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Abstract: The inclusion of a compressor in absorption refrigeration systems is one of the practices that are becoming 
more common in the refrigeration field, since a lower generation temperature is required. Among the mixtures most used 
and studied in refrigeration-compression cycles (CARC) are NH3-LiNO3 and NH3-NaSCN. This is mainly due to the 
assumption that these two mixtures have a better energy efficiency than the conventional absorption refrigeration cycle 
working with NH3-H2O (BARC). Therefore, this work shows an energy and exergy study of a CARC cycle, in which its 
analysis extends to the use of the NH3-H2O mixture, to show the potential that presents the mixture for refrigeration and 
air conditions applications, as well as the advantages and disadvantages to operating in this type of configurations. The 
results obtained are compared with the mixtures NH3-LiNO3 and NH3-NaSCN at different evaporation, condensation, 
generation temperatures and different compressor pressure ratio. The results show that the generation temperature, as 
well as the energetic and exergetic efficiency are strongly dependent on the compressor pressure ratio. For compression 
ratio values lesser than 1.6, NH3-NaSCN mixture is energetically higher than NH3-H2O and NH3-LiNO3 at generation 
temperatures higher than 70°C. The results show the three mixtures have very similar exergetic behavior for almost all 
wide range of operating conditions. When the system works with rp=2.0, the COP of NH3-H2O mixture is 3.26% higher 
than the other two mixtures, while under the same operations conditions, the energetic behavior is very similar for the 
three mixtures for different generation and evaporation temperatures. 
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1. INTRODUCTION 

Nowadays, refrigeration systems are extremely 
important in daily life, since they allow to satisfy diverse 
needs in different sectors of society. Most refrigeration 
systems (including air conditioning) used around the 
world are based on vapor compression technology. 
However, this type of technology consumes between 
15 to 30% of globally electricity produced and 
contributes 10% to the increasing of greenhouse gases 
emissions [1]. In this sense, an alternative refrigeration 
technology is that based on absorption. This has the 
advantage of presenting a lower demand of energy 
consumption, as well as lower greenhouse gases 
emissions, as a result of the type of input energy and 
the type of working pair. For example, Kalinowski et al. 
[2] researched the application of waste heat to reduce 
electricity consumption in absorption refrigeration 
systems. They concluded that with a Combined 
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Cooling, Heating and Power systems, reduction of 
electricity consumption is achieved. Xu et al. [3] 
analyzed a serial LiBr-H2O absorption heat pump 
where the waste heat recovery system was carried out. 
Their results show the energy recovered for the 
proposed configuration can save until 31.93% of the 
total energy supplied to the system. Yue et al. [4] 
studied a solar absorption and absorption-compression 
hybrid refrigeration in building cooling. They concluded 
this configuration has the higher cooling capacity and 
lower fuel consumption compared with the conventional 
solar/natural gas-driven absorption chiller. On a 
commercial level, the most typical working pairs used 
in absorption refrigeration systems are NH3-H2O and 
LiBr-H2O. NH3-H2O is suitable for refrigeration 
applications, while LiBr-H2O is commonly used in air 
conditioning systems. A disadvantage of NH3-H2O pair 
in the basic absorption refrigeration cycle compared to 
other working pairs is its lower energy efficiency, this 
due to the use of a rectifier. Derived from the above, 
several studies have focused on determining, from the 
energy or exergy point of view, those working pairs that 
contribute to achieve improvements to the basic 
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absorption refrigeration cycle. Among the most 
promising working pairs are found, NH3-LiNO3 and 
NH3-NaSCN. In this contest, Zhu and Gu [5] analyzed 
by the second law of thermodynamics an absorption 
system for cooling and heating application using NH3-
NaSCN as working fluid. They concluded that the COP 
of cooling and heating increases with the heat source 
temperature and decreases with the cooling water inlet 
temperature. An air-cooled non-adiabatic absorption 
refrigeration system working with NH3-LiNO3 and NH3-
NaSCN was studied by Cai et al. [6]. In their study, the 
effect of the generator, absorber outlet temperature, 
absorber efficiency on the energetic efficiency were 
discussed. The analysis results indicate that relatively 
high system performance can be obtained when non 
adiabatic absorber is applied in these systems. Cai et 
al. [7] also evaluated experimentally on the thermal 
performance of an air-cooled absorption refrigeration 
cycle with NH3-LiNO3 and NH3-NaSCN refrigerant 
solutions. Their results showed that the COP of NH3-
NaSCN mixture is higher than that of NH3-LiNO3 
system. Farshi et al. [8] made a simulation of an NH3-
LiNO3 and NH3-NaSCN absorption refrigeration cycles 
where various operating parameters on the 
performance and the possibility of crystallization in the 
cycles are studied. They concluded for high generator 
temperatures, NH3-NaSCN cycles have better 
performance. In addition to the above, there are studies 
that have incorporated the use of a compressor to the 
basic absorption refrigeration cycle in order to 
determine the effect on the energetic efficiency of the 
system. In this context, the configurations commonly 
found in the literature are Hybrid configuration in series 
and Hybrid configuration in parallel [9]. 

