They explored that the essential parameters
can be controlled by changing the speed of compressor
rotation. Some hydrocarbons have high cycle performance,
but their use is limited due to their explosiveness.

Many refrigerants in HFCs group, such as R125, R134a,
R404A, R407C, R410A, R422A, R422B, R422C, R422D,
and R507A, are good choices to replace CFCs, because
they neither contain chlorine and bromine nor deplete the
ozone layer (ODP =0) [23]. Based on this, various studies
performed energy analysis to replace hydrochlorofluoro-
carbons (HCFC) as R22 refrigerant [24-31]; however,
exergy analysis is instrumental in improving the engineer-
ing systems [32, 33].

The heat pump cycle saves energy and is very efficient
in recycling heat. However, when these systems are used
to supply heat under conditions such as high-temperature
supply and the high-pressure ratio between condensation
pressure and evaporation pressure, the efficiency of these
cycles is reduced. Therefore, many studies have been done
to prevent COP depletion in heat pump systems [34-42].
Also, in these systems, the high-temperature difference
between the supply water and the operating fluid in the
condenser causes plenty of irreversible losses in the heat
transfer process. Many kinds of research are performed to
increase the performance of high-temperature heat pumps
[43-47].

In the present research, a simulation of a geothermal
heat pump sample is performed. In addition to the use
of various HFC refrigerants’ impact on the performance
cycle, the effect of different temperatures of the exhaust
fluid from the geothermal source is investigated. Also, the
impact of changes in the isentropic efficiency of the com-
pressor in the COP and exergy efficiency of the geothermal
heat pump cycle is carried out. A thermodynamic model
based on mass, energy, and exergy balance is developed to
calculate the variation in the COP, exergy efficiency, and
exergy destruction for geothermal heat pump cycle equip-
ment. The analysis is done to improve the coefficient of
operation of the geothermal heat pump cycle and select the
best refrigerant according to those five refrigerant operat-
ing conditions.

Configuration of a geothermal heat pump
cycle

In Fig. 1, the schematic of a geothermal heat pump is
observed in the heating process. This cycle includes three
primary parts: the ground heat source circuit, the refriger-
ant circuit, and the output heat circuit. The main compo-
nents of this cycle are geothermal exchangers, evaporators,
compressors, condensers, expansion valves, accumulation
tank, output heat panels, and three pumps. A 500-L storage
tank is used in this cycle, which is insulated to prevent heat
losses. This accumulation tank is consistently providing the
required heating load. Heat output panels are considered as a
heat exchanger that has the duty of distributing energy in the
building. In the ground heat circuit, the heat is transmitted
between the soil and the geothermal exchangers (QG). The
output fluid of accumulation tank is transferred to various
places through the output panels (Qp). The studied case is
proposed to use in a residential building with a 5.7 kW heat
load.

Some characteristics of HFC refrigerants used in this
study are given in Table 1. As evident, different groups of
HFECs, including pure refrigerants (R125 and R134A), zeo-
tropic mixtures (R404A and R407C), and azeotropic mix-
tures (R507A), are selected.

As shown, although some HFCs have high GWPs due to
the higher COP factor and lower CO, emissions caused by
energy consumption, the use of these refrigerants is common
in the heat pumps. Besides, in many places around the world,
recycling and reclamation of these refrigerants are counseled
to decrease its direct global warming influence [23].

Thermodynamic model

Some assumptions are made for thermodynamic analysis of
the heat pump system as follows:

e The investigated system is in steady-state conditions.

e The compressor isentropic efficiency is constant, and the
compression process in compressors is considered as adi-
abatic.

Table 1 Some characteristics of

. Type Fluid GWP 09 vears ODbP Critical temp./°C Critical pressure  Atmospheric
HFC refrigerants /Kgeq COZkg‘1 (absolute)/kPa lifetime/years
HFC R125 3500 0 66.18 3629 29
HFC R134A 1430 0 101.06 4059 14
HFC R404A 3922 0 72.14 3735 40.36
HFC R407C 1774 0 86.05 4634 15.657
HFC R507A 3985 0 70.74 3715 40.5
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e The throttling processes in throttling valves are consid-
ered as isenthalpic.

e The pressure drop and heat loss of refrigerant in the cycle
are neglected, and heat transfer processes in evaporator
and condenser are constant pressure process.

e The kinetic and potential energy variations are neglected.

