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Abstract  -  This paper presents a thermodynamic model developed for a prototype absorption chiller using NH3/
LiNO3 with 10 kW of nominal capacity. The study was undertaken using thermodynamic modeling based on the 
mass and energy balance, takes the overall heat transfer coefficients into consideration and uses the characteristic 
equation method. First, the results obtained from the thermodynamic modeling developed were compared with 
those obtained from the characteristic equations of thermal power activation and the cooling capacity. These 
showed good agreement with the experimental data, there being maximum relative errors of around 5% for most 
of the operational conditions of the system. Secondly, a parametric analysis was made by altering the variables, 
such as temperature, mass flow rate, and configuring the heat dissipation that influences the overall performance 
of the prototype chiller.
Keywords: Prototype absorption chiller; Characteristic equation method; Parametric analysis; NH3/LiNO3.

INTRODUCTION

LiBr/H2O and NH3/H2O, the conventional fluids 
used in absorption refrigeration systems cause great 
inconveniences, such as corrosion problems and 
high pressures, in addition to which there is a need 
to rectify the solution, which tends to crystallize 
(Akrami et al., 2018; Guido et al., 2018). The binary 
pair, lithium nitrate/ammonia binary, has been used as 
an alternative solution for these systems (Libotean et 
al., 2007 and 2008; Cuenca et al., 2014). The mixture 
(NH3/LiNO3) has shown good results when compared 
to the mixtures used in commercial systems (LiBr/H2O 
and also NH3/H2O), especially when solar energy is 
used as an activation source of the system (Amaris et 
al., 2014; Buonomano et al., 2018).

Several studies on absorption systems that use 
NH3/LiNO3 have been conducted, some of which seek 

to take experimental approaches (Moreno-Quintanar 
et al., 2011 and 2012; Jimenez and Rivera, 2014; 
Cai et al., 2016; Jiang et al., 2017) while others take 
theoretical approaches (Acuña et al., 2013; Farshi et al., 
2014; Alvarez et al., 2016; Azhar and Siddiqui, 2017; 
Maryami and Dehghan, 2017; Sabbagh and Gómez, 
2018), especially in the direction of creating prototypes. 
This is seen in the literature (Hernández-Magallanes 
et al., 2014; Zamora et al., 2014 and 2015). Moreno-
Quintanar et al. (2012) made a comparison with a solar-
powered intermittent absorption refrigeration system, 
which takes both a binary mixture (NH3/LiNO3) and 
also a ternary mixture (NH3/LiNO3+H2O) into account, 
their goal being to verify the best mixture for the solar 
absorption chiller. They found that the advantages 
offered by the ternary mixture were greater than 
those presented by the binary mixture (NH3/LiNO3). 
Studies by Zamora et al. (2014, 2015) developed two 



Alvaro A. S. Lima et al.

Brazilian Journal of Chemical Engineering

1062

pre-industrial absorption chillers, one with a water-
cooled system and the other with an air-cooled system, 
which were built with brazed plate heat exchangers. 
The goals of these papers were to optimize the chiller, 
the focus being on the circulation pump, and also to 
characterize these pre-industrial chillers at part-load. 

To compare configurations of absorption 
refrigeration systems and their performance, 
Domínguez-Inzunza et al. (2014) compared five 
configurations of operational absorption systems 
(namely, those of half-effect; single-effect; double-
effect in series; double-inverse and triple-effect) 
using ammonia/lithium nitrate solution as the working 
pair. The results showed that the single-effect chiller 
has the simplest configuration in comparison to the 
other chillers analyzed and also its Coefficient of 
Performance (COP) is almost twice as high as those 
obtained with the half-effect cycle. In their paper, Cai 
et al. (2015) introduced a new component to improve 
the thermal performance of a novel air-cooled double 
effect absorption refrigeration system that could 
use ammonia/lithium nitrate and ammonia/sodium 
thiocyanate solutions as working fluids and a high 
temperature source to activate the cycle. In the same 
context, although using a two-stage configuration of 
a thermodynamic double-effect absorption cycle with 
ammonia/lithium nitrate, Ventas et al. (2016) found 
that the maximum COP could reach 1.25 when the 
driven temperature was around 100°C. Cai et al. (2016) 
conducted an experimental study of an air-cooled type 
single-effect absorption refrigeration cycle that uses 
two different solutions (NH3/LiNO3 and ammonia-
sodium thiocyanate) as working pairs, with a view 
to determining how these influenced the evaporation 
temperature and capacity of the chiller. Ventas et al. 
(2017) conducted a study with a view to proposing a 
NH3/LiNO3 two-stage double-effect absorption chiller 
for cogeneration systems that produce electricity 
and cooling using solar thermal or residual heat as 
energy sources. It was found that a combined power 
and cooling system allows the production of power to 
be adapted either to the demand for cooling or to the 
demand for power by splitting the vapor generated.