In the series configuration, the compressor can be 
located in two zones, between the generator and the 
condenser, and between the evaporator and the 
absorber, called the compression-absorption cycle, 
CARC. While in the second configuration, the 
compressor is integrated into parallel between the 
absorber and the generator, also known as the 
resorption-compression cycle, RCAC. Emphasizing the 
Hybrid configuration in series, this configuration has the 
advantage of requiring much lower generation 
temperature, as well as the use of less energy 
compared to the conventional absorption refrigeration 
system. In this context, Wang et al. [10] studied an 
absorption-compression hybrid refrigeration system 
recovering condensation heat for the generation. Their 
results show the generation temperature decreases 70-
80% and the primary energy efficiency can be 97.1% 

higher than that of conventional absorption refrigeration 
system. Wu et al. [11] conducted an experimental study 
of a compression-absorption system with NH3-H2O, 
which operated in heat pump mode. This configuration 
worked more efficiently at a lower inlet generator 
temperature, achieving increases of up to 94% in 
cooling capacity compared to the traditional heat pump.  

The exergy analysis is a potential tool used to 
identify the sources, magnitude and location of the 
reversibility in energy systems [12]. Therefore, Ayou et 
al. [13] investigated a combined refrigeration and 
power system from the energy and exergy point of 
view. Their results show that this cycle is more 
beneficial than the conventional one, since it is flexible 
enough to adjust its heat source temperature 
requirement to produce the same cooling capacity 
adjusting directly the compressor pressure ratio, rp. 
Takleh and Zare [14] modeled a combined power and 
ejector-refrigeration cycle where a thermoelectric 
generator and booster compressor were incorporated. 
They found that the booster assisted incorporated with 
the thermoelectric generator has higher exergy 
efficiency by around 18.7% than the conventional 
combined power and ejector refrigeration system 
driven by geothermal energy. Razmi et al. [15] 
conducted an energy and exergy analysis of a hybrid 
absorption/refrigeration system. They concluded that 
with this configuration non-crystallization working range 
occurs at low generation temperature in comparison 
with single effect absorption system. Other studies 
have focused on evaluating the energetic performance 
of the compression-absorption refrigeration system, 
using the NH3-LiNO3 pair. For example, Ventas et al. 
[16] conducted a theoretical study of a compression-
absorption cycle, in which the effect of the activation 
temperature as well as the compressor pressure ratio 
was analyzed at a fixed condensation and evaporation 
temperature. Their results showed that for rp=2.0, the 
activation temperature reduced to up 24°C, this in 
comparison to the basic absorption refrigeration cycle. 
Later, the authors extended their study and found that 
the compression-absorption system produced the 
refrigeration effect at activation temperatures between 
57 and 70°C, where the maximum energetic efficiency 
of 0.5 was obtained with a compressor pressure ratio of 
2.2. 

According to the reviewed literature, most of the 
studies focus on the energy comparative study and use 
of NH3-NaSCN and NH3-LiNO3 in the CARC, and the 
use and analysis of NH3-H2O in this type of systems 
configurations is limited. Therefore, this paper intends 
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to broaden the discussion of energy and exergy 
analysis of a compression-absorption refrigeration 
system in which three working pairs are compared: 
NH3-H2O, NH3-LiNO3 and NH3-NaSCN. Besides, the 
study shows the operating conditions in which the best 
energy and exergy behaviors are obtained, and their 
possible operational limitations in the field of 
refrigeration and/or air conditioning. The study is 
developed for different values of evaporation, 
condensation and generation temperatures, as well as 
for different values of compressor pressure ratio. 
Above study has the objective of establishing that the 
NH3-H2O pair may be more appropriate than pairs NH3-
LiNO3 and NH3-NaSCN based on coefficient of 
performance, COP, exergetic efficiency, ηex and 
operating conditions when implementing within a 
CARC cycle. In addition, the results obtained for the 
CARC cycle are compared with those obtained by the 
conventional absorption refrigeration cycle, BARC, 
under the same operating conditions. 

