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Abstract— In this investigation a hybrid ejector single-effect
lithium-bromide water cycle is theoretically studied. The system
presents a conventional single-effect cycle activated by an external
steam-ejector loop. Based on a mathematical model of the whole
system, simulations are carried out to study the effect of the major
parameters of the hybrid cycle on its performances, and
comparison with the conventional cycle is also presented. The
ejector performance is also investigated. Results show that the
entrainment ratio rises with steam pressure and condenser
temperature, while it decreases with increasing generator
temperature. The effect of the evaporator temperature on ejector
performance is negligible. It is shown also that the hybrid cycle
exhibits better performances compared with the basic cycle.
However, the performance improvement is limited to a specific
range of the operating parameters. Outside this range, the hybrid
system behaves similar to a conventional cycle. Inside this range,
the COP increases, reaches a maximum then decreases and rejoin
the behaviour of the basic cycle. The maximum COP, which can
be as large as that of a conventional double-effect cycle, about 1, is
obtained at lower temperatures than in the case of single-effect
cycles.

Keywords—absorption refrigeration, ejector, lithium bromide,

simulation.

I. INTRODUCTION

Cooling and air conditioning are essential for small scale and
industrial process applications. While compressor refrigerator
cycles worked with fluids presenting carbon dioxide emission.
Absorption cycles using water-lithium bromide are alternative.
But, they have a low coefficient of performance. That’s why
new hybrid and combined configurations where the integration
of new component, such as ejector, in the basic absorption
cycles, to enhance to performances, were studied.

Various configuration integrating ejector were studied;
Combined cycle was investigated, in which the ejector is at the
absorber inlet [1-4], COP of this cycle was higher by about 2—4%
than conventional cycle. Principally, investigations indicate
that COP of the combined configuration are greater or equal to
that of single effect cycles at low generator temperatures.

Also, another configuration was studied, where the ejector is
located in the condenser inlet of the single effect absorption
cycle. Theoretical studies [5,6], confirm that the coefficient of
performances was higher than single effect cycle.
Experimental study [7] show that the combined cycle is 30-60%
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higher as compared to the COP of the basic absorption and
almost reaches the COP of double-effect absorption
systems .Besides, modified configuration by adding a flash
tank between ejector and evaporator was designed [8-9].

Ejector double effect absorption systems were investigated
[10-11], so the COP of the proposed new ejector refrigeration
cycle, increases with the temperature of the heat source until
the temperature of the heat source was higher than 150 °C the
new cycle worked as a double effect cycle.

Novel configuration was studied where the ejector was
coupled to vapour generator, [12,13] to enhance the
concentration process by compressing the vapour produced
from the lithium bromide solution in order to re-heat the
solution from which it came. Results showed that COP of the
new cycle can increase specially with the heat source
temperature.

In this paper, a water lithium bromide hybrid ejector single
effect cycle is investigated. The entrainment ratio as ejector
performances is carried out for different generator, condenser
and ejector temperature. Also a comparison with the basic
single effect absorption cycle and the evolution of the
coefficient of performances are studied.

II. SYSTEM DESCRIPTION

Fig. 1 (a) and (b) present a schematic diagram of a
conventional single effect system and an hybrid ejector-single
effect system.

A conventional single effect absorption cycle is composed of
evaporator, absorber, condenser and generator, expansion
solution valve pump, solution heat exchanger and refrigerant
expansion valve, as presented in fig. 1 (a). While a steam-
ejector-generator loop is coupled to the conventional single
effect via the solution generator, as presented in fig. 1 (b). The
steam-ejector loop is composed of a steam ejector, a steam
generator vapor, a water pump and an expansion valve.