On using this alternative mixture (NH3/LiNO3) 
in absorption systems, some advantages were 
demonstrated, mainly with respect to the simplicity 
of the configuration of the cycle, due to excluding the 
rectifier in absorption systems that use ammonia/water 
as the working fluid. From this context, numerous 
experimental proposals were put forward for different 
applications of these systems, such as thermal comfort 
and also refrigeration (Domínguez-Inzunza et al., 
2014; Hernández-Magallanes et al., 2014; Jiménez 
and Rivera, 2014; Zamora et al., 2014 and 2015; Cai 
et al., 2016).

In this paper, a complete energetic analysis of 
the prototype absorption chiller is presented. The 

study uses thermodynamic modeling based on the 
mass and energy balances that take the overall heat 
transfer coefficients into consideration. Its uses 
the characteristic equation method by applying the 
Duhring rule of the internal temperature based on the 
saturation mean temperatures and the Duhring slope. It 
also conducts a sensitivity analysis of the parameters 
such as the temperatures of hot, cold and chilled water 
and the mass flow rates, the configuration of the heat 
dissipation systems (series and parallel) and also the 
effect of the overheating introduced at the outlet of the 
evaporator. The goal is to increase the thermal COP of 
the prototype chiller. 

METHODOLOGY

The absorption refrigeration equipment modeled 
in this paper is a 10 kW single-effect hot water-fired 
absorption chiller of nominal capacity which uses 
NH3/LiNO3 as the working fluid. It was designed, built 
and tested by the SOLAFRIO and CONFISOL project 
(Zamora, 2012). This prototype was modeled in the 
steady state, based on the mass, species and energy 
balances. As is known, a single-effect absorption 
refrigeration system is a device that, basically, consists 
of a generator, a condenser, an absorber, an evaporator, 
expansion valves, a solution heat exchanger and 
pumps, see Figure 1. However, this model includes 
a refrigerant heat exchanger in order to enhance the 
efficiency of the absorption system.

In addition to the generator, condenser, absorber, 
evaporator, there are two plate heat exchangers: one 
for the solution and another for the refrigerant. These 
components were chosen because of their compactness. 
The operation takes place using three internal and 
external fluids. The internal ones are divided into the 
NH3/LiNO3 solution, which passes through points 
1 - 6 (which are responsible for the desorption and 
absorption processes), and the refrigerant vapor, 
which passes through points 7-10, and points 19 and 
20 (which is responsible for the cooling effect).

The external circuits are divided into three, namely, 
the hot, cold and chilled water circuits. The hot water 
circuit (points 11-12) represents the activation source 
for the absorption chiller, while the cold water circuit 
(points 13-16) represents the dissipation source of the 
systems, and the chilled water circuit (points 17-18) 
represents the cooling capacity of the chiller. 

Thermodynamic Modeling of the prototype 
absorption chiller 

In the thermodynamic modeling of the prototype, 
see Figure 1, the external circuits (cold, hot and chilled 
water) and their interactions with the internal circuit 
(solution and/or refrigerant) had to be included. This 
was achieved by using the characteristic equations of 
each heat exchanger. The equation that characterizes 
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the heat exchanger is based on the product (UA) and 
the logarithmic average temperature (DTln), the latter 
being the boundary condition between the internal 
circuit and the external fluid. This modeling of the 
internal circuit with external circuits allows the output 
conditions (pressures, temperatures, energy flows) of 
the chiller to be checked based on the variations made 
to the system (thermal load, source activation, cooling 
circuit). To construct the thermodynamic model of 
the prototype, the following simplifying assumptions 
were considered:

•	 The system is in steady state;
•	 The temperature, pressure and concentration 

are homogeneous in each component;
•	 The refrigerant circuit consists exclusively of 

pure ammonia;
•	 There are only two pressure levels, high 

(generator - condenser) and low (absorber - evaporator);
•	 A variation in pressure occurs only in the 

expansion valves;
•	 The rich solution leaving the absorber is in 

saturation conditions at the pressure and temperature 
of the absorber;

•	 The heat exchange with the neighborhood is 
negligible;

•	 The expansion valves are considered adiabatic.

