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Abstract In this work, a new dual-evaporator CO» transcritical refrig-
eration cycle with two ejectors is proposed. In this new system, we proposed
to recover the lost energy of condensation coming off the gas cooler and oper-
ate the refrigeration cycle ejector free and enhance the system performance
and obtain dual-temperature refrigeration simultaneously. The effects of
some key parameters on the thermodynamic performance of the modified
cycle are theoretically investigated based on energetic and exergetic anal-
ysis. The simulation results for the modified cycle indicate more effective
system performance improvement than the single ejector in the CO2 vapor
compression cycle using ejector as an expander ranging up to 46%. The ex-
ergetic analysis for this system is made. The performance characteristics of
the proposed cycle show its promise in dual-evaporator refrigeration system.
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Nomenclature
A section, m?
COP coefficient of performance
h specific enthalpy, kJ kg~*
1 irreversibility, kJkg™!
m mass flow rate, kJkg™!
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P —  pressure, MPa
Q. — cooling capacity rate, kW
S —  specific entropy, kJ kg 'K™)
To — environmental temperature, K
T, — the temperature of secondary fluid in the evaporator, K
V.~ velocity, ms™"
U — entrainment ratio
W — mechanical power rate, kW

Greek symbols

3 - error

n — efficiency, %
¢ — driving pressure ratio, P3/Ps
p — pressure lift ratio, Ps/P;

Subcripts and superscripts

1,2,3,...,13

gen

out

tot
opt

thermodynamic states of fluid in the refrigeration cycles
state of reference

schematic system

p-h diagram

compressor

condenser

diffuser

evaporator

ejector

expansion valve

intermediate state

inlet

isentropic process

gas cooler

generated

summation index

mixing section

nozzle suction

outlet

pump

total

optimal

primary fluid (or motive fluid)
secondary fluid (or entrained aspirated)

1 Introduction

Nowadays, a large proportion of industrial areas use extensively compressed
refrigeration cycle, which consumes a considerable share of social energy [1].
The critical influence of the refrigeration industry on global warming and
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the allocation of the ozone layer has become a challenge that is the subject
of several researches. The appropriate choice of cycle configuration and
of environmentally friendly refrigerants for these refrigeration systems has
a positive effect on energy savings and lower greenhouse gas emissions. The
natural working fluid such as COs can be a promoter alternative refriger-
ant to replace chlorofluorocarbons (CFCs) and hydrochlorofluorocarbons
(HCFCs) because of its friendly environmental characteristics and excel-
lent heat transfer.

But, the refrigeration system using CO9 has an operating stress that it
must be operated with a transcritical cycle mode because of the lower criti-
cal temperature of CO5, and their coefficient of performance (COP) is lower
than that of conventional cycle using CFCs and HCFCs refrigerants due to
oversized expansion losses [2]. Therefore, a large amount of efforts such as
employing additional ejector [3-5] or the expander [6-9] have been made by
researchers to recover the throttling losses in the systems. In recent years,
ejectors have been getting more attention due to their noticeable features,
such as low cost, no moving parts, low maintenance requirements, simple
structure, and high performance improvement potential. Therefore, lots of
experimental and theoretical literatures about ejector enhanced transcriti-
cal CO9 heat pump and refrigeration cycle have been made recently. The
research results show that use of ejector as an expander in transcritical
COg cycle is considered to be a promising cycle modification to improve
the system performance [10-15].

As well known, multitemperature refrigeration systems have gained
greater popularity due to their potential applications in a wide range of
cooling temperatures. Besides widely used refrigerator-freezer for house-
holds, the two-stage compression COq refrigeration cycle with different
temperatures also has been getting a growing concern. Sharma et al. [16]
presented an optimizing analysis on the various multitemperature trans-
critical cycles including cascaded and secondary loop refrigeration cycle
systems which are becoming popular in the supermarket applications.