2. DESCRIPTION OF THE ABSORPTION 
REFRIGERATION SYSTEM  

Figure 1a shows the diagram of a conventional 
absorption refrigeration cycle, BARC, while the 
compression-absorption refrigeration cycle, CARC, is 
illustrated in Figure 1b. The BARC cycle operates with 
two pressure levels, high pressure in the generator and 
the condenser and low pressure in the evaporator and 
the absorber. The CARC cycle does it under three 
pressure levels, high pressure in the generator and the 
condenser, intermediate pressure in the absorber and 
low pressure in the evaporator. In reference to the 
BARC cycle, the liquid refrigerant coming from the 

condenser under high-pressure conditions (8) passes 
through the pre-cooler. As a result, its temperature (9) 
is reduced, while the vapor coming from the evaporator 
increases its temperature as superheating vapor (12). 
Subsequently, the refrigerant passes through the 
expansion valve reducing its temperature and pressure 
(10), where it is then evaporated in the evaporator (11), 
resulting from the heat absorbed in the refrigerated 
space and because of this, the cooling effect is 
produced. The vapor under superheating conditions 
(12) enters the absorber, where it is absorbed by the 
rich solution coming from the generator (4), through the 
expansion valve (6) and with it, the weak solution is 
formed (1), which is pumped to the generator (3) and 
heated in this component. The vapor produced passes 
to the condenser, while the solution rich in refrigerant is 
sent back to the absorber. To increase the energy 
efficiency of the absorption refrigeration system, a 
solution heat exchanger, SHX, is placed between the 
absorber and the generator. On the other hand, the 
CARC cycle differs from the BARC cycle, that is, the 
vapor refrigerant coming from the evaporator in 
superheating conditions (12) instead of entering directly 
to the absorber passes first through the compressor. 
This causes an increase in the temperature and the 
pressure of the refrigerant until it exits in (13) to go to 
the absorber, where it is mixed with the rich solution 
coming from the generator and in this way continues 
the cycle. It is well known that in absorption 
refrigeration systems using the NH3-H2O as working 
pair, it is necessary to use a rectifier to separate a 
small amount of water that evaporates with the 
refrigerant coming from the generator. However, in this 
study, it is considered that the vapor refrigerant at the 
outlet of the generator is completely ammonia for 

 
Figure 1: Refrigeration cycle a) simple (BARC) and b) with compressor (CARC). 
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compatibility with the results obtained for the cycles 
that operate with the three working pairs analyzed. 

Figure 2 shows the P-T schematic diagram where 
the operating conditions of both systems are included. 
In Figure 2a, the evaporator and absorber operate a 
lower pressure than the condenser and generator, 
while in Figure 2b, the CARC cycle operates at three 
pressure levels. Low pressure in the evaporator, high 
pressure at the condenser and generator and the 
absorber operates a higher pressure than the 
evaporator product of the use of the compressor. 

3. MODELING OF BARC AND CARC SYSTEMS 

The characteristic equations of BARC and CARC 
systems are modeled in the Engineering Equation 
Solver (EES) [17], which are based on mass and 
energy balances describing the different components of 
each system. In order to make the modeling, 
thermodynamic properties of NH3-H2O pair are 
obtained from EES, while for NH3-LiNO3 and NH3-Na 
SCN pairs, their thermodynamic properties are 
calculated from the work done by Infante-Ferreira [18]. 
The following assumptions have been made for the 
modeling: 

• Steady state conditions were considered for 
each system. 

• Condenser and absorber operate at the same 
temperature Tcond. = Tabs, see [8].  

• The refrigerant at the condenser and the 
evaporator outlet is in saturation conditions. 

• The refrigerant at the outlet of the generator is 
considered as vapor refrigerant. 

• For the compatibility in the analysis for the three 
working pairs, the rectifier was not considered in 
the study of NH3-H2O cycle. 

