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Optimization of absorption refrigeration systems
by the method of computational experiment design
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Abstract The objective of this work is to present an energy analysis
of di erent absorption refrigerating systems operating wi th diverse refriger-
ants. Also is applied the method of experimental design to optimize con gu-
rations proposed by the absorption pairs used and the operating conditions.
Both acceptable coe cient of performance and low operating generator tem-
perature are scrutinised. Therefore, a computer program is developed. An
investigation of the thermodynamic properties is presente d. Results show
the coe cient of performance evolution versus respectivel y the evaporator
temperature, temperature of condensation and generator temperature. A
particular interest is devoted to the intermediate pressur e e ect on the per-
formance of di erent systems. In order to better converge in the selection
of the con guration and the refrigerant, which can ensure a h igh coe cient
of performance associated to relatively low operating generator temperature
the plan of experiments has been developed, taking in accour all parameters
in uencing the system performance and the function of opera ting tempera-
ture. Results show that the refrigerating machine containi ng a compressor
between the evaporator and the absorber has a coe cient of performance
quite acceptable and that it can work at low generator temper ature for
about 60 C and using the NH3/LINO 3 as refrigerant.
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Nomenclature

COP coe cient of performance

Cp speci ¢ heat at constant pressure, Jkg 'K 1!
f circulation ratio or driving factor
h speci ¢ enthalpy, Jkg !

H>0O water

LiBr lithium bromide

LiNO 3 lithium nitrate

m mass ow rate, kgs !

NaSCN sodium thiocyanate

NH3 ammonia

P pressure, Pa

Q heat transfer rate, W

S entropy, Jkg 'K 1!

T temperature, C, K

W mechanical power, W

X mass fraction, %

Greek symbols

isentropic coe cient
cooling e cacy

Subscripts
1 rst stage
2 second stage
AB absorber
CD condenser
COM compressor
ECH inter-exchanger solution
Ent input
EV evaporator
FF refrigerant
GE generator
L liquid
in inlet
out outlet
p weak solution
r rich solution
Y% vapor

1 Introduction

Absorption machines have several advantages such as protew the envi-
ronment and the nature. Additionally this type of refrigera ting machines
does not use CFCs uids (chloro uorocarbons), which deplee the ozone
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layer, Kang et al.[1], Boer et al. [2], GOktun [3], Laouir et al. [4]. Besides
they are quiet compared to vapor compression machines, Riaand Guo-
quan [5].

There are several models of absorption machines, as a sim@ege ma-
chines consisting of an absorber, evaporator, condenser dra generator,
which are conventional absorption machines. Such machinesiworking be-
tween two pressure levelsPgy evaporator pressure andPcp condenser
pressure); it has been the subject of several studies, Alvas and Trepp [6],
Misra et al. [7], Mumah et al. [8], Kouremenos [9], Hulten and Berntsson
[10], GOktun [11], and G. Sachdeveet al. [12].

Other models composed of di erent stages with di erent ass@iations
between the system components; they worked at three pressarlevels,
Saghiruddin and Siddiqui [13], Bouazizet al. [14 15], Charia et al. [16]
and Kumar [17]. There is a wide range of refrigerant coupleshat can be
used for the refrigerating machine such us NH/H O, NH3/NaSCN and
NH3/LINO 3, Rodakis and Antonopoulos [18], Linghui Zhu and Junjie Gu
[19], Kairouani et al. [20], and S. Anandet al. [21].

The cooling demand in summer, in hot climate countries, lead to a
peak in electricity consumption, the use of alternative tecnologies should
be favored. One possibility consists in the solar absorptio refrigerating
systems, Tarsitano et al. [22], Petelaet al. [23] and Alobaid et al. [24].
Their principal advantages compared to mechanically driven compression
cycles are the use of natural refrigerants, but their coe cient of performance
(COP) values are relatively low compared to vapor compressin refriger-
ators. The experimental and theoretical works on absorptimm systems are
guite numerous, Yi Chenet al. [25] and Coreyet al. [26].

In this study, four absorption system con gurations and four couples
refrigerant/absorbent were considered. The evaporationcondensation and
generator temperatures were varied. The method of design afxperiments
is used to identify optimal situations and particularly the con guration that
works with low generator temperatures.

2 Description and analysis of the systems

2.1 Description of the systems

A single e ect absorption refrigeration cycle, for which details are pro-
vided elsewhere, Bouazizet al. [27], is shown in Fig. 1. The cascade
cycle (cascade 1) and double stage cycle (cascade 2) repnesel respec-
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Figure 1: Single e ect absorption refrigeration system: AB  absorber , CD condenser,
COMP compressor, EV evaporator, ECH heat exchanger, EXV expan-
sion valve, GE electric generator.
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Figure 2: Cascade 1.

tively in Figs. 2 and 3 are developed by Bouazizt al. [14,15,27]. The new
cycle evaporator-compressor-absorber (ECA) is composedyban evapora-
tor, absorber, generator, condenser and a compressor insed between the
evaporator and the absorber. The cycle is represented in Fig4.

Three pressure levels are present in the ECA con guration: he gen-
erator and condenser operate at high pressure whereas the aporator at













