The steam-ejector-generator loop is used to enhance the
cycle performance by enhancing the concentration process. The
steam ejector is the main key of the enhancement process. A
high pressure flow (18) coming from the steam generator enters
the primary nozzle of the ejector, its pressure drops at the exit
of the nozzle point (i), as shown in fig. 2, and its velocity
becomes very high so it entrain a secondary flow, the vapor (19)
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as part of the total vapor (7) produced from the solution NOZZLE CONSTANTAREA  DIFFUSER
SECTION SECTION SECTION

generator, the two streams are mixed in the mixing chamber
and then, compressed in the ejector, to exit at backpressure (12).
This flow condenses in the solution generator and exceeds
condensation heat until become liquid saturated (13). The primary \_/ i |
condensation heat is used to concentrate the saline solution by  fluid _/Nﬂ” S A I @
producing vapor from the diluted solution entering the solution
generator (3). Part of the flow (3) undergoes to the condenser
and the other part (19) is pumped to the steam generator. For
purpose of illustration, the chiller cycle is represented in Fig. 3
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4 3 16 i The mathematical model of the cycle is based on mass and

energy balances written for each machine element. For a steady

L state process and neglecting kinetic and potential energy

g ' variations, balance equations for global mass (Eq. 1), salt mass
X (Eq. 2), and energy (Eq. 3) write, respectively:

10 Z My = Z Moyt 1)

= Evaporator |Q£ Z Mip Xin = Z Mout Xout 2)
ZQ_ZW =Zm0uth0ut_zmin hin 3)

(Q and Ware heat and transfer rates between machine element
and its surroundings. The performances COP, ;. of the basic

(®)

Fig. 1 Single effect absorption system: (a) Conventional, (b) hybrid
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absorption cycle is expressed as Eq. (4) and the COPyypriq of
the hybrid absorption cycle is expressed as Eq. (5), as follow :

Qrv
COP, i. =—— 4
basic QG +ZWP ( )
Q
COPhypria = Q-l-ﬁ 5)
56 P

IV.RESULTS AND DISCUSSION

A computer program has been developed using the software
Engineering Equation Solver (EES) [14] to thermodynamically
analysis the proposed hybrid single effect absorption
refrigeration system. In the program, the thermo-physical
properties of LiBr-H2O are used as internal functions from the
EES database where the temperature reaches 500°K for all
composition range.

The following conditions are used as simulation inputs :
e The evaporator temperature is equal to 4°C,
¢ Condenser temperature is equal to 30°C,
e Absorber temperature is equal to Tc-2°C because it is
cooled via water cooling tower,
o Effectiveness heat exchangers are equal to 0.8,
¢ Flow rate leaving the absorber is equal to 2Kg/s.

A. Ejector performances
0.5
’ Tp=37°C
T, =4°C
04 A% =
3 R
ke
® 0.3
é - ESG = 10bar
E < = 12bar
‘w 0.24 . F'SG =13bar
E _ PSG = 14bar
F'SG = 15bar
0.1+ PR
60 70 80 90 100

Generator Temperature (°C)
Fig. 4 o vs. T for various primary pressure Psg

Fig.4 presents the evolution of entrainment ratio o with
solution generator temperature Te. For a fixed primary pressure
Pss  Wwhich is the steam pressure, curves indicate that the
entrainment ratio depend on the steam generator pressure,
while it deceases with increasing the generator temperature.
The steam pressure is the primary pressure. The entrainment
ratio reaches zero respectively at generator temperature of 80,
83, 85, 87, 90°C for steam pressure of 10, 12, 13, 14, 15bar.
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Ones the entrainment ratio is zero, the flow is no more
entrained inside the ejector, so the ejector is off design and its
geometry should be changed.

Fig. 5 depicts effect of generator temperature and steam
pressure on the entrainment ratio. Results show that the
entrainment ratio increases with the condenser temperature and
decreases with increasing the generator temperature, when the
pressure at generator is set at 15bar. When the generator
temperature becomes equal to 90°C, the entrainment ratio
becomes equal to zero. The calculated entrainment ratio is
between from 0.2 to 0.4, from 0.12 to 0.2, from 0.7 to 0.1 and
from 0.03 to 0.05 when the temperature in the generator is 70,
75, 80 and 85°C respectively.
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Fig. 5 ® vs. Tg for various condenser temperature Tcp

Fig. 6 depicts the evolution of the entrainment with the
solution generator temperature. Curves show that the
entrainment ratio is practically identical for every generator
temperature. The entrainment ratio is about 0.3, 0.18, 0.1 and
0.05 when the generator temperature is set as 70, 75, 0, 85°C
respectively.

In the hybrid cycle the evaporator temperature practically
don’t has effect on the ejector inlet and outlet parameters so
that’s why the entrainment ratio is almost same for all the
evaporator temperature.