• There are no pressure drops in the heat 
exchangers neither in the pipes, it is because the 
effect of the internal fluid for each mixture not 
was considered in the analysis. 

• The discharge pressure in the compressor is the 
same as in the absorber. 

The main equations for characterizing each of the 
components of BARC and CARC cycles are described 
below (according to Figure 1): 

Generator 

m3 = m4 +m7            (1) 

m3x3 = m4x4 +m7           (2) 

Qgen +m3h3 = m7h7 +m4h4           (3) 

Condenser 

Qcond = m7 (h7 ! h8 )           (4) 

Precooler 

m7 (h12 ! h11)= m7 (h8 ! h9 )           (5) 

!pres =
T12 "T11
T8 "T11

           (6) 

Evaporator 

Qevap = m7 (h11 ! h10 )           (7) 

 
Figure 2: P-T diagram for absorption cycles: a) BARC and b) CARC. 
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Compressor 

!comp =
(h13s " h12 )
(h13 " h12 )

          (8) 

Where, the compressor isentropic efficiency is 
calculated by the equation presented by Rodríguez-
Muñoz et al. [19], which is used for a scroll compressor 
type: 

!comp = 0.874 " 0.0135rp           (9) 

While, rp is the compressor pressure ratio, i.e., the 
discharge pressure with respect to the suction 
pressure, which is calculated as: 

rp = Pabs
Pevap

         (10) 

Absorber 

m7h12 +m6h6 = m1h1 +Qabs         (11) 

In the case of CARC system, the energy balance in 
the absorber is calculated by: 

m7h13 +m6h6 = m1h1 +Qabs         (12) 

Pump 

Wpump = m1!1
(P2 "P1)
#pump

        (13) 

SHX 

m2 (h3 ! h2 )= m4 (h4 ! h5 )         (14) 

!SHX =
T4 "T5
T4 "T2

         (15) 

Energetic performance of an absorption 
refrigeration system is defined as follows: 

COP =
Qevap

Qgen

!the

+
Wpump

!elect

        (16) 

In other hand, for the CARC system, the energetic 
performance is obtained by the following equation: 

COP =
Qevap

Qgen

!the

+
Wcomp +Wpump

!elect

       (17) 

Also, the exergetic efficiency for the BARC system, 
is defined by: 

!ex =

Qevap
T0
Tevap

"1
#

$
%%

&

'
((

Qgen 1"
T0
Tgen

#

$
%%

&

'
((+
Wpump

!elect

       (18) 

For the CARC system, the exergetic efficiency can 
be obtained by: 

!ex =

Qevap
T0
Tevap

"1
#

$
%%

&

'
((

Qgen 1"
T0
Tgen

#

$
%%

&

'
((+
Wcomp +Wpump

!elect

       (19) 

In order to make the simulation of the absorption 
refrigeration system in more realistic way, in Equations 
(16-19) the efficiency of electricity production and 
electricity transmission efficiency were incorporated, 
where, for this paper, the values of these parameters 
were considered 0.38 [16] and 0.9 [20], respectively. 

4. RESULTS AND DISCUSSION 

This section shows the main energetic and 
exergetic comparisons of the compression-absorption 
refrigeration cycle using NH3-H2O, NH3-LiNO3 and NH3-
NaSCN as working pairs. The results presented are 
compared with those obtained from the conventional 
absorption refrigeration system. The simulation was 
performed under the same operating conditions and 
considering a nominal cooling capacity of 17 kW [21]. 

4.1. Generation Temperature 

The generation temperature is an important 
parameter to establish the type of heat input necessary 
to drive the absorption refrigeration system. To know 
these temperatures, a simulation of the BARC and 
CARC cycles was performed based on equations 1-19. 
For the simulation, the operating parameters of the 
BARC cycle were considered based on the work 
presented by Sun [22]. These parameters are: Tevap = -
5°C, Tcond = Tc= Tabs = 25°C and an effectiveness in the 
solution heat exchanger of 0.8. In addition, the 
effectiveness in the pre-cooler and solution pump 0.8 
and 0.85, respectively, which are typical values 
considered in this kind of systems. Regarding the 
simulation of the CARC cycle, the same operating 
conditions of the BARC cycle were considered, as well 
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as variations in the compressor pressure ratio of 1.2, 
1.4, 1.6, 1.8 and 2.0. 