The properties of the working fluids of the system 
were determined from the correlations found in the 

Figure 1. Diagram of the Prototype Absorption Chiller.

literature. For pure ammonia, the correlations presented 
by Tillner-Roth et al. (1993) were used and for the 
NH3/LiNO3 solution, the vapor pressure specific heat, 
density, viscosity and enthalpy were determined by 
using, the correlations found by the CREVER group 
(Libotean et al., 2007 and 2008; Cuenca et al., 2014).

Table 1 shows the equations of the mass, species 
and energy balances for all the components of the 
absorption chiller and it also shows the set of equations 
of the external circuitry and the heat transfer equations 
of the heat exchangers. These equations represent the 
overall energetic modeling of the prototype as can be 
seen in Ochoa et al. (2014a and 2014b; Ochoa et al., 
2016; Ochoa et al., 2017).

The subscript X represents the components 
(absorber, evaporator, condenser and generator) of the 
chiller. The temperature of the external water circuit 
is represented by the letter (t) and the temperatures of 
the internal circuit of the chiller are represented by the 
letter (T). 

Characteristic Equation Method
Based on the information found in the open 

literature, specifically in Albers and Ziegler (2015) 
and Zinet et al. (2012), the characteristic equation 
method is based on the thermodynamic fundamentals 
and nominal characteristics of the chiller. The aim is 
to determine the behavior of the absorption chiller 
considering the average temperatures of the cold, 

Table 1. Mass, species and energy balances, and heat transfer equations of the heat exchangers modeled.
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hot and chilled water (external circuits) and specific 
characteristics of the chiller, such as the overall heat 
transfer coefficients and flow rates. Implementation 
takes the Duhring rule into account, thus allowing 
both the internal average temperatures of each heat 
exchanger of the chiller to be identified and the weak 
and strong concentrations (Xsol) of the system and the 
temperatures of the saturated solution (Tsat,sol) from 
a linear equation with slope B and intersection Z, 
expressed as:

temperatures of the cold, hot and chilled water circuits 
are determined, expressed as:

( ) ( )sat ,sol sol sat ,ref solT B X T Z X= ⋅ + ⋅

Table 2. First Part of the Equation characteristic Method of the absorption chiller.

( ) ( )G A sol C ET T B X T T− = ⋅ −

The B term of equation 2 represents the slope of 
the Duhring diagram. By combining the equations 
from Table 2 and equation (2), the average external 

( )G A C E E loss
G A

E
G A C E

G At t B t t Q Q
UA UA

1 1 C 1B Q
UA UA UA UA

 
− − ⋅ − = ⋅ + + ⋅ 

 
   

⋅ + + ⋅ ⋅ +   
   

 



The term on the left can be represented by the total 
temperature difference (∆∆t), as:

( )G A C E thrust liftt t t B t t t B tDD = − − ⋅ − = D − ⋅D

Eq. 4 could be interpreted as the difference 
between the temperature thrust ∆tthrust = (tG - tA) and the 
temperature lift ∆tlift = (tC - tE). The total temperature 
difference can also be defined in terms of the design 
parameters, such as:

loss
G A

E

G A C E

G A C E

1 1Q
UA UA

Q
G A C 1B

UA UA UA UA
t

1
G A C 1B

UA UA UA UA

 
⋅ + 
 +

  
+ + ⋅ +  

  DD =

  
+ + ⋅ +  

  





This fraction of the total temperature difference 
can be simplified based on two parameters: (SE) 
representing the proportion of the global coefficient of 
each component of the chiller Eq. (6); and (αE), which 
represents the distribution of the overall heat transfer 
coefficients inside the equipment Eq. (7), such as:

