
Rev. Téc. Ing. Univ. Zulia. Vol. 37, No. 1, 2014

Rev. Téc. Ing. Univ. Zulia. Vol. 37, Nº 1, 38 - 47, 2014

Energy and exergy analysis of the performance 
of 10 TR lithium bromide/water absorption chiller

Alvaro Antonio Ochoa Villa1,2, José Carlos Charamba Dutra1, 
 Jorge Recarte Henriquez Guerrero1

1Mechanical Engineering Department, Federal University of Pernambuco, 
 Recife, PE, CEP 50670-901. Brazil, Phone: (58) 81-2126-8230. 

2Mechanical Department, Federal Institute of Pernambuco, 
Recife, PE, CEP 50740-540. Brazil, Phone: (58) 81-2125-1750. 

ochoaalvaro@hotmail.com; charama@gmail.com; rjorge@ufpe.br

Abstract
This work aims at the theoretical study on the performance of an single stage absorption chiller (LiBr-

H2O), driven by hot water. A mathematical model was developed based on the principles of energy conserva-
tion, entropy, mass and species, by various functions for determining the thermophysical properties, and 
transfer coefficients of heat exchangers. The model equations were solved in EES-32 program (engineering 
equation solver version 32). The program data generated by the variation of the inlet temperature of hot 
water were used for the determination of a range of values of energy and exergy COP system whose maxi-
mum were 0.7406 and 0.2409, respectively. The model was also able to assess the influence of temperature 
and solution concentration of the absorption machine. The analysis revealed that the main irreversibilities 
were found in the cooling tower, generator and absorber, with values of 34, 32 and 16% respectively. The 
lower level of the irreversibility of the system was found in the solution pump with 1% relative to the total 
value of the system.

Keywords: absorption chiller, exergy, simulation, COP.

Análisis energético y exergético del desempeño 
de una máquina de absorción de 10TR utilizando 

la mezcla de bromuro de litio y agua

Resumen
Este trabajo tiene como objetivo el estudio teórico sobre el funcionamiento de una máquina de absor-

ción (LiBr-H2O) de una sola etapa, impulsada por agua caliente. Para esto, se ha desarrollado un modelo 
matemático con base en los principios de conservación de la energía, la entropía, la masa y especies, por 
diversas funciones para la determinación de propiedades termofísicas, y de los coeficientes de convección 
de intercambiadores de calor. Las ecuaciones del modelo fueron resueltas en el programa EES-32 (engi-
neering equation solver version 32). Los datos del programa generados por la variación de la temperatura 
de entrada del agua caliente, permitió la determinación de un intervalo de valores del COP energético y 
exergético del sistema, donde sus máximos fueron 0.7406 y 0.2409, respectivamente. El modelo también 
fue capaz de evaluar la influencia de la temperatura y concentración de la solución de la máquina de ab-
sorción. El análisis reveló que las principales irreversibilidades se encontraron en la torre de refrigeración, 
generador, y el absorbedor, con valores de 34, 32 y 16% respectivamente. El nivel inferior de la irreversi-
bilidad del sistema se encontró en la bomba de la solución con 1% en relación al valor total del sistema.

Palabras clave: máquina de absorción, exergia, simulación, COP.
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Introduction