The thermodynamic model is obtained according to the
conservation principle of mass, energy, and exergy of the
main components of the heat pump cycle.

The detailed formulations about energy analysis of the
case study with the mentioned assumptions are presented
as Egs. (1), (2), and (3):

Ein - Eout = AEsystem (D
minhin = mouthout (2)
Qin + Win + minhin = Qoul + Wout + mouthoul (3)

In Egs. (4), (5) and (6), (Qg) and (Qp) indicate the heat
transfer to the underground heat exchanger and the required
heating load, respectively. Also, (W,,,,) and (W, ) are con-
suming work of the compressor and pumps, respectively.

For all heating processes based on Fig. 1, energy conser-
vation is written as below:

E, =0+ Wcomp + Wpy + Wy + Wps (€]
Eout = QP + Qloss (5)
QP + Qloss = QG + Wcomp + WP] + WP2 + WP3 (6)

The coefficient of efficiency of the system in the heating
process based on Fig. 1 is calculated by Eq. (7).

Op
Weoomn + Wpp + Wpy + Wiy

comp

COPheating = (7)

Exergy is the maximum useful work that can be obtained
from the energy. Exergy analysis is a method that evalu-
ates the thermodynamic performance of different systems
based on the second law of thermodynamics. The equation
of exergy balance can be defined as Eq. (8).

Exin - Exout = Exdesl (®

Therefore, using Eq. (9), the exergy balance in general
mode is introduced as Eq. (10).

v = (h—hy) = To(s — sp) ®

@ Springer
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Qa<1 - F()) -W+ 15, Win = Moy Wou = Exdest (10
a

where W is the work rate and Q, is the heat transfer rate
at temperature 7, at the location a. The reference tempera-
ture of the environment is (7})) and the exergy destruction
is (Exge)-

Specific exergy in an open system (y) of a flowing fluid
is illustrated as follows:

For the analyzed system, general exergy balance based
on Fig. 1 is defined by Eq. (11):

. T, , : . . 4 T\ .
O\ 1= )+ Weomp + Wpy + Wpy + Wp3 — Op| 1 — = | = Exgey
T, Tp
1D
For general examples that do not produce or consume

work, the exergy efficiency is expressed as Eq. (12) [23]:

Exergy recovered
nExergy =

Exergy supplied 2)

The exergy efficiency for this system based on Fig. 1 is
expressed by Eq. (13):
: T
0r(1- )
nExergy = .

Weaump + Wor + Wog + Wes + O

Ty

comp Tg

For the thermodynamic analysis, the equations illus-
trated in Table 2 are used for the equipment of the investi-
gated cycle in the heating process based on Fig. 1.

Model validation

To validate the mathematical method in this study, the
results of the numerical method are compared with avail-
able experimental results [48]. The specifications of the
input variables for validation are presented in Table 3.
Also, the COP of the heat pump is computed for R410A
refrigerant in comparison with the experimental data
found in Ref. [48]. The COP obtained from the experimen-
tal data is 4.23, and, with our calculation, it is 4.07. The
relative errors between the experimental outcomes and our
simulations are about 3.93%. Also, the experimental tem-
perature of different points of Ref. [48] cycle and COP and
energy consumption of the compressor is compared with
the calculation program and presented in Tables 4 and 5.
As shown in this table, there is good accordance between
the numerical and experimental results.
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Table 2 Energy and exergy

Energy balance

Exergy balance

/ . Equipment
balance of equipment in the
heating process Compressor
Condenser
Evaporator

Expansion valve

Pump 1

Pump 2

Pump 3

Underground heat exchanger
Accumulation tank

Output panels

E + WComp =E, + Qloss.Comp
Ey + Ey = Ey + Ey + Qjogs cona
Ey+ Es = E, + Eg + Oio55va
Ey=E,