In addition to the validation of the model, the results 
obtained for the CARC cycle were validated with data 
reported by Ventas et al. [16] at condensation and 
evaporation temperature of 39°C and 0°C, respectively 
and rp=1.4. Figure 3 shows the values of COP for 
different generation temperatures, which indicate a 
good agreement between both results.  

 
Figure 3: Validation of developed model for CARC with NH3-
LiNO3 as working fluid. 

In order to have a wide point of view of the 
generation temperatures for the three working pairs 
under study in this work, four conditions of 
condensation temperatures (=Tabs) of 25-40°C have 
been established in intervals of 5°C [23], which are 
commonly found in Mexico for warm climate 
applications. The results obtained from the simulation 
are shown in Table 1. 

In Table 1 it can be seen that, for the conventional 
absorption refrigeration cycle (BARC, rp=1.0) and for a 
condensation temperature of 25°C, the pair with the 
lowest generation temperature is NH3-LiNO3 (56.75°C), 
followed by NH3-H2O (59.48°C) and finally NH3-
NaSCN (60.76°C). It can be observed that this trend is 
repeated for the different condensation temperatures, 
although the generation temperature is higher with 
respect to each pair. This is because when the cooling 
capacity is taken as a constant, the increase in the 
condensation temperature causes that a higher energy 
to be supplied to the generator, increasing its 
generation temperature. It should be noted that the 
lowest generation temperatures are achieved for a 
condensation temperature of 25°C. 

On the other hand, the increasing the compressor 
pressure ratio in the CARC cycle contributes to a 
reduction in the generation temperature for the three 
working pairs and this reduction is lower when the 
condensation temperature decreases. For example, for 
a rp=2.0 and a condensation temperature of 25°C, the 
reductions that are obtained in the generation 
temperature compared with the basic refrigeration 
cycle (BARC, rp=1.0), are 22.86°C for NH3-H2O, 
20.88°C for NH3-LiNO3 and 23.76°C with NH3-NaSCN. 
For a condensation temperature of 40°C, these 
reductions are 24.99°C, 21.97°C and 26.21°C, 
respectively. 

4.2. Energetic Analysis 

This section presents the behavior of COP for both 
absorption refrigeration cycles when parameters such 

Table 1: Generation Temperatures for the Three Working Pairs Analyzed in this Work 

Generation temperatures (°C) 

Tcond=Tabs=25°C Tcond=Tabs=30°C Tcond=Tabs=35°C Tcond=Tabs=40°C 
Cycle 

NH3- 
H2O 

NH3-
LiNO3 

NH3-
NaSCN 

NH3-
H2O 

NH3-
LiNO3 

NH3-
NaSCN 

NH3-
H2O 

NH3-
LiNO3 

NH3-
NaSCN 

NH3-
H2O 

NH3-
LiNO3 

NH3-
NaSCN 

BARC 
(rp=1.0) 

59.48 56.75 60.76 70.92 67.29 72.35 82.58 77.88 84.16 94.48 88.52 96.10 

CARC 
(rp=1.2) 

53.57 51.36 54.52 64.85 61.82 65.90 76.32 72.33 77.46 88.02 82.87 89.22 

CARC 
(rp=1.4) 

48.51 46.75 49.23 59.64 57.12 60.45 70.96 67.55 71.82 82.52 78.02 83.42 

CARC 
(rp=1.6) 

44.09 42.71 44.65 55.08 52.99 55.71 66.28 63.36 66.94 77.70 73.78 78.34 

CARC 
(rp=1.8) 

40.16 39.12 40.60 51.02 49.33 51.52 62.09 59.62 62.62 73.37 69.98 73.90 

CARC 
(rp=2.0) 

36.62 35.87 37.00 47.36 46.02 47.78 58.32 56.25 58.75 69.49 66.55 69.89 



64     Journal of Advanced Thermal Science Research, 2019, Vol. 6 Rodríguez-Muñoz et al. 

as: generation temperature, condensation and 
evaporation temperature, as well as the compressor 
pressure ratio are varying. In this sense, Figure 4 
illustrates the influence of the generation temperature, 
Tgen, on the COP of the systems for the three working 
pairs. In addition, the behavior of the COP for the four 
condensation temperature conditions is also illustrated. 
Additionally, the effect of the compressor pressure ratio 
is shown through the different figures. 