In recent years, the industrial refrigeration 
sector has been increasingly interested in using 
absorption chillers as an alternative to the inten-
sive use of compression systems. The main rea-
son for this lies in the operational principle of ab-
sorption systems that use thermal energy as the 
main source of energy as opposed to compression 
systems for which the main power source is elec-
tricity. Thus, absorption systems can make use of 
waste heat when such a system is integrated into 
systems using cogeneration or alternative forms 
of energy such as solar energy for their operation. 
Although absorption chillers are commercially 
available, the technology for them is not yet fully 
mature and many research studies are still be-
ing conducted seeking to improve the energy ef-
ficiency of these devices. An important number of 
these studies has been developed by using experi-
mental methods [1-4]; among other studies, how-
ever, given the increase in computational power, 
research involving numerical analysis comple-
menting those that have taken an experimental 
approach [5-8]. Most of the studies reported in 
the literature have focused on the analysis of a 
single effect or a double effect absorption chiller, 
by including the fluid pair lithium bromide and 
water (LiBr/H2O) [5-10]. In his study, Gomri [7], 
in addition to analyzing of single and double ef-
fect systems also made an analysis of a triple ef-
fect system. Wang et al. [11], analyzed the dynamic 
characteristics of an adsorption chiller using the 
pair silica gel and water, and solar power as the 
primary source of energy. Regarding the sources 
of thermal energy used, several studies have ana-
lyzed the performance and operating characteris-
tics of an absorption chiller that runs on solar en-
ergy. Examples of this are the studies by Bermejo 
et al. [12] and Ali et al. [3] which has investigated 
the behavior of a system that produces chilled 
water for air conditioning. This system consisted 
of two solar-powered absorption chillers: one, 
double acting and the other, single acting. Marc 
et al. [13] also examined the use of solar energy 
in absorption systems and evaluated the influence 
of external parameters such as: solar radiation, 
room temperature. On the other hand, Edem et 
al. [14] reported a numerical study on the use of a 
solar-powered absorption chiller for the purpose 
of storing thermal energy. Further, Izquierdo et al. 

[15] described a prototype absorption system and 
its performance when directly powered by burn-
ing natural gas. The energy optimization of any 
thermal system is essential for the rational use of 
energy, lower environmental impacts, and operat-
ing costs. This can be achieved by analyzing the 
energy and/ or exergy balance of the system. Ac-
cording to several authors [8, 16], energy analysis 
provides a quantitative perspective of the energy 
used in the processes, but an exergetic analysis is 
necessary to estimate where energy losses occur, 
and how these systems may be enhanced to en-
sure a better use of energy supplied to the system. 
Therefore, several studies involving the analysis 
of energy and exergy of absorption systems have 
been published in the literature, amongst which 
of special note are the studies presented by [7, 
10, 17, 18]. Therefore, this paper aims to theo-
retically study the operation of a 10 ton cooling 
capacity single effect absorption chiller that uses 
the LiBr/H2O pair, driven by hot water, for which 
the source of heat is the exhaust gases of a 30 kW 
micro natural gas-turbine, located in the micro co-
generation laboratory of the Federal University of 
Pernambuco, Brazil.

Methodology

The method involves the energy and exergy 
analysis, of the absorption chiller in steady state 
including the correlation for the determination of 
the global coefficients heat exchangers, and finally 
the description of the coefficient of performance 
energy and exergetic of the chiller.

Energy analysis

This paper presents numerical results of an 
energy and exergy simulation of a 10 RT cooling 
capacity single effect absorption chiller, using sim-
ulation software developed for this purpose, for 
which the mathematical model is detailed in the 
next subsection. A single effect absorption refrig-
eration system works at low pressures. It consists 
of a generator, a condenser, an absorber, an evapo-
rator, an expansion valves, pumps and an external 
device (cooling tower), as shown in Figure 1. The 
operation takes place using three independent cir-
cuits (hot, cold, and chilled water), and the cir-
cuit of the LiBr-H2O solution. The properties of 
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the LiBr-H2O solution were determined using the 
methodology presented by Kim and Infante [19].

The driving force that initiated the refrigera-
tion cycle, was supplied from the hot water gener-
ated in a cogeneration system, shown by points 
11 and 12 in Figure 1, and exchange heat with 
the solution, by heating it and spraying it through 
the heat exchanger inside the generator. The gen-
erated steam is condensed by the heat exchange 
with cold water, and passes through an expansion 
valve, thus lowering the temperature and pres-
sure, and becoming a biphasic fluid. Then, moves 
on to the evaporator, which allows the cooling of 
the chilled water as it passes through it. In the 
absorber, the solution becomes stronger and is 
mixed with the steam coming from the evaporator, 

and pumped to the generator, where the process 
begins again. The heat exchanger between the gen-
erator and absorber, improves the efficiency of the 
chiller, by preheating the weak solution that re-
turns to the generator. The cooling tower removed 
the external heat of the chiller. For all the thermo-
dynamic states of the working fluid, of the single 
effect absorption system, a number of consider-
ations were assumed that are shown in Table 1.