E

G A C E

1S
G A C 1B

UA UA UA UA

=
  

+ + ⋅ +  
  

G A
E

G A C E

1 1
UA UA

G A C 1B
UA UA UA UA

 
+ 

 a =
  

+ + ⋅ +  
  

This considers the four main heat exchangers 
(Absorber, Evaporator, Condenser and Generator), and 
lets calculations be made of the heat flow (Qi), based 
on the overall heat transfer coefficient and the area of 
the heat exchanger, the product (UAX), and the average 
logarithmic difference (∆TlmX) as shown in Table 1. To 
simplify the equations and according to the literature 
for heat exchangers, the analysis of absorption 
refrigeration systems (Kohlenbach and Ziegler, 2008 
and 2008b; Myat et al., 2011; Ochoa et al., 2016 
and 2017) and the term (∆Tlm) of the characteristic 
equation can be replaced by the mean difference in 
temperature between the hot and cold fluids (∆TlmX 
≈ |tX - TX|). Where tX is the average temperature of the 
external fluid and TX is the average temperature of the 
internal fluid of the flows of the heat exchanger.

The characteristic equation method was described 
by applying the First Law of Thermodynamics to the 
absorption refrigeration system, taking into account a 
steady-state regime with the energy and mass balances 
of the system. Table 2 shows the equations of the 
first part of implementing the characteristic equation 
method of the prototype chiller.

By applying the Duhring rule for two temperature 
levels, Eq. 1, (high and low), the relationships found 
were:

.

(1)

(2)

(3)

(4)

(5)

(6)

(7)
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The total temperature difference could be defined 
as Equation 8: 

E
min E

E

Q
t t

S
DD = + DD



The minimum total temperature difference (∆∆tminE) 
represents a relationship between the parameters (SE, 
αE and Qloss), expressed as:

The thermal power activation (generator) and 
cooling capacity (evaporator) of the absorption chiller 
can be expressed as:

E loss
min E

E

Q
t

S
a ⋅

DD =


( )E E min EQ S t t= ⋅ DD − DD

Q G S t t
S

tG E E
E

E
E= ⋅ ⋅ −( )  + ⋅∆∆ ∆∆ ∆∆min minα

The full modeling and implementation of the 
characteristic equation method of the prototype chiller 
are detailed in Ochoa et al. (2017).

Coefficient of Performance of the Chiller (COP)
The COP of the chiller can be expressed as: 

( )
( )

E min EE

G E min E loss

min E

E min E
E

S t tQ
COP

Q G S t t Q  

t t
1G t S G t

⋅ DD − DD
= =

⋅ ⋅ DD − DD +  
DD − DD

=
  

⋅DD ⋅ ⋅ − + DD   a  



 

Table 3. Nominal Conditions of the Prototype Absorption Chiller.

DISCUSSION AND RESULTS

The energetic analysis using the theoretical 
thermodynamic modeling based on the mass, species 
and energy balances and the characteristic equation 
method was compared with experimental data 
collected from the paper by Zamora (2012) and also 

by adapting the thermal power activation and cooling 
capacity based on two correlations in accordance with 
the method found in the literature (Puig et al., 2010). In 
the second part, a parametric analysis was conducted 
to verify the influence of the operational parameters on 
the performance of the prototype chiller.

Nominal Conditions of the Prototype NH3/LiNO3 
Absorption Chiller 

The nominal temperature conditions of the cold, 
chilled and hot water of the prototype are shown in 
Table 3 (Zamora, 2012). The Products (UA) were 
estimated from the nominal conditions used in the 
equation:

QUA
Tlm

=
D



Comparison of the experimental data and 
numerical results of the thermodynamic modeling

To validate the thermodynamic modeling applied 
for the prototype absorption chiller, 10 operational 
scenarios were selected that take the flows of hot, cold 
and chilled water into account. The experimental data 
and the numerical results obtained were compared, 
considering the (hot, cold and chilled) outlet water 
streams. Figures 2 and 3 show the temperature 
profiles of the hot and chilled water, respectively, that 
were simulated by the model and those determined 
experimentally by Zamora (2012). 

Figure 2. Comparison of the temperature profiles 
obtained by the thermodynamic modeling and the 
experimental data for the Hot water. 

.