Figure 4a depicts COP of the BARC refrigeration 
system (rp=1.0) as a function of generation 
temperature. It is seen that the COPs are obtained 
using the NH3-LiNO3 pair for most of the range of 
generation and condensation temperatures. This 

behavior is more marked for condensation 
temperatures of 35°C and 40°C, where even for these 
same operating conditions, the COPs for the NH3-H2O 
and NH3-NaSCN pairs are very similar. On the other 
hand, Figures 4b-f show the COP for the CARC cycle, 
where the influence of the compressor pressure ratio 
for the three working pairs is analyzed. As the 
compressor pressure ratio increases, it is observed that 
the difference between COPs for the three working 
pairs is getting smaller, and this is more noticeable at 
lower condensation temperatures. However, at a 
compression ratio of 2.0 (Figure 4f), the NH3-H2O pair 
shows COPs that result to be slightly higher than the 
other two pairs and this is achieved for almost all range 
of condensation and generation temperatures. This is 

 

 
Figure 4: COP vs Tgen for different values of rp; a) 1.0, b) 1.2, c) 1.4, d) 1.6, e) 1.8 y f) 2.0. 



Energetic and Exergetic Performance Comparison Journal of Advanced Thermal Science Research, 2019, Vol. 6      65 

due to the fact that increase the compressor pressure 
ratio, it produces a reduction in the enthalpies in the 
states 4 and 5, as well as less mass flow rate in the 
strong and weak solution and then less energy is 
required in the generator to begin producing the 
refrigerating effect. However, this reduction is 
significantly lower for NH3-H2O, which results in a 
better COP in the cycle. 

On the other hand, Figure 5 illustrates the effect of 
the evaporation temperature on the COP of the BARC 
(see Figure 5a) and CARC (see Figures 5b-f) cycles 
for the three working pairs under study. The coefficient 
of performance is analyzed for the same operating 
conditions described in Figure 4, in addition, a 

generation temperature of 90°C was set. The results 
show that the COP increases as the evaporation 
temperature increases, while it decreases as the 
condensation temperature increases. Figure 5a it is 
also seen that the COPs are very similar for the three 
working pairs at a condensation temperature of 25°C 
and 30°C, with the NH3-NaSCN pair being slightly 
higher than the other two pairs. At condensation 
temperatures of 35°C and 40°C, the difference on 
COPs between pairs is more remarkable, so for these 
operating conditions NH3-LiNO3 pair is higher than the 
other two pairs for practically all the range of 
evaporation temperatures. Figure 3b shows COP is 
similar to those obtained in the case of Figure 5a. The 
NH3-NaSCN is slightly higher than the other pairs and 

 
Figure 5: COP vs Tevap for different values of rp; a) 1.0, b) 1.2, c) 1.4, d) 1.6, e) 1.8 y f) 2.0. 
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the best results are obtained at low condensation 
temperatures. On the other hand, it can also be 
observed that NH3-LiNO3 has a higher COP than NH3-
H2O and NH3-NaSCN for almost all the range of 
evaporation temperatures, however this is obtained at 
a condensation temperature of 40°C. In the case of the 
cycle operating at rp=1.4 and 1.6 (Figures 5c and 5d), 
NH3-H2O begins to be higher than the other two pairs 
at evaporation temperatures above 0°C. It is important 
to indicate that, as the compressor pressure ratio 
increases, as well as the evaporation temperature, the 
difference between energetic behavior among pairs 
become smaller each time. When the cycle works at 
rp= 1.8 and 2.0 (Figures 5e and 5f), it is observed that 
there are not many variations on the energetic behavior 
among pairs. However, at condensation temperature of 
25°C, it can be seen that the NH3-H2O pair shows 
COPs are slightly higher than those obtained from the 
other two pairs, although this is achieved at 
evaporation temperatures higher than -7°C. This is 
mainly due to two aspects; by increasing the 
evaporation temperature, the energy consumption of 
the compressor is reduced, while the increasing in the 
compressor pressure ratio causes a reduction in the 
generation temperature for the three pairs, work of the 
solution pump and the mass flow rate coming from 
generator. However, in the case of the NH3-H2O cycle, 
this effect is more beneficial in comparison with the 
other working pairs and, therefore, better COPs are 
obtained. 