Mathematical modeling of the system  
of single stage

The modeling of this system was performed 
by applying the balances of energy, mass and spe-
cies in all of the components of the absorption 
chiller, based on some simplifying assumptions, 
listed below:

 – The process of pumping of the solution is 
considered isentropic;

 – The heat exchange with the surroundings is 
negligible;

 – The variations in kinetic and potential ener-
gy are negligible;

 – The entire process occurs in steady state;

 – The refrigerant circuit, i.e. states 7, 8, 9 and 
10, is driven only by water (0% LiBr) be-
cause the boiling point of the salt (LiBr) of 
1280°C is not reached in the generator [10, 
17, 20, 21, 30].

The process of heat and mass transfer is 
performed by the heat exchangers (Generator, Ab-

Figure1. Single Stage Absorption Cycle. 
 Ochoa [20].

Table 1 
State and substance at each point on the simple effect absorption cycle applied 

to the model shown in Figure 1

Point State Substance

1 Saturated liquid solution Weak concentration LiBr/H2O solution

2 Subcooled liquid solution Weak concentration LiBr/H2O solution

3 Subcooled liquid solution Weak concentration LiBr/H2O solution

4 Saturated liquid solution Strong concentration LiBr/H2O solution

5 Subcooled liquid solution Strong concentration LiBr/H2O solution

6 Vapor-liquid solution state Strong concentration LiBr/H2O solution

7 Superheated water vapor Water Vapor 

8 Saturated liquid water Water

9 Vapor-liquid water Water

10 Saturated water vapor Water Vapor
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sorber, evaporator and condenser) as a key part 
in the energy analysis of systems. It could be ex-
pressed as a function of the exchange area, loga-
rithmic difference and overall coefficient:

�̇�𝑄𝑖𝑖 = 𝑈𝑈𝑖𝑖𝐴𝐴𝑖𝑖∆𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖   (1)

The overall coefficient of heat transfer () is a 
function of the thermal convection resistances, the 
conduction resistance due to the wall of the pipe, 
and the fouling factors (F). According to Florides 
et al. [21], the fouling factors for the solution used 
in this work can be assumed to be equal to 0.09 
m2K/kW.

𝑈𝑈𝑖𝑖 =
1

1
𝛼𝛼𝑖𝑖𝑖𝑖

 + 𝐹𝐹𝑖𝑖𝑖𝑖 + 1
2 ∙ 𝑘𝑘𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡

∙ 𝐷𝐷𝑖𝑖𝑖𝑖 ∙ ln𝐷𝐷𝑜𝑜𝑡𝑡𝑡𝑡𝐷𝐷𝑖𝑖𝑖𝑖
 + 𝐹𝐹𝑜𝑜𝑡𝑡𝑡𝑡 ∙

𝐷𝐷𝑖𝑖𝑖𝑖
𝐷𝐷𝑜𝑜𝑡𝑡𝑡𝑡

+ 1
𝛼𝛼𝑜𝑜𝑡𝑡𝑡𝑡

∙ 𝐷𝐷𝑖𝑖𝑖𝑖𝐷𝐷𝑜𝑜𝑡𝑡𝑡𝑡

 

 

   (2)

To determine the convective coefficients, a 
study was made to choose the correlations most 
suitable for both the inside and outside of the 
heat exchanger pipes. In circuits of hot, cold and 
chilled water inside the exchanger tubes (gen-
erator, evaporator, condenser and absorber), the 
Petukhov-Popov correlation [22] was used to de-
termine the convection coefficient.