30


PC1
Texte tapé à la machine
Copyright 2019
ISSN 2356-5608

PC1
Texte tapé à la machine
International Journal of Control, Energy and Electrical Engineering (CEEE)
Vol.8 pp.28-33

PC1
Texte tapé à la machine
30


Internationallournalof Control, EnergyandElectricalEngineering CEEE

Vol.8 pp.28-33
0.5 - 1.0
“\ Peg™ 150ar | - basic cycle
.\ T, =37°C 0o — hybrid cycle

0.4 "\ '
. _ |
o \ 0.8
& 034 “:\
c
3 Q o 07-
c \ O
s 02- Q --me Ty, =4°C
= - — RO,
= =@ T, =6°C 0.64
" u\\ —er Tg, = 8°C

ol o | Ty =10

:;\2 —me Ty =12°C 0.5-
\'.‘4, .
o ]
0.0 T T T T T =\ T 0.4 T T T T T T T T T
60 70 80 90 100 70 75 80 85 90 95
Generator Temperature (°C) Generator Temperature (°C)

Fig. 6 @ vs. T for various evaporator temperature Te, Fig. 7 COP of hybrid and conventional cycle vs. machine generator

temperature, Tg (P;s=15bar)
B. Hybrid and basic cycle performances

In the studied cycle, first a basic comparison was done 10 |
between the basic single effect cycle and the hybrid ejector 0.9
single effect absorption. Thus the effect of generator 08l T
temperature, condensation and evaporation temperature is -y T -
studied. 0.7

Fig. 7 indicates the evolution of the coefficient of 1
performances of both conventional and hybrid cycles with the o 0'6__
temperature in the solution generator. 8 0.54

The coefficient of performances is more important for the 1
hybrid cycle until the temperature in the generator become 0'4'_ .
equal to a 90, as shown in fig. 7. After 90°C, the COP of the 03] [ basiccycle
hybrid cycle reaches the same COP of the basic cycle because | E=—Mybrdoyce
the entrainment ratio with these parameters is zero as shown in 024 Ty =4C
fig.6 (a). The COP of the hybrid cycle reaches a maximum as 014 T,=80°C
0.88 for 78°C while the basic cycle reaches 0.8 at 90°C. Thus — 71—
the ejector in the hybrid cycle improves the cycle performances 28 30 32 34 36 38 40 42
at low generator temperature. Condenser Temperature (°C)

Fig. 8 COP of hybrid and conventional cycle vs. condenser temperature Tep

Fig.8 presents the evolution of the coefficient of
performance of both hybrid and basic cycle with the condenser
temperature. Results show that the coefficient of performance
of the two cycles decrease with the condenser temperature.
Also, it is shown that the COP of the hybrid cycle is higher
than the basic cycle. The hybrid cycle coefficient of
performance reaches 0.9 when the evaporator and generator
temperatures are at 4 and 80°C.

Fig.8 indicates the effect of solution generator temperatures
and steam pressure generator on COP of hybrid cycle.

So according to this figure, results show the coefficient of
hybrid and basic cycles increases with increasing the
evaporator temperature. Also, when the condenser temperature
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is at 37°C and the generator temperature is 80°C, the COP of V. CONCLUSIONS
hybrid cycle is 13% higher than that of basic single effect cycle.

In this study an hybrid cycle composed of steam-ejector loop

coupled with single effect absorption refrigeration cycle
1.0 working with water lithium-bromide. Mathematical model of
the hybrid cycle and the ejector were detailed. Results show
that entrainment ratio of the ejector depend on steam pressure
and condenser temperature. While, it is slightly depend on the
evaporator temperature. Comparing the basic cycle
performances to the hybrid cycle performance, it was found
that the COP of the hybrid one is higher than the basic one
when the temperature of the generator is less than 90°C.
0.7 ——basic cycle It was concluded that the COP of the new cycle is higher for
1 ——hybrid cycle lower generator temperature, until 90°C when the entrainment
ratio become equal to zero, the hybrid COP reaches COP’s of
the basic cycle.
1 T;=80°C The COP of the hybrid cycle increases with the steam
0.5 pressure and increases with the generator temperature until
| 90°C, which refers to entrainment ratio equal to zero.

COP
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