Eg+ Wy = E; + Ejgyspy

Eg+ Wy = Eg + By

Epy+ Wps = Epy + Ejgyops

O +E; = Es+ Q556
Eig+Ejy = Eg + Ejy + Qoo ar
Epp = Epy+ 0p + Qogep

Ex; + WCOmp = Fx, + Exdesl.c(,mp
Exy + Exg = Ex; + Ex; + Exgey cona
Exy + Exs = Ex; + Exg + Exgoy poa
Exy = Exy + EXigg yaiye

Exg + Wpy = Exy + Exgoyp

Exg + Wpy = Exg + Exgeq

Exyy + Wpy = Exyy + Exgoqp3

Exg + Ex; = Exg + Exgoq g

Exjo+ Ex3 = Exg + Ex;| + Exgeq ar
Ex), = Ex|3 + Exp + Exgoyp

Table 3 Specifications of the cycle in Ref. [48]

Name of the measured parameter Nominal value Unit
Condenser outlet temperature (gas) 28.37 °C
Evaporator inlet temperature (gas) -0.14 °C
Mass flow rate (R410A) 0.035 kgs™!
Heating capacity 6.7 kW

Table 4 Some comparison of temperature points of the cycle of cal-
culation program with Ref. [48]

Flow number Present study 7/K Ref. [48] T/K Error/%
1 288.6 281.12 2.66
2 344.6 336.31 2.46
3 305.8 301.52 1.42
4 273 273.01 0.04
5 280.6 280.63 0.01
6 277 277.04 0.01
7 277 277.09 0.03
8 302.8 302.8 0

9 302.9 302.85 0.02
10 305.9 305.81 0.03
11 303.7 303.75 0.02
12 303.7 303.85 0.05
13 297.9 297.92 0.007

Table 5 Comparison of COP and energy consumption of the com-
pressor with Ref. [48]

Parameter Present study Ref. [48] Error/%
COoP 4.07 4.24 4.01
Power consumption of ~ 1.33 1.27 4.72

compressor (kW)
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Fig.2 Change of the compressor work for various refrigerants with
the outlet temperature of the geothermal source

Results and discussions

In this investigation, the heat pump is studied concerning
the cooling capacity of 5.7 kW with condenser tempera-
ture of 303.15 K and evaporator temperature of 272.15 K.
Based on this, the influence of different HFC refrigerants
is investigated on the performance of the geothermal heat
pump. The first and second laws of thermodynamic equa-
tions are solved to study the effect of varying temperature
of the exhaust fluid from the geothermal source on the
geothermal heat pump operation.

According to Fig. 2, the work of compressor with the
temperature of the exhaust fluid from the geothermal
source for R125, R134A, R404A, R407C, and R507A
refrigerants is plotted. As shown in Fig. 2, R125 refriger-
ant has a higher function of the compressor. Also, R134A
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and R407C refrigerants have lower compressor work,
respectively. R507A and R404A refrigerants also have
moderate compressor work. It is also observed that, with
the increment of the temperature of the exhaust fluid from
the geothermal source, the compressor work is accord-
ingly augmented. The rate of change in the compressor
work with the temperature of the exhaust fluid from the
geothermal source is higher for R407C, R134A, R404A,
R507A, and R125 refrigerants, respectively.

4.6
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Fig.3 Change of COP for various refrigerants with the outlet temper-
ature of the geothermal source
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According to Fig. 3, the heat pump cycles using R4134A
and R125 refrigerants have the highest and lowest COP
among the compared refrigerants based on Eq. (7). Due to
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Fig.5 Comparison of exergy destruction due to the equipment in the
studied cycle for different refrigerants
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(e) Exergy destruction due to the equipment in the studied
cycle with R507A refrigerant.

Fig.5 (continued)

the increasing temperature of exhaust fluid from the geother-
mal source, the heat output from the panel increases more
than the work of the compressor, thus expanding the COP.
Also, as illustrated, increasing the temperature of exhaust
fluid from the geothermal source enhances the COP of the
cycle for all the refrigerants. Increasing the temperature
of the exhaust fluid from the geothermal source for R125,
R507A, and R404A, respectively, is more effective than the
other refrigerants, and the slope of COP of these refrigerants
is higher. R407C and R134A refrigerants show the slightest
variation with an enhancement in the exhaust fluid tempera-
ture from the geothermal source.