𝑁𝑁𝑡𝑡����𝐷𝐷 =
(𝑓𝑓 8⁄ )𝑅𝑅𝑡𝑡𝐷𝐷 ∙ 𝑃𝑃𝑃𝑃

𝐾𝐾1 + 𝐾𝐾2 ∙ (𝑓𝑓 8⁄ )0.5 ∙ (𝑃𝑃𝑃𝑃2 3⁄ − 1)   (3)

where,

𝑓𝑓 = (1.82 ∙ log10 𝑅𝑅𝑡𝑡𝐷𝐷 − 1.64)−2; 
 

𝐾𝐾1 = 1 + 3.4𝑓𝑓;  𝐾𝐾2 = 11.7 + �1.8 𝑃𝑃𝑃𝑃1 3⁄⁄ �  (4)

For Reynolds number 104 < ReD < 5 × 106, 
and Prandtl’s number 0.5 < Pr < 2000. The ther-
mophysical properties are evaluated for the aver-
age temperature.

For the internal flow of the circuits of cold, 
hot and chilled water of the chiller, it was assumed 
that the flow was fully developed and turbulent. 
To determine the convective coefficient of the LiBr 
solution-H2O of the absorber coil, Wike’s correla-
tion [21].

𝛼𝛼𝑠𝑠𝑜𝑜𝑇𝑇 ,𝑎𝑎𝑡𝑡𝑠𝑠 =
𝑘𝑘𝑠𝑠𝑜𝑜𝑇𝑇

�3𝜇𝜇Γ
𝜌𝜌2𝑔𝑔�

1 3⁄
 
�0.029 �

4Γ
𝜇𝜇

 �
0.53

𝑃𝑃𝑃𝑃𝑠𝑠𝑜𝑜𝑇𝑇0.344�  (5)

To determine the convective coefficient of 
LiBr solution-H2O of the generator coil, use was 

made of the correlation Wang et al. (1996) apud 
in [23].

𝛼𝛼𝑠𝑠𝑜𝑜𝑇𝑇 ,𝑔𝑔𝑡𝑡𝑖𝑖 = 5554.3 × Γ0.236   (6)

where, the parameter (G) represents the internal 
fluid mass flow per unit of wet length.

To determine the convective coefficient of the 
H2O of the condenser coil, the correlation present-
ed by Özisik [24] was used directly and is given 
by:

𝛼𝛼𝑃𝑃𝑡𝑡𝑓𝑓 ,𝑐𝑐𝑜𝑜𝑖𝑖 = 0.725�
𝑔𝑔𝜌𝜌𝑇𝑇(𝜌𝜌𝑇𝑇 − 𝜌𝜌𝑣𝑣)ℎ𝑇𝑇𝑣𝑣𝑘𝑘𝑇𝑇
𝜇𝜇𝑇𝑇(𝑇𝑇𝑣𝑣 − 𝑇𝑇𝑤𝑤)𝐷𝐷𝑜𝑜𝑡𝑡𝑡𝑡

�
0.25

   (7)

In Eq. 7, all the properties should be evalu-
ated for the average temperature between the tem-
perature of the wall surface and the saturation 
temperature of steam.

For the evaporator coil, the correlation men-
tioned in [25] was used.

𝑁𝑁𝑡𝑡 = 0.3 +
�0.62𝑅𝑅𝑡𝑡0.5𝑃𝑃𝑃𝑃1 3⁄ �

[(1 + (0.4 𝑃𝑃𝑃𝑃⁄ )2/3)0.25(1 + (𝑅𝑅𝑡𝑡 282000⁄ )0.5)]  (8)

This correlation is applicable for the Reyn-
olds number 104 < ReD < 4 × 105.

In the heat exchanger between the weak and 
strong solution, which uses a double pipe heat ex-
changer, the correlations applied were those pre-
sented by Dittus-Boelter [26].

Balance Equations of the absorption  
refrigeration system

The absorption refrigeration system con-
sists in heat exchangers, and these components 
govern the cycle. Therefore, the modeling will be 
presented as shown in Figure 2 [20].

