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h i g h l i g h t s
� A compression-absorption double-stage (CADS) system is by the first time proposed.
� The compression power in cascade cycles was 45% lower than in compression cycles.
� The COP for proposed system was up to 45.2% higher than those with other systems.
� The systems operating with R134a achieved higher COP than those obtained using CO2.
� The irreversibilities for the CADS using R134a were 17% lower than using CO2.
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a b s t r a c t

This study reports a comparison from the first and second law of thermodynamics of a conventional
vapor compression cooling system, a compression-absorption single-stage (CASS) system, and a
compression-absorption double-stage (CADS) system operating with CO2 and R134a in the compression
cycle and H2O/LiBr in the absorption cycles. The CADS system is being by the first time proposed in the
literature. The performance of the systems were analyzed as function of diverse operating parameters. It
was found that the electrical energy consumption in the refrigeration cycles was about 45% lower than in
the classical compression refrigeration cycles using CO2 and R134a as refrigerants under the same
operating conditions. The results showed that the COP for the CADS could be 50% higher than those
obtained with the CASS system. The systems operating with R134a always achieved higher COP than
those obtained using CO2. From the exergy analysis it was clear that the highest irreversibilities occurs in
the absorber and the evaporator for both mixtures. It was also found that the irreversibilities of the
proposed system using R134a in the compression cycle were 17% lower than those obtained with the
system using CO2

© 2015 Elsevier Ltd. All rights reserved.
1. Introduction

Cascade refrigeration cycles have been proposed for low tem-
perature applications ranging from food conservation and ice
production to cryogenics. A two-stage cascade compression
refrigeration system was presented as an option to meet those
applications. Lee et al. [1] studied the optimal condensing
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temperature and maximum coefficient of performance for carbon
dioxide-ammonia cascade refrigeration cycle by means of a ther-
modynamic analysis. Bhattacharyya et al. [2] presented a cascade
cycle operating with propane in the low cycle and carbon dioxide in
the transcritical cycle. They demonstrated that the carbon dioxi-
deepropane cascade system offers a wider operating range for
simultaneous heating and cooling applications compared with that
provided by the carbon dioxideeammonium cascade system. This
cascade system can operate simultaneously with a refrigerating
space temperature of 233 K and a heating output temperature of
about 393 K. Colorado et al. [3] compared the performance of NH3,
CO2, butane and propane as a working fluids in the two-stage
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