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have a high coefficient of performance (COP). However these

1. Introduction devices use some complex mechanical compressors that

consume essentially high-quality mechanical power provided
Conventional vapor compression refrigeration systems are the by means such as an electric motor, mechanical power ex-
most widely used for cold production both in refrigerating traction from an engine, and the like. Ejector refrigeration
systems and in the air conditioning due to the fact that they systems have low COP and are therefore less used in the cold
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Nomenclature

flow area [m?|

specific heat at constant pressure [J-kg™*°C™
diameter [m]

enthalpy [J-’kg?]

Mach number

mass flow rate [kg-s™]

pressure [Pa]

thermal power [W]

specific entropy [J-.kg™*-°C?]

gas specific constant [J-kg?-°C™]
temperature [°C]

specific volume [m3-kg™|
quality

velocity [m-s™]

power [W]

S<X<H®me O™ 3Tl >

Greeks symbols

AT superheat, subcooling [°C]
% specific heat ratio

n isentropic efficiency

Mz exergy efficiency [%]

I3 driving pressure ratio

T pressure lift ratio or ejector compression ratio
) ejector area ratio

v cooling capacity ratio

[0) entrainment ratio
Subscripts

1,2,3. .. state or points of cycle

a Nozzle outlet section

b normal chock section plane
c condenser

co compressor

cr critical

d diffuser

e evaporator

ex exergy

g generator

is isentropic

j (=1 for primary or =2 for secondary)
m mixing section plane

p pump

ref reference environment

production industry (Sokolov and Hershgal, 1990). On the other
hand, they have no moving parts and they have the advan-
tage of being easy to build and easy to maintain and their cycle
has been recognized as promising cycle for the utilization of
solar energy (Dang et al., 2012) as well as for the valorization
of different kinds of thermal energy sources.

When cold production with two different temperatures in
the same installation requires a double expansion of refrig-
erant, making a cycle necessitates in most cases using two-
stage compression; without which the compression rate would
be too high and inadmissible. In this case, the process is always
accompanied by high mechanical or electrical energy con-
sumption. This energy, when acquired from a thermal power
plant or a combustion engine, is not only very costly, but also
generates toxic gases (NOy, SOx), greenhouse gases and other
unused waste heat in its production (Garris et al., 1998).

Previous works on ejector refrigeration systems showed that
generators of these installations can efficiently use the waste
heat, even when available thermal sources are low-grade
(Sokolov and Hershgal, 1990) be they unused condensates, glue
gases (Chen et al., 2013) or collected solar thermal energy (Dang
et al., 2012).

Integrating the ejector or its coupling to a conventional vapor
compressor refrigeration system makes it possible to realize,
depending on the coupling scheme, hybrid systems which con-
sidering the performance improvement that it generates, are
of great interest both from the theoretical point of view and
potential applications in the multi-temperature refrigeration
field (refrigeration and freezing).

Tomasek and Radermacher (1995) proposed a combined
refrigeration system for home refrigerator-freezer incorporat-
ing an ejector in the diagram of a standard vapor compression
refrigeration system comprising a compressor and two
evaporators. The presence of ejector allowed the reduction of
the compression ratio and therefore the reduction of the

compressor work. The authors noted an improvement of the
system performance of 12%, compared to that of a standard
compression refrigeration system.

Elakdhar et al. (2007) studied a hybrid compression-ejection
dual evaporator refrigeration cycle for domestic refrigera-
tion. The work was to incorporate an ejector and a separator
between the two evaporators of a domestic refrigerator in order
to improve system performance by raising the pressure up-
stream of the mechanical compressor. This study showed that
the insertion of the ejector improves performance of the new
system compared to that of the standard vapor compression
cycle and, in addition, R141b showed the best performance
among the fluids tested.

Kairouani et al. (2009) have proposed the use of ejectors in
a multi-evaporator vapor compression refrigeration system in
order to improve performance. In this hybrid refrigeration
system operating on three levels of pressure and tempera-
ture, two ejectors are connected in series between the
evaporators and the compressor, so as to allow a double
precompression of the fluid at the inlet of the single compres-
sor of the system. Analysis of hybrid cycle performance
developed and tested on several fluids showed a better per-
formance of this compression/ejection multi-temperature
system compared to the conventional system.

Sarkar (2010) also proposed and studied two transcritical
CO, refrigeration cycles each comprising a mechanical com-
pressor and two ejectors. These hybrid multi-evaporators
compression—ejection refrigeration systems were modeled and
performance simulation showed that the COP is improved com-
pared to the conventional vapor compression cycle and can,
therefore under optimal conditions, reach values of 0.241 and
0.381, respectively.

Thanks to the energy it recovers within the system, the
ejector inserted into multi-temperature vapor compression re-
frigeration systems improves the performance of the latter and
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