�̇�𝑇𝐻𝐻,𝑖𝑖𝑖𝑖 = �̇�𝑇𝐻𝐻,𝑜𝑜𝑡𝑡𝑡𝑡     (9)

�̇�𝑇𝑤𝑤𝑡𝑡𝑎𝑎𝑘𝑘 = �̇�𝑇𝑠𝑠𝑡𝑡𝑃𝑃𝑜𝑜𝑖𝑖𝑔𝑔 + �̇�𝑇𝑃𝑃𝑡𝑡𝑓𝑓    (10)

𝑋𝑋𝐿𝐿𝑖𝑖𝐿𝐿𝑃𝑃 ,𝑤𝑤𝑡𝑡𝑎𝑎𝑘𝑘 �̇�𝑇𝑤𝑤𝑡𝑡𝑎𝑎𝑘𝑘 = 𝑋𝑋𝐿𝐿𝑖𝑖𝐿𝐿𝑃𝑃 ,𝑠𝑠𝑡𝑡𝑃𝑃𝑜𝑜𝑖𝑖𝑔𝑔 �̇�𝑇𝑠𝑠𝑡𝑡𝑃𝑃𝑜𝑜𝑖𝑖𝑔𝑔    (11)

�̇�𝑄𝑖𝑖 = �̇�𝑇𝐻𝐻�ℎ𝐻𝐻,𝑖𝑖𝑖𝑖 − ℎ𝐻𝐻,𝑜𝑜𝑡𝑡𝑡𝑡 �   (12)

�̇�𝑄𝑖𝑖 = �̇�𝑇𝑠𝑠𝑡𝑡𝑃𝑃𝑜𝑜 𝑖𝑖𝑔𝑔ℎ𝑠𝑠𝑡𝑡𝑃𝑃𝑜𝑜𝑖𝑖𝑔𝑔 + �̇�𝑇𝑃𝑃𝑡𝑡𝑓𝑓 ℎ𝑃𝑃𝑡𝑡𝑓𝑓 − �̇�𝑇𝑤𝑤𝑡𝑡𝑎𝑎𝑘𝑘 ℎ𝑤𝑤𝑡𝑡𝑎𝑎𝑘𝑘   (13)
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�̇�𝑄𝑖𝑖 = 𝑈𝑈𝐴𝐴𝑖𝑖 ∙
�𝑇𝑇𝑖𝑖𝑖𝑖 ,𝐻𝐻 − 𝑇𝑇𝑜𝑜𝑡𝑡𝑡𝑡 ,𝐶𝐶� − �𝑇𝑇𝑜𝑜𝑡𝑡𝑡𝑡 ,𝐻𝐻 − 𝑇𝑇𝑖𝑖𝑖𝑖 ,𝐶𝐶�

𝐿𝐿𝑖𝑖 �
�𝑇𝑇𝑖𝑖𝑖𝑖 ,𝐻𝐻 − 𝑇𝑇𝑜𝑜𝑡𝑡𝑡𝑡 ,𝐶𝐶�
�𝑇𝑇𝑜𝑜𝑡𝑡𝑡𝑡 ,𝐻𝐻 − 𝑇𝑇𝑖𝑖𝑖𝑖 ,𝐶𝐶�

�
  (14)

Exergy analysis

The study of exergy is defined as the max-
imum useful amount of energy used in thermal 
processes [27]. This exergy is divided into four 
parts: physical, chemical, kinetic and potential. 
Physical exergy is the maximum useful work when 
a system leaves its original state and reaches ther-
mal equilibrium with the environment, a standard 
atmosphere (Dead State T0, p0). [27]. The dead 
state has an atmospheric pressure of 101.3 kPa 
and a temperature of 25°C.

𝑡𝑡𝑒𝑒𝑝𝑝ℎ = (ℎ − ℎ0) − 𝑇𝑇0(𝑠𝑠 − 𝑠𝑠0)   (15)

Chemical Exergy consists of bringing each 
state from neutral (T0, p0), to a standard state of 
the atmosphere (T0, p0xYi), where the term (p0xYi) 
represents the partial pressure of the element or 
substance. This part (chemical exergy) was con-
sidered due to changes in the concentration of the 
LiBr-H2O solution of the system.

