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The water-LiBr absorption machine was analyzed with the purpose of identifying the en-
dogenous, exogenous, avoidable and unavoidable fractions of the exergy destruction. The
latter was observed to be largely of endogenous nature, with the desorber and absorber being
the major contributors. When the difference between the absorption and condensation tem-
peratures was raised, both the first and second law efficiencies degraded. Furthermore, the
absorber endogenous avoidable irreversibility was much larger than that at the desorber
when the absorption temperature was lower than the condensation temperature, and the
situation reversed when the absorption temperature became higher than the condensa-
tion temperature. The same trends were observed in terms of the exogenous avoidable exergy
destruction. However, the endogenous unavoidable exergy destruction at the absorber was
initially smaller than that at the desorber, and the two components equally contributed to
the total endogenous unavoidable irreversibility when the absorption temperature became
higher than the condensation temperature.
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Nomenclature

Ccop coefficient of performance [-] W mechanical power [kW]

ECOP  exergy efficiency [-] X mass fraction of water in working fluid [-]

E exergy flow rate [kW]

e specific exergy [k] kg!] Subscripts

f circulation ratio [-] Abs absorber

h specific enthalpy [k] kg™ Cond condenser

m mass flow rate [kg s™] D destruction

P pressure [kPa] Des desorber

Q heat transfer rate [kW] Evap evaporator

s specific entropy [k] kgt K] infout going into/leaving component

T temperature [°C, K] Pump pump

showed that 5.2 MW waste heat can be recovered from a 9 MW

1. Introduction

A considerable number of studies have been conducted to in-
vestigate different aspects of absorption cooling machines.
According to Sun et al. (2012), the absorption refrigeration prin-
ciple was introduced in the 1700s based on the observation that
ice could be produced by evaporating pure water from a sul-
furic acid solution in an evacuated vessel. In 1860, Ferdinand
Carré patented an ammonia-water absorption machine. The
water-lithium bromide absorption cycle, hereafter referred to
as water-LiBr cycle, was introduced in 1950. Current fast growing
environmental awareness in the society and increasing fossil
fuel costs are motivating a renewed interest for absorption re-
frigeration. In fact, one of the most important advantages of
absorption refrigeration machines compared to conventional
vapor compression machines is that they can be powered by
low grade heat sources, such as solar energy, geothermal energy
and residual heat rejected by industrial processes.

Research on absorption refrigeration is partially oriented
toward the search for the most efficient refrigerant-absorbent
pairs, the requirements of which include chemical stability,
low-toxicity, high affinity for the refrigerant at low tempera-
ture and easy separation at high temperature (Srikhirin et al.,
2001; Sun et al., 2012). Ammonia-water and water-lithium
bromide emerge as the most efficient working fluid pairs in
most applications, while hydrofluorocarbons in ionic solu-
tions (Kim et al., 2013), R134a-dimethyformamide (Meng et al.,
2013), monomethylamine-water (Pilatowsky et al., 2001) and
alkane mixtures (Chekir and Bellagi, 2011) are also present in
the literature. On a different note, Chekir and Bellagi (2011) pro-
posed a cycle design modification, with the rectifier being cooled
by the weak solution before it enters the desorber. The ben-
efits of inserting recovery heat exchangers between the desorber
and the absorber and/or between the condenser and the evapo-
rator have also been examined by Sozen (2001). Other design
modifications include half, single, multiple and variable effect
cycles, combined compression-absorption cycles, combined
ejector-absorption cycles, etc. (Sirwan et al., 2013; Xie et al,,
2012; Xu et al., 2013). Sozen et al. (2004) demonstrated that solar
energy could be used to drive an ejector-absorption system over
8-9 months per year in Turkey. Kalinowski et al. (2009) also

gas turbine to generate cooling using an absorption refrigera-
tion machine. Other combined absorption cooling and power
generation applications are available in the scientific litera-
ture (Zhang and Lior, 2004), as well as on the commercial market
(Margalef and Samuelsen, 2010).

Most published studies on absorption refrigeration as-
sessed the efficiency solely based on the coefficient of
performance (COP) (Kalinowski et al., 2009; Kim et al., 2013;
Margalef and Samuelsen, 2010; Meng et al., 2013; Sirwan et al.,
2013; Xie et al., 2012; Xu et al., 2013). Kaushik and Arora (2009)
analyzed a water-LiBr absorption cooling machine and ob-
served that the COP increased with the desorber temperature
and decreased when the absorber temperature increased.
Bulgan (1995) observed that the COP of an ammonia-water re-
frigeration machine increased when the evaporator temperature
increased. These observations are consistent with those of Le
Lostec et al. (2013).

Second law approaches and exergy analysis are currently
gaining increased attention because of the additional infor-
mation they provide on the quality of the energy conversion
processes. Several studies directly compared the actual cycle
COP to the COP that would be achieved by a reversible refrig-
eration machine operated under the same conditions (Gomuri,
2009; Pilatowsky et al., 2001; Sozen et al., 2004; Wonchala et al.,
2014). Palacios-Bereche et al. (2010) presented a methodology
for the calculation of the exergy of water-lithium bromide so-
lutions, identifying both a physical component and a chemical
component to the exergy, and insisting on the importance of
accounting for the activity of the two constituents in the cal-
culation of the chemical exergy. Sencan et al. (2005) conducted
an exergy analysis of a water-LiBr absorption machine used
in cooling or heating modes and observed that the absorber
and desorber concentrated most of the exergy losses. They also
noted that when the heat source temperature increased, the
COP slightly increased, but the exergy efficiency deteriorated.
Sedighi et al. (2007) also noted that the absorber and the
desorber were in fact the components with the largest exergy
destruction in their base cycle setting. However, when a heat
exchanger was inserted in the cycle to preheat the weak so-
lution exiting the absorber using the enthalpy of the strong
solution leaving the desorber, the exergy destruction at the
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