As shown in Fig. 4, the impact of changes on the isen-
tropic efficiency of the compressor on the COP is inves-
tigated. It is observed that the isentropic efficiency of the
compressor has a direct effect on all the refrigerants. Increas-
ing isentropic efficiency reduces the work of the compressor
and enhances the COP based on Eq. 7. The enhancement

of the COP is not the same as different refrigerants with
an isentropic efficiency of the compressor, and R125 and
R507A refrigerants have the lowest variations, respectively;
R134A and R407C refrigerants, respectively, have the most
significant changes in terms of this parameter.

In Fig. 5, the exergy destruction of the heat pump equip-
ment is plotted for different HFC refrigerants. Based on
Eq. (10), R125 and R134A have the highest and lowest
exergy destruction in the heat pump cycle. On the other
hand, among the heat pump equipment, the compressor has
the most top exergy destruction. Also, R125 refrigerant has
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Fig.6 Comparison of exergy destruction due to the compressor for
different refrigerants with the outlet temperature of the geothermal
source
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Fig.7 Comparison of exergy destruction due to the evaporator for
different refrigerants with the outlet temperature of the geothermal
source
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ferent refrigerants with the outlet temperature of geothermal source

the highest exergy destruction due to the compressor, and
its value is 0.2921 kW.

In Fig. 6, the exergy destruction due to the compressor
with the temperature of the exhaust fluid from the geother-
mal source is observed for various refrigerants. R125 refrig-
erant has the most exergy destruction due to the compressor,
and, in contrast to R134A, the exergy destruction due to the
compressor is approximately equal to the smallest amount
of this parameter among the comparative refrigerants in the
heat pump cycle. R134A refrigerants have the least exergy
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Fig.9 Comparison of exergy destruction due to the accumulator tank
for different refrigerants with the outlet temperature of the geothermal
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Fig. 10 Comparison of exergy destruction due to the whole system
for different refrigerants with the outlet temperature of the geothermal
source

destruction due to the compressor changes with the tempera-
ture of the exhaust fluid from the geothermal source.

The exergy destruction due to the evaporator with the
temperature of the exhaust fluid from the geothermal source
for various refrigerants is presented in Fig. 7. R407C refrig-
erant has the most exergy destruction due to the evaporator
among the comparable refrigerants in the heat pump cycle.
R507A refrigerant has the highest variations of exergy
destruction of the evaporator with the temperature of the
exhaust fluid from the geothermal source, among other
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Fig. 11 Comparison of exergy efficiency for different refrigerants
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refrigerants. The changes of exergy destruction due to the
evaporator decrease for R404A, R125, R134A, and R407C,
respectively. The variation in the temperature of the exhaust
fluid from the geothermal source has a direct impact on
the evaporator equipment, so according to Eq. 10, exergy
destruction has a very steep slope for all refrigerants due to
the increased heat exchange rate in this equipment.

According to Fig. 8, the exergy destruction due to the
condenser with the temperature of the exhaust fluid from
the geothermal source for various refrigerants is compared.
R507A refrigerant has the highest amount of exergy destruc-
tion due to the condenser. The exergy destruction reduces
due to the condenser for R134A, R404A, R125, and R407C
refrigerants, respectively. Also, R407C refrigerant has the
highest variations of exergy destruction due to the condenser
with the temperature of the exhaust fluid from the geother-
mal source, among other refrigerants. The change of exergy
destruction of the condenser decreases for R134A, R404A,
R507A, and R125, respectively.

According to Fig. 9, the exergy destruction due to the
accumulator tank with the temperature of the exhaust fluid
from the geothermal source for the various refrigerants
shows that R125 refrigerant has the highest exergy destruc-
tion due to the accumulation tank, and, then, the exergy
destruction reduces due to the accumulator tank for R507A,
R404A, R407C, and R134A, respectively. The change of
the exergy destruction due to the accumulator tank with the
temperature of the exhaust fluid from the geothermal source
is approximately equal for the various refrigerants.