𝑡𝑡𝑒𝑒𝑐𝑐ℎ =
1

𝑀𝑀𝑠𝑠𝑜𝑜𝑇𝑇
[ (𝑦𝑦𝐿𝐿𝑖𝑖𝐿𝐿𝑃𝑃 ∙ 𝜀𝜀�̃�𝐿𝑖𝑖𝐿𝐿𝑃𝑃𝑠𝑠𝑡𝑡 + 𝑦𝑦𝑖𝑖 ∙ 𝜀𝜀�̃�𝐻2𝑂𝑂

𝑠𝑠𝑡𝑡 ) + 

 
   (16)

To calculate the chemical Exergy of lithium 
bromide as a pure component the equation 16 
is applied [27, 28]. The results of the exergy of 
lithium, bromide and water are, 393000, 101200 
and 900 kJ/kmol, respectively. Total Exergy repre-

sents the sum of the physical and chemical exergy 
of the state, and is expressed by: 

extot = exph + exch   (17)

The combination of the First and Second 

Laws of Thermodynamics can be expressed by:

𝐼𝐼�̇�𝑑 = ��1 −
𝑇𝑇0

𝑇𝑇𝑗𝑗
�

𝑗𝑗

�̇�𝑄𝑗𝑗 − ��̇�𝑊𝑣𝑣𝑐𝑐 − 𝑝𝑝0 ∙
𝜕𝜕𝜕𝜕
𝜕𝜕𝑡𝑡
� 

       �(�̇�𝑇 ∙ 𝑡𝑡𝑒𝑒𝑡𝑡𝑜𝑜𝑡𝑡 ) −�(�̇�𝑇 ∙ 𝑡𝑡𝑒𝑒𝑡𝑡𝑜𝑜𝑡𝑡 )
𝑜𝑜𝑡𝑡𝑡𝑡𝑖𝑖𝑖𝑖

  (18)

This equation 18 is used to determined the 
total exergy destruction of the system )( dI .

Exergetic efficiency (Yex)

It is used for the construction of indicators 
which reflect the ways how the unit consumes its 
energy inputs. The equation 19 is used to deter-
mine the exergetic efficiency [27].

𝛹𝛹𝑡𝑡𝑒𝑒 =
∑∆𝐸𝐸𝑒𝑒𝑜𝑜𝑡𝑡𝑡𝑡̇  
∑∆𝐸𝐸𝑒𝑒𝑖𝑖𝑖𝑖̇   

    (19)

Efficiency defect (dex)

This is the ratio of the output exergy and 
inputs exergy (activating) of the system [27], the 
equation (20) is used to determine the efficiency 
defect.

𝛿𝛿𝑡𝑡𝑒𝑒 =
∑ 𝐸𝐸�̇�𝑒𝑡𝑡𝑜𝑜𝑡𝑡 ,𝑜𝑜𝑡𝑡𝑡𝑡 + ∑ �̇�𝑊𝑜𝑜𝑡𝑡𝑡𝑡 + �1 − 𝑇𝑇0

𝑇𝑇𝑗𝑗 ,𝑜𝑜𝑡𝑡𝑡𝑡
� �̇�𝑄𝑗𝑗𝑜𝑜𝑡𝑡𝑡𝑡𝑜𝑜𝑡𝑡𝑡𝑡

∑ 𝐸𝐸�̇�𝑒𝑡𝑡𝑜𝑜𝑡𝑡 ,𝑖𝑖𝑖𝑖 + ∑ �̇�𝑊𝑖𝑖𝑖𝑖 + �1 − 𝑇𝑇0
𝑇𝑇𝑗𝑗 ,𝑖𝑖𝑖𝑖

� �̇�𝑄𝑗𝑗𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖

 

  

   (20)

Irreversibility (Id_rel)

The equation 21 is used to determine the 
relative irreversibility of the systems. [27]

𝐼𝐼𝑑𝑑_𝑃𝑃𝑡𝑡𝑇𝑇 =
𝐼𝐼𝑑𝑑
𝐼𝐼𝑡𝑡𝑜𝑜𝑡𝑡

     (21)

Coefficient of performance 
(COP and COPex)

The equations 22 and 23 show the energy 
and exergy COP of the system.