(8)

(9)

(10)

(11)

(12)

(13)
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For the hot water circuit, the values obtained by 
the thermodynamic modeling and from experimental 
data showed the same trend, there being a minimal 
divergence between them. In the case of the chilled 
water circuit, the comparison showed a similar result to 
that of the hot water circuit; namely the same trend was 
followed and there was also a slight divergence between 
the simulated and experimental values. The minimum 
and maximum errors are 0.02% and 6% for the chilled 
water and the hot water, respectively. Therefore, the 
adjustment between the numerical and the experimental 
data can be considered good and, hence, the comparison 
is very good. As to the cold water circuit, the behavior is 
the same as that shown in the case of the hot water, but 
there is a little more divergence between the numerical 
and experimental data in all 10 of the scenarios. This fact 
can be attributed to the uncertainties of the experimental 
data (around 5%, as found by Zamora, 2012). 

Comparison of the experimental data with the 
results from the characteristic equation 

To validate the results obtained by implementing 
the characteristic equation method, a comparison with 
the experimental data was made in two ways: First, 
the results between the real experimental data were 
compared and secondly, so were the results from the 
experimental correlation coming from the adjustment 
of the experimental data, based on the data used in 
Puig et al. (2010).

The adjusted experimental correlations obtained 
from the data presented in Zamora (2012) and adapted 
by the methodology presented in Puig et al. (2010) can 
be expressed as:

The experimental data of the Prototype Absorption 
chiller were extracted from the study by Zamora 
(2012) considering the following operational 
temperature ranges: 7-15°C chilled water, 80-100°C 
hot water, and 32-45°C cold water. Seventeen (17) 
operating conditions of the absorption chiller were 
selected. Table 4 shows the values of the parameters of 
equations 16 and 17.

Figures 4 and 5 compare the results of using the 
thermal activation power and the cooling capacity 
of the prototype, respectively. These were obtained 
by the characteristic equation method (Qg_ce; Qe_ce), 
experimental data (Qg_exp; Qe_exp) and the adjusted 
experimental correlations (Qg_corr; Qe_corr), arising from 
the total difference in temperature that considered the 
whole operational range of the equipment.

Figures 6 and 7 show that results obtained by 
implementing the characteristic equation method for 

Figure 3. Comparison of the temperature profiles 
obtained by the thermodynamic modeling and the 
experimental data for the Chilled water.

e _ exp_ corr e ch e ac e g eQ a T b T c T d= ⋅ − ⋅ + ⋅ +

Table 4. Coefficients Values of equations 16 and 17.

g _ exp_ corr g ch g ac g g gQ a T b T c T d= ⋅ − ⋅ + ⋅ +

Figure 5. Comparison of the results obtained by the 
characteristic equation method, real experimental data 
and the correlations adjusted for the Cooling capacity 
(Qe).

Figure 4. Comparison of the results obtained by the 
characteristic equation method, real experimental 
data and the correlations adjusted for the Thermal 
activation power (Qg). 

. .
. .

. .

.

.(14)

(15)
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the thermal activation power and the cooling capacity 
fit well over the operating range of the absorption 
chiller. This was considered a good adjustment since 
the minimum and maximum errors were around 1 
to 10%, which is good when the complexity of the 
absorption and desorption processes in the cycle are 
considered, and also, because of the assumptions that 
were made to simulate the prototype chiller. 

Figure 6 shows the comparison of the COP of the 
absorption chiller results obtained by the characteristic 
equation method (COPce), the experimental data 
(COPexp) and the adjusted experimental correlation 
(COPexp_corr), arising from the total difference in 
temperature that considered the whole operational 
range of the equipment. Figure 7 shows their minimum 
and maximum errors.

Note that there are differences between results of 
the COP, see Figure 6, that could be due to propagation 
of error in the thermal activation power and cooling 
capacity. Once more, these were attributed to 
uncertainties in the experimental data (around 5%) and 
also to simplifying assumptions of the modeling. 

Despite these errors, the adjustment can be 
considered good because, for most operating 
conditions, these deviations were not greater than 5%, 
especially at the nominal operational conditions of 
the prototype, namely when the hot, chilled and cold 
water were at temperatures of 90°C, 15°C and 37.5°C, 

respectively, represented by a ΔΔt of 23K where the 
deviation was lower than 1%.