In Fig. 10, the exergy destruction due to the whole sys-
tem is compared with the temperature of the exhaust fluid
from the geothermal source for various refrigerants, accord-
ing to (11). Due to the parameters in this equation and the
higher exergy of the heat input to the cycle and the cycle
work consumed than the exergy of the heat output from the
cycle, the total system exergy destruction is increased. R125

Table 6 Major thermodynamics

. Refrigerant Flow number  riv/kg s~ P/kPa T/IK h/kI kg™! s/kJ kg™ K71 Ex/kW
properties data and exergy rates
for geothermal heat pump with R125 1 0.0656 650 2809 3403 1.515 2.164
ﬁﬁgf;;zfs:f:rg; . r;fl};ﬁb ors 2 00656 1568  317.4  360.1 1531 3.173
refer to Fig. | 3 0.0656 1568 303.1  239.9 1.136 2373
4 0.0656 650 2722 2399 1.147 2.181
RI34A 1 0.0401 282 2809  257.6 0.9602 0.8706
2 0.0401 770 323 287.1 0.9841 1.789
3 0.0401 770 3031 93.54 0.3477 0.9987
4 0.0401 282 2721 93.54 0.3576 0.8909
R404A 1 0.0504 581 2808 3738 1.639 1.918
2 0.0504 1414 3203 398.8 1.659 2.9
3 0.0504 1414 3028 2432 1.148 2.102
4 0.0504 581 2717 2432 1.159 1.944
R407C 1 0.0362 445 2816 4178 1.809 1.34
2 0.0362 1176 330 4512 1.836 2.286
3 0.0362 1176 2977 236 1.124 1.532
4 0.0362 445 2672 236 1.134 1.434
R507A 1 0.0521 605 2804  369.6 1.623 2.164
2 0.0521 1459 3195  393.9 1.643 3.173
3 0.0521 1459 3031 2433 1.148 2373
4 0.0521 605 2722 2433 1.159 2.181
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Table 7 Exergy destruction for geothermal heat pump equipment
with (a) R125 refrigerant in heating process, (b) R134A refrigerant in
heating process, (c) R404A refrigerant in heating process, (d) R407C
refrigerant in heating process, (¢) R507A refrigerant in heating pro-
cess

Control volume Ex, /KW Exo /kW  Exg(/kW  Hpyera /%

(a)
Compressor 3.464 3.173 0.291 91.6
Evaporator 2.435 2278 0.157 93.5
Throttling valve 2.373 2.181 0.192 91.9
Condenser 6.877 6.813 0.064 99.1
Underground heat 0.373 0.254 0.119 68.1
exchanger
Accumulator tank 5.612 5.52 0.092 98.4
Output panels 1.859 1.718 0.141 92.4
All system 1.616 0.546 1.07 33.8
(b)
Compressor 2.051 1.789 0.262 87.2
Evaporator 1.145 0.985 0.16 86
Throttling valve 0.999 0.891 0.108 89.2
Condenser 5.493 5.427 0.066 98.8
Underground heat 0.373 0.254 0.119 68.1
exchanger
Accumulator tank 5.6 5.51 0.09 98.4
Output panels 1.849 1.709 0.14 92.4
All system 1.496 0.537 0.959 359
(c)
Compressor 3.18 2.9 0.28 91.2
Evaporator 2.198 2.032 0.166 924
Throttling valve 2.102 1.944 0.158 92.5
Condenser 6.604 6.538 0.066 99
Underground heat 0.373 0.254 0.119 68.1
exchanger
Accumulator tank 5.608 5.517 0.091 98.4
Output panels 1.856 1.715 0.141 92.4
All system 1.578 0.543 1.035 344
(d)
Compressor 2.549 2.286 0.263 0.9
Evaporator 1.688 1.454 0.234 86.1
Throttling valve 1.532 1.434 0.098 93.6
Condenser 5.99 5.963 0.027 99.5
Underground heat 0.373 0.254 0.119 68.1
exchanger
Accumulator tank 5.603 5.512 0.091 98.4
Output panels 1.851 1.711 0.14 924
All system 1.525 0.539 0.986 353
(e)
Compressor 3.264 2.982 0.282 914
Evaporator 2.273 2.115 0.158 93
Throttling valve 2.182 2.019 0.163 925
Condenser 6.686 6.618 0.068 99
Underground heat 0.373 0.254 0.119 68.1
exchanger
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Table 7 (continued)