𝑅𝑅�𝑇𝑇0 ∙ (𝑦𝑦𝐿𝐿𝑖𝑖𝐿𝐿𝑃𝑃 𝑇𝑇𝑖𝑖 𝑎𝑎𝐿𝐿𝑖𝑖𝐿𝐿𝑃𝑃 + 𝑦𝑦𝐻𝐻2𝑂𝑂 𝑇𝑇𝑖𝑖 𝑎𝑎𝐻𝐻2𝑂𝑂)] 

Figure 2. Heat exchangers of the absorption 
chiller [20].
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𝐶𝐶𝑂𝑂𝑃𝑃 =
�̇�𝑄𝑡𝑡𝑣𝑣𝑎𝑎

�̇�𝑄𝑔𝑔𝑡𝑡𝑖𝑖 + �̇�𝑊𝑝𝑝𝑠𝑠
    (22)

𝐶𝐶𝑂𝑂𝑃𝑃𝑡𝑡𝑒𝑒 =
Δ𝐸𝐸𝑒𝑒tot ,evaporator

Δ𝐸𝐸𝑒𝑒tot ,gen + �̇�𝑊𝑝𝑝𝑠𝑠
   (23)

Analysis and discussion 
of results of the modeling

To validate the computational model, the 
data of the manufacturer of chiller the WFC-SC10 
chiller were taken, and thereafter a simulation 
was made of the COP as a function of the output 
temperature of the chilled water and input tem-
perature of the hot water. The results are shown 
in Figure 3a and 3b. [29].

As can be seen in Figure 3a and 3b, the 
manufacturer’s values and those simulated are 
very similar being a difference of the 3% or less 
between them, thus confirming the validation of 
the model proposed for the single effect absorp-
tion chiller. Having shown that the model (Figures 
3a and 3b) is able to reproduce the performance 
of the absorption chiller, the simulation will dem-
onstrate a general case of the absorption system 
used to determine the energetic and exergetic 
flows, based on the conditions given in Table 2.

Table 3 shows the energetic flows of each 
component of the absorption system, irreversibil-
ity, effectiveness of the heat exchangers, exergy ef-
ficiency, and the Efficiency defect.

It can be seen that the heat flow from the 
cooling tower has the higher value. It is re-af-
firmed that the consumption of electricity by the 

Table 2 
Simulation conditions

Data Value Data Value

Strong Concentration (%) 60 Inlet temperature of the hot water circuit (°C) 88

Weak Concentration (%) 56 Outlet temperature of the cold water circuit (°C) 35

High Pressure (kPa) 6.00 Internal temperature of the condenser (°C) 36

Low Pressure (kPa) 0.80 Internal temperature of the evaporator (°C) 3.89

Generator Diameter (mm) 40 Water flow generator (kg/s) 2.39

Evaporator Diameter (mm) 40 Water flow from the evaporator (kg/s) 1.52

Condenser Diameter (mm) 50 Water Flow of condenser (kg/s) 5.08

Steel-Piping - Water flow of the absorber (kg/s) 5.08
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Figure 3. a) Comparison of the COP between the data supplied by the manufacturer and those obtained by 
the simulation, for a hot water temperature of 95°C. b) Comparison of the COP between the data supplied 

by the manufacturer and those obtained by the simulation, for a chilled water temperature of 7°C.
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chiller is significantly lower due to the power con-
sumed by the pump of the solution being low, this 
having no influence on the COP of the chiller. Fur-
thermore, this shows the importance of the LiBr-
H2O solution heat exchanger, since this enables 
an amount of energy (13.31 kW) to be re-used 
for pre-heating the weak solution of lithium bro-
mide, thus increasing the COP [30]. With regard to 
the exergy analysis, the components that provide 
greatest irreversibility were the generator, absorb-
er and cooling tower. These values are due to the 
heat that is rejected on them, and the ebullition 
solution absorption process on the generator and 
absorber, resulting in losses that are significant in 
the process. The effectiveness is calculated by the 
definition of the heat exchangers.