As already mentioned, Figure 7 shows good 
agreement between the results obtained from the 
characteristic equation and the experimental data, 
and also when the experimental data and the results 
from the adjusted correlation are compared. For most 
of the operational range of the chiller, including the 
nominal condition, the deviations were 5% lower. 
The maximum errors of the results were found in 
the thermal power activation, around 9%, as was the 
minimum error of around 0.2%. These errors lead to 
maximum and minimum errors in the COP of 10% 
and 0.6%, respectively. Therefore, in order to tackle 
the overall uncertainties involved in operating the 
prototype, this could be considered a good adjustment 
for predicting the behavior of the systems. 

Parametric analysis of the prototype NH3/LiNO3 
absorption refrigeration chiller.

The idea of this parametric analysis was to verify the 
thermodynamics of the different technical parameters 
such as: the type of configuration of series and parallel 
heat dissipation circuit and the temperatures of the 
(hot, cold and chilled water) external circuits, the mass 
flow rate of the ammonia-rich solution in the internal 
circuit of the prototype chiller, the influence of the 
flow mass rate according to the dissipation system and 
finally, the influence of the overheating at the outlet of 
the evaporator. In the parametric analysis, the effects 
were compared including and excluding the heat 
exchanger of the refrigerant of the prototype chiller.

COP Profile based on the configuration of the heat 
dissipation circuit (series and parallel) and the 
temperatures of the hot, cold and chilled water 

Single-effect absorption systems can basically 
use two dissipation circuit configurations; series 
or parallel. The series configuration predicts that a 
single water line will flow through the absorber - 
condenser assembly, i.e., the circulation water passes 
first through the absorber and later either through the 
condenser or the dissipation system (cooling tower, 
air heater, air dissipation). On the other hand, the 
parallel configuration predicts that the line coming 
from the dissipation system will be divided into two 
sub lines, which keep the same inlet temperature, 
i.e., the cold dissipation water will enter the absorber 
and the condenser at the same temperature. These 
settings have different behaviors with regard to the 
performance of the chiller. In this section, it was 
decided to vary the COP based on the configuration 
with the system, whether or not the refrigerant heat 
exchanger was used, but nevertheless taking the hot 
and cold water inlet temperatures and the chilled water 
outlet into account. 

Figure 6. Comparison of the results obtained by the 
characteristic equation method, real experimental data 
and the adjusted correlations for the COP. 

Figure 7. Comparison of the results obtained by the 
characteristic equation method, real experimental data 
and the adjusted correlations taking into the account 
the Minimum and Maximum errors.
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In the parallel configuration the flow is divided into 
two streams that keep the same value for the water 
flow rate. This is done with the intention of having 
the same cold water inlet temperature in the two heat 
exchangers that integrate the heat dissipation system. 

Figures 8 to 10 show the COP profile based on the 
inlet temperatures of the hot and cold water and the 
output of the chilled water, respectively.

Initially, it should be noted that the behavior in 
terms of magnitudes is the same as in other simulations, 
i.e., the inclusion of the refrigerant heat exchanger 
increases the COP by approximately 3%.

Note that the parallel configuration results in the 
chiller performing better when the cold water dissipation 
flow is the same in both cases, since this configuration 
guarantees the same capacity to dissipate heat in both 
components (absorber and condenser). This is because 
the performance of the absorption cycle is better when 
there is a parallel configuration of the heat dissipation 
circuit because the temperature of the inlet water that 
goes to the condenser and the absorber is the same, and 
also the mass flow rate has the same value. Thus, this 
gives the system more capacity to dissipate heat, i.e., 
the useful dissipation temperature is low and the total 
flow rate of the cooling water is high. As to the series 
configuration, the values of the inlet water temperature 
are different. This is because the water first flows into 
the absorber and after the heat in this component is 
dissipated, the water passes through the condenser but 
at a higher temperature than at its inlet. Therefore, the 
capacity of the condenser is lower than in the absorption 
cycle with the parallel heat dissipation configuration 
(absorber - condenser). This has been discussed in the 
literature (Domínguez-Inzunza et al., 2014; Herold et 
al., 2016; Chahartaghi et al., 2019).

Comparisons of the series and parallel 
configurations when analyzing the chiller with and 
without the refrigerant heat exchanger showed there 
was a maximum percentage increase of 5% when 
the temperature of the chilled water was varied and 
a minimum increase of 4% of the COP when the 
temperature of the cold water is varied.