Control volume Ex, /KW Exo /kW  Exgo i/ kW Hpxeray/%

Accumulator tank 5.608 5.517 0.091 98.4
Output panels 1.856 1.715 0.141 924
All system 1.579 0.543 1.036 344

Table 8 Percent of exergy destruction due to the compressor of the
geothermal heat pump for various refrigerants

Refrigerant R125 R134A R404A R407C RS507A
Percent of exergy destruc- 27.2 27.3 27 26.7 272
tion

refrigerant has the highest exergy destruction, and, after
that, the exergy destruction of the system has decreased for
R507A, R404A, R407C, and R134A refrigerants, respec-
tively. Also, the most significant changes are observed in
the exergy destruction due to the whole system with the tem-
perature of the exhaust fluid from the geothermal source for
R407C refrigerant and the least variation for R125 coolant.

According to Fig. 11, the exergy efficiency calculated by
Eq. (13) is shown with the temperature of the exhaust fluid
from the geothermal source for various refrigerants. R134A
refrigerant has the highest exergy efficiency, and, then, the
exergy efficiency decreases for R407C, R404A, R507A, and
R125 refrigerants, respectively. Augmenting the temperature
of the exhaust fluid from the geothermal source increases
the exergy efficiency of the cycle for all the refrigerants but
has the most significant effect on R125 coolant, after which,
R134A, R404A, and R507A refrigerants have a greater
effect with the temperature of the exhaust fluid from the
geothermal source, while R407C has the slightest changes.

According to Fig. 12, the exergy efficiency augments with
isentropic efficiency of compressor for various refrigerants.
R134A refrigerant has the highest exergy efficiency, and,
then, the exergy efficiency decreases for R407C, R404A,
R507A, and R125 refrigerants, respectively. Exergy effi-
ciency changes with the isentropic efficiency of compressor
for different refrigerants such as COP with the isentropic
efficiency of the compressor.

For the heating process, the significant thermodynamics
properties data and exergy rates for geothermal heat pump
with R125, R134A, R404A, R407C, and R507A refrigerants
are presented in Table 6.

For the heating process, exergy destruction for geother-
mal heat pump equipment with R125, R134A, R404A,
R407C, and R507A refrigerants, presented in Table 7(a—e),
is used for the exergy analysis.
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The percentage of exergy destruction due to the com-
pressor relative to the exergy destruction due to the overall
system for each refrigerant is given in Table 8.

Conclusions

In this investigation, the energy and exergy analysis of a geo-
thermal heat pump cycle and determination of the desired
mass flow rate for the cycle are investigated. Also, the opti-
mization of the heat pump cycle is calculated through two
methods of maximizing COP and exergy efficiency. The
primary outcomes are as follows:

e In the whole system, the maximum exergy loss ratio and
the minimum exergy efficiency are observed, respec-
tively, for the compressor and the underground heat
exchanger. The exergy loss ratio variations for the com-
pressor with different refrigerants are between 0.26 and
0.29. The exergy efficiency for the underground heat
exchanger is also equal to 68.1%. Thus, the compressor
and the underground heat exchanger should be improved
in the first place.

e The results revealed that, by comparing the mentioned
refrigerants for the heat pump cycle, it is observed that
R134A and R125 refrigerants have the highest and lowest
COP and exergy efficiency, respectively. The COP of the
heat pump cycle investigated at the outlet temperature of
the geothermal source of 278 (K) with R134A and R125
refrigerants are equal to 4.515 and 4.181, respectively.
Under the mentioned condition, the exergy efficiency for
R134A and R125 are equal to 0.359 and 0.337, respec-
tively.

¢ In this cycle, enhancing the temperature of the exhaust
fluid from the geothermal source increases the coefficient
of operation and exergy efficiency of the cycle. For exam-
ple, using the R134A refrigerant and variations of outlet
temperature of the geothermal source from 278 (K) to
285 (K), the COP of the heat pump cycle increased from
4.515 to 4.525, and the exergy efficiency has risen from
0.359 to 0.36. This means that at a total heating capacity
of about 5.6 kW, the increase in heat generation is about
0.11 kW.

The outcomes obtained in present research may provide
guidelines for the design and optimization of efficient geo-
thermal heat pump systems, along with some related works
like Refs. [49, 50].
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