4.3. Exergetic Analysis 

Figure 6 shows the exergetic efficiency of the 
absorption refrigeration system as a function of the 
generation temperature, condensation temperature and 
compressor pressure ratio. For the simulation, the 
reference state was taken at an ambient temperature of 
25°C, a pressure of 101.325kPa and an evaporation 
temperature of -5°C. From the results obtained it is 
observed that the exergetic efficiency, ηex, reaches a 
maximum point at a specific generation temperature for 
each condenser temperature, however after of its 
value, the energetic efficiency decreases while the 
generation temperature increases. This phenomenon is 
because increasing the generation temperature causes 
a significant increase in the absorption efficiency of the 
solution, increasing with it the absorption rate of the 
weak solution into the strong solution and then, a lower 
energy is required in the generator. In addition, it is 
also observed that an increase in the condensation 
temperature causes a decrease in the exergetic 
efficiency for the three working pairs. This is because, 

as the condensation temperature increases, the energy 
required in the generator increases, so that, by 
definition of the second law of thermodynamics 
(Equations (18) and (19)), increases the exergy 
supplied and thereby, reducing the exergetic efficiency. 

In the case of Figure 6a (BARC cycle, rp = 1.0), the 
NH3-LiNO3 pair has better exergetic efficiency for a 
wide range of generation and condensation 
temperatures, and these results are more noticeable at 
high condensation temperatures. With respect to the 
NH3-H2O and NH3-NaSCN pairs, it is observed that 
both exergetic efficiencies are very similar for low and 
high generation and condensation temperatures. On 
the other hand, Figures 6b-f illustrate that, by 
increasing the compression ratio, the exergetic 
efficiency of the CARC cycle is reduced and, in turn, a 
lower generation temperature is achieved. It is also 
observed that the exergetic efficiencies are very similar 
for the three working pairs, for the whole range of 
generation and condensation temperatures, even the 
difference of the ηex is reduced as the compressor 
pressure ratio increases. 

The effects of the evaporation and condensation 
temperature on the exergetic efficiency are shown in 
Figure 7. For the analysis, a generation temperature of 
90°C was considered, which was kept constant during 
the simulation. From the figure it is observed that, 
under the same operating conditions, the exergetic 
efficiency for the three working pairs is drastically 
reduced when the evaporation and condensation 
temperature is increased. When the refrigeration 
system operates at low evaporation temperatures, 
more energy is required in the generator to produce the 
cooling process. For example, this effect is most 
noticeable at high condensation temperatures (35°C 
and 40°C) as is shown in Figures 7a-c. However, the 
increase in evaporation temperature causes a 
reduction in the input exergy more widely than the 
output exergy, which causes that the exergy efficiency 
to increase to its optimum value. From this value, the 
exergetic efficiency begins to decrease because there 
are not many variations in the output exergy, while the 
input exergy continues reducing significantly. 

The best results correspond to a condensation 
temperature of 25°C and 30°C, as well as to low 
evaporation temperatures (see Figure 7a). Figure 5a 
also shows that at condensation temperature of 35°C, 
NH3-LiNO3 is higher than the other two pairs, but this is 
achieved at evaporation temperatures below 3°C, while 
at condensation temperature of 40°C, this pair is higher 
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than the other two for almost all of range of evaporation 
temperatures. In Figures 7b and 7c it is observed that 
when compressor pressure ratio increases, the 
difference between exergy behaviors is reduced and 
this reduction is less at low condensation temperatures. 
For example, at a rp = 1.2 and 1.4, as well as a 
condensation temperature of 35°C, the NH3-LiNO3 is 
still higher than the other two pairs, but this is achieved 
at evaporation temperatures lower than 0°C and -5°C, 
respectively. Considering the same compressor 

pressure ratio and a condensation temperature of 
40°C, this working pair is still slightly higher than the 
other two pairs, however, its exergetic efficiency 
decrease with the increase of the compressor pressure 
ratio. 

For a rp=1.6 (see Figure 7d), it can be seen that, 
practically, the energetic behaviors are very similar for 
the three working pairs, for both low and high 
condensation temperatures and this same effect is 

 

 
Figure 6: ηex vs Tgen for different values of rp; a) 1.0, b) 1.2, c) 1.4, d) 1.6, e) 1.8 y f) 2.0. 
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more noticeable for a rp=1.8 and 2.0. However, for low 
condensation temperatures, the CARC cycle is more 
suitable for refrigeration applications. 