COP Profile based on the mass flow rate of the 
ammonia-rich solution considering the dissipation 
temperature (cold water) and the chilled water 
temperature 

This section shows the influence of the increase 
in the mass flow rate of the solution on the COP, but 
considering the dissipation temperatures (in the range 
of 28-38°C) and chilled water temperatures (in the 
range of range 2-10°C) of the prototype chiller, see 
Figures 11-12.

Figures 11 and 12 show the influence of the 
temperatures of the dissipated water and the 
chilled water, considering the prototype absorption 
refrigeration system without the refrigerant heat 
exchanger.

Figures 13 and 14 show the influence of the 
temperatures of the dissipated water and the chilled 
water temperatures considering the prototype 
absorption refrigeration system with the refrigerant 
heat exchanger.

In general, Figures 13 and 14 show that the behavior 
is maintained due to including the refrigerant heat 
exchanger, which always provides higher COPs than 
the prototype without this heat exchanger, at the same 
operating conditions. This is because the prototype 

Figure 9. COP Profile (with and without refrigerant heat 
exchanger) varying the inlet cold water temperature 
considering the series and parallel configuration of the 
heat dissipation system.

Figure 8. COP Profile (with and without a refrigerant 
heat exchanger) varying the inlet hot water temperature 
considering the series and parallel configuration of the 
heat dissipation system.

Figure 10. COP Profile (with and without refrigerant 
heat exchanger) varying the inlet temperature of the 
inlet chilled water, considering the series and parallel 
configuration of the heat dissipation system.
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needs to generate more refrigerant vapor, i.e., a higher 
activation power is required (generator heat flow), but 
the heat removal rate decreases (Evaporator heat flow) 
due to the low temperatures of the chilled water and, 
therefore, there is a higher heat rate of dissipation in 
the prototype.

It is important to note that, on varying the 
temperature of the chilled water (cooling effect), its 
return is smaller, which directly affects the cooling 
capacity of the prototype, whenever the system design 
conditions are used.

COP profile based on the overheating at the outlet of 
the evaporator. 

This section shows the influence of overheating at 
the evaporator outlet on generating vapor and hence 
on the COP of the prototype considering a fixed flow 
of the ammonia-rich solution required by the solution 
pump and varying the inlet hot water temperature. In 
addition to analyzing the effect of overheating under 
the nominal conditions. 

Figure 15 shows the difference between the COP 
and the mass flow of the vapor produced in the 
generator (desorption process) of the chiller with and 
without overheating at the evaporator outlet based on 
the temperature of the hot water inlet, while Figure 16 
shows this difference under nominal conditions.

Figure 11. COP Profile (without rhe) varying the 
ammonia rich mass flow rate for dissipation water and 
chilled water temperatures at nominal conditions. 

Figure 12. COP Profile (without rhe) varying the 
ammonia rich mass flow rate for dissipation water and 
chilled water temperatures at different conditions.

Figure 13. COP Profile (with rhe) varying the ammonia 
rich mass flow rate for dissipation water and chilled 
water temperatures at nominal conditions. 

Figure 14. COP Profile (with rhe) varying the ammonia 
rich mass flow rate for dissipation water and chilled 
water temperatures at different conditions.

Figure 15. Comparison of the COP and vapor mass 
flow rate considering (with/without) overheating 
at the evaporator output varying the inlet hot water 
temperature, including the refrigerant heat exchanger 

Figure 16. Comparison of the COP and vapor mass 
flow rate considering (with/without) overheating at the 
evaporator output varying the overheating, considering 
nominal conditions.
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The effect of overheating at the outlet of the 
evaporator can be favorable in operational terms, 
since in energy terms this reduces the COP of the 
system compared to the COP of the chiller without 
this overheating. This effect can be understood by 
producing the refrigerant vapor of the generator 
(ammonia desorption process), since when the 
system overheats, it tends to produce less refrigerant 
vapor and, therefore, the refrigerating capacity in the 
evaporator is also reduced, leading to smaller COPs. 
This decrease is more relevant at low temperatures 
of the hot water (70-80°C) where the difference may 
be 18%, but at temperatures higher than 80°C, this is 
reduced by up to 3%. This fact can be attributed to 
vapor being generated, since the lower temperatures 
of the hot water will lead to refrigerant vapor being 
generated in both cases; however, whenever there 
is overheating, the rate at which refrigerant vapor is 
generated is even smaller.