The Figures 4 show the results of the sys-
tem analysis as a result of involving the variation 
in the hot water temperature (energy input) which 
may influence the thermal behavior of the system. 
This parameter is analyzed by considering its ef-
fect on the COP and Exergy. Figure 4 shows the 
behavior of energy and exergy COP due to the in-
let temperature of the hot water inlet. It may be 
noted that the value of the energy COP tends to 
increase as the temperature of the hot water inlet 
(using the values recommended by the manufac-
turer [29]) increases until it reaches a maximum 
value of 0.746 (Tgen = 85°C), and subsequently de-
creases to 0.736. As expected, the variation of the 
exergetic COP shows the same trend as the energy 
COP of the system, since the factors that deter-

mine its value is a function of the flows from the 
evaporator and generator.

The COP exergy decrease is due to the irre-
versibilities presented by the generator, absorber 
and cooling tower (Table 3). In the case of the exer-
getic COP, the exergy destroyed in each component 
(generator and evaporator) is taken into account 
while energetic COP cannot consider these losses.

The results shown are similar to those pre-
sented in [10, 17, 29], i.e., the behavior of the 
curves shows the same trend in each case studied, 
thus revealing that an energy and exergy analysis 
have been applied to the absorption refrigeration 
system. Another factor to consider is the variation 
of the destruction of Exergy in the generator (Id_gen) 

Table 3 
Results of energy and exergy analysis for system components

Component E (kW) Id (kW) Id-rel (%) e Y d

Generator 50.43 4.53 31.98 0.63 0.47 0.98

Condenser 39.75 0.32 2.23 0.64 0.79 0.99

Absorber 48.27 2.309 16.31 0.61 0.92 0.99

Evaporator 37.10 0.82 5.81 0.68 0.71 0.98

Heat Exchanger 13.31 0.55 3.87 0.72 0.64 0.99

Refrigerant Valve n/a 0.13 0.89 n/a 0.13 0.84

Solution Valve n/a 0.16 1.12 n/a 0.16 0.99

Solution Pump 0.001 0.001 0.01 n/a 1 1

Cooling Tower Pump 0.96 0.54 3.83 n/a 0.44 0.99

Cooling Tower 88.02 4.81 33.95 0.49 0.98 0.99
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Figure 4. Behavior of the COP 
of the absorption cooling system as a function 

of the inlet temperature of the hot water.
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and the total destruction (Id_total) when varying the 
hot water inlet temperature of the generator. Fig-
ure 5 shows the increase in the Exergy destruc-
tion of the generator and the total, to the extent 
that there is an increase in the hot water inlet tem-
perature due to an increase in entropy generation. 
This is due to the increase of the temperature dif-
ference between the hot water and the dead point, 
which results in an increase in the total irrevers-
ibility of the absorption system.

The COP energy value obtained was 0.74 
and for the exergy, it was 0.24. The total value of 
Exergy lost or the total irreversibility of the system 
was 14.16 kW.

Conclusions
The model proved effective in the simulation 

of a single effect absorption chiller, using the pair 
lithium bromide-water, in the steady state, with 
good precision as it provided errors of less than 
6% in the coefficient of performance compares to 
the data specified. The COP energy and exergy of 
the absorption chiller were 0.74 and 0.24, respec-
tively, with a hot water inlet temperature to the 
generator of 88°C, a chilled water temperature 
of 6.79°C and a water temperature in the cooling 
tower of 30.86°C. The highest levels of irrevers-
ibility of the absorption system were found in the 
cooling tower, generator and the absorber, these 
having values of 34, 32 and 16% respectively. It 
was the pump of the solution that was the com-
ponent that provided the lowest level of irrevers-
ibility, namely a value of 1% related to the total, in 
the case simulated. These data can be used to pro-
pose improvements to the efficiency of the chiller.
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