5. CONCLUSIONS 

In this paper, the energetic and exergetic 
comparison of a compression-absorption refrigeration 
system was presented, in which three working pairs 
were evaluated. The parameters analyzed were 
generation temperature, evaporation temperature, 
condensation temperature and compressor pressure 
ratio, and the results obtained were compared with 
those obtained by the basic absorption refrigeration 
cycle. Among the most relevant conclusions of this 
work we can mention the following: 

• The compressor pressure ratio is the parameter 
that shows a higher influence on the coefficient 
of performance of the CARC cycle for the three 
working pairs studied. The NH3-H2O pair 
presents a slight increase on COP compared to 
the other two pairs at high compressor pressure 
ratio (rp˃1.8), as well at low condensation 
temperatures. For example, for a rp=2.0 and a 
condensation temperature of 25°C, the 
reductions on the generation temperature 
obtained in comparison with the basic 
refrigeration cycle (BARC), are 22.86°C with 
NH3-H2O, of 20.88°C for NH3-LiNO3 and 23.76°C 
with NH3-NaSCN, while a condensation 
temperature of 40°C, these reductions are 
24.99°C, 21.97°C and 26.21°C respectively. 

 
Figure 7: ηex vs Tevap for different values of rp; a) 1.0, b) 1.2, c) 1.4, d) 1.6, e) 1.8 y f) 2.0. 
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• By increasing the compressor pressure ratio, the 
exergetic efficiency of the CARC cycle 
decreases for the three working pairs. However, 
similar energetic performances are found for the 
three working pairs at high range of generation 
and condensation temperatures. 

• Increasing the evaporation temperature causes 
energetic efficiency to increase while the exer-
getic efficiency is reduced. From the energetic 
point of view, the NH3-H2O results are slightly 
higher than for the other two working pairs at 
high compressor pressure ratio, high evaporation 
temperatures, as well at low condensation 
temperatures. While for these same operating 
conditions, the exergetic efficiency for the three 
working pairs are very similar.  

• The CARC cycle is a good alternative for solar 
energy applications since generation 
temperatures between 35-37°C are necessary to 
activate the system for the three working pairs at 
condensation temperatures of 25°C.  

• The results show that energetic and exergetic 
performances are lower for NH3-H2O compared 
with the other two working pairs when used in 
the BARC cycle. However, when implementing 
this pair in the CARC cycle, these results are 
beneficial since the energetic and exergetic 
performances are similar to the other pairs, and 
even for even operating conditions, the NH3-H2O 
is slightly higher than the other two.  

• The use of NH3-H2O has the advantage of no 
crystallization risk as in the case of NH3-LiNO3 
and NH3-NaSCN pairs. It is because when the 
system works with NH3-LiNO3 and NH3-NaSCN 
and the generation temperature increasing while 
remaining constant the condensation tempera-
ture, the mixture tends to enter the crystallization 
zone because the weak solution coming to the 
generator decreases.  

• With the results, it is expected that this work 
helps the researchers and designers to search 
energetic improvements on this type of system 
and in the developing of new alternative 
configurations of absorption-compression refri-
geration systems and development of new 
compressors able operate under the operating 
conditions of maximum COP and exergetic 
efficiency. 

Finally, the present study allows us to conclude that 
the CARC cycle is an alternative configuration for 
absorption refrigeration systems in the field of 
refrigeration and air conditioning, since the generation 
temperature can be reduced up 26.21°C, compared 
with the basic absorption refrigeration cycle (BARC). In 
addition, it also shows that in the CARC configuration, 
the NH3-H2O mixture results in COP and energetic 
efficiency competitive compared with NH3-NaSCN and 
NH3-LiNO3 mixture. 
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NOMENCLATURE 

h = enthalpy (kJ/kg) 

m = mass flow rate (kg/s) 

P  = pressure (kPa) 

Q = heat transfer rate (kW) 

T = temperature (°C) 

V = Valve 

SHX = Solution heat exchanger 

υ = specific volume (m3/kg) 

W  = power (kW) 

x = ammonia-solution concentration  

Subscripts 

abs = absorber 

comp = compressor 

cond = condenser 

elect = electricity 

evap = evaporator 

ex = exergetic 

gen = generator 

prec = precooler 

pump = pump 
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s = isentropic 

SHX = solution heat exchanger 

the = thermal 

0,1, 2,… = thermodynamic states 
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