Figure 16 shows the progressive degrading effect 
of COP on the chiller when overheating is introduced 
at the evaporator outlet, so that the generation of 
refrigerant vapor has a negative rate of production, 
leading to a lower capacity to remove the thermal heat 
from the evaporator and therefore reducing the COP of 
the system. This is proportional to the increase in this 
overheating at the evaporator outlet. In quantitative 
terms, the COP was reduced by approximately 6% 
since the overheating began to be added (0 to 5°C).

CONCLUSIONS

Implementing the thermodynamic modeling and the 
characteristic equation method enabled the behavior of 
the prototype absorption chiller to be determined with 
good accuracy. This was proven because the results 
obtained after comparing them were good for most 
of the operational range. In this paper, the parametric 
analysis of the prototype was presented. In summary, 
the most significant results of this study are as follows:

•	 Comparison of the results of thermal power 
activation and the cooling capacity of the prototype 
absorption chiller, obtained by theoretical modeling 
and the characteristic equation values was very good, 
since the errors found were lower by 5% for most of 
the range of operational conditions;

•	 The thermodynamic modeling and the 
characteristic equation method led to being able to 
determine the behavior of the prototype with good 
accuracy for all operational conditions;

•	 The effect of considering the configuration of the 
heat dissipation system (cold water) was slightly higher 
when the system operates in parallel rather than in series;

•	 The increase in the amount of the mass flow 
of the solution (solution rich in NH3) led to a decrease 
in the COP of the chiller, in a nearly linear way. This 
phenomenon occurs due to the dimensions of the heat 

exchangers (previously defined), i.e., the capacity of 
the heat exchanger was exceeded, which resulted in 
the COP of the chiller decreasing;

•	 The addition of the refrigerant heat exchanger 
to the prototype absorption refrigeration enabled the 
COP of the chiller to increase by approximately 3%.
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NOMENCLATURE

A	 Ratio enthalpy differences of the absorber,
	 dimensionless
B	 isotherm slope in Duhring Chart -
	 “Coefficient of Duhring”, dimensionless
C	 Ratio enthalpy differences of the condenser,
	 dimensionless
G	 Ratio enthalpy differences of generator,
	 dimensionless
Z	 Intersept of the Duhring Equation,
	 dimensionless
COP	 Coefficient of Performance, dimensionless 
m	 Mass flow rate [kg.s-1]
h	 Enthalpy [kJ.kg-1.K-1]
Q	 Heat Flow [kW]
S	 Characteristic parameter - Proportion of
	 the overall heat transfer coefficient of each
	 component [kW.K-1]
T	 arithmetic mean internal temperature [°C]
t	 arithmetic mean external temperature [°C]
UA	 Heat transmission [kW.K-1]
∆t	 Temperature difference [K]
∆∆t	 Total temperature difference or
	 characteristic temperature function [K]
∆Tlm	 Logarithmic mean temperature difference
	 [°C]
NH3	 ammonia
LiNO3	 Lithium nitrate
X	 Concentration of the solution [%]

Greek Symbols 
a	 Characteristic parameter - Distribution of
	 the overall heat transfer coefficient
	 inside the chiller [kW.K-1]

.

.
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Subscripts
A, a, C, c, G, g, E, e	 Generator, absorber,
	 evaporator, condenser
ec	 Characteristic equation
gec	 Generator characteristic
	 equation
eec	 Characteristic equation
	 of the evaporator
diss, chi	 Dissipated, chilled
max, loss	 Maximum and loss heat
ref	 Refrigerant 
sol	 Solution
thrust, lift	 Thrust and lift
	 temperature
strong, weak	 Strong and weak
	 solution
minE	 Minimum evaporator
she, rhe	 Solution heat exchanger
	 and refrigerant heat 
	 exchanger
in, out	 Inlet and outlet stream
X	 Components 
hot, cold 	 Hot and cold fluids 
sat	 Saturation state
exp	 Data from the
	 experimental test
Sim	 Data obtained from the
	 simulation
ch, ac	 Chilled and cold water
	 stream
e_exp_corr, g_exp_corr	 Adjusted experimental
	 correlation - Evaporator
	 and generator
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