Shin et al. [17] modeled the two-stage compression COg refrigeration
cycle with two different evaporating temperatures by taking into account
the frost growth condition and investigated effects of frost growth on the
system performances. Generally, in a multitemperature refrigeration sys-
tem large thermodynamic losses in throttling processes can be generated
if conventional expansion devices are used. From an exergetic viewpoint,
nonetheless, the system performance again, has a large potential sophis-
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tication. An effective method of improving the system performance is to
recover the expansion work in the throttling processes. During the past
years, various cycle design employing ejector have been developed for the
energy saving purpose [18-24]. The specialized literatures generally are
concentrated on the single ejector enhanced multievaporator refrigeration
cycles to recover the expansion losses.

Kairouani et al. [19] theoretically analyzed a three cooling temperatures
refrigeration cycle with two stage ejector, and made clear that the two-
stage ejector are efficient to recover pressure losses in the multi-evaporator
refrigeration system. Lin et al. [20-22] experimentally estimated the per-
formance of three-circuit refrigeration configuration with the adjustable
ejectors. Zhou et al. [23] presented a two-circuit refrigeration cycle with
a novel dual-nozzle ejector and found the COP could be improved by 22.9—
50.8%.

Hafner et al. [24] theoretically investigated efficiency and capacity of
the CO4 supermarket layouts with multiejector and heat recovery under dif-
ferent climate conditions and the achieved system efficiency improvement
could be up to 30%. Based on the literatures introduced above, we can
see that small care has been paid to the COs transcritical dual evaporator
refrigeration cycle.

In this paper, we propose a new cycle. The major advantage of this
cycle configuration is the ability to sufficiently recover the condensation
energy to operate the second cycle and to ensure the dual-temperature
refrigeration function. For thermodynamic performances of the proposed
cycle, energetic and exergetic methods are applied in this paper, and the
performance of the novel cycle is compared to the conventional cycle.

2 Cycle system description

The schematic of a conventional vapor compression refrigeration cycle us-
ing ejector as an expander is shown in Fig. 1. This system includes a com-
pressor, a gas cooler, an expansion valve, separator, ejector and evapora-
tor. The thermodynamic processes of conventional vapor compression cycle
represent the compression, heat rejection, expansion and evaporation. It
is recognized that the isenthalpic expansion processes in this cycle leads to
lower system performance due to the higher irreversibility of the expansion
valves. So, it should be noted, that the use of an ejector as the expansion
device improves the thermodynamic performance this system, because ejec-
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Separator

Figure 1: (a) Schematic of vapor compression cycle using ejector as an expander,
(b) pressure-enthalpy diagram.

tor can effectively recover the expansion work to lift the suction pressure
and enhance the system performance. Without a doubt, a suitable ejector
configuration with a better pressure lifting performance must be desired.

Figure 2 shows a schematic and the corresponding pressure-enthalpy
diagram of a novel refrigeration cycle with two ejectors. The high temper-
ature COq enters the compressor at pressure Py at state (4) in which it is
compressed to the pressure Py, with an isentropic efficiency, 7. thereafter
the compressed fluid at state (5) is cooled in the gas cooler to the temper-
ature Ts. The CO4 at state (6) enters the ejector nozzle and expands with
a nozzle efficiency of 7,. The saturated secondary vapor stream enters the
ejector at pressure Py in accordance with the state (9). The two streams
mix at constant pressure in the final state of the mixture according to state
(3). It is necessary to know that after that the mixture goes through the
ejector diffuser with a diffuser efficiency of 7,4, in which recovers to the pres-
sure P3 at state (3), the stream leaves the ejector and then flows into the
separator, where it is separated to two distinct states; saturated liquid and
saturated vapor, while the saturated liquid stream enters the conventional
expansion valve and expands to pressure P.,, at state (8), the saturated
vapor enters to the compressor at state (4).

The ejector refrigeration cycle is a one phase expanding process. It
presents rather low performance. The cycle is generally used with the waste
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Figure 2: (a) Schematic of a novel refrigeration cycle with two ejectors, (b) pressure-
enthalpy diagram.

heat or solar energy as boiler heat source to enhance the performances. For
this reason it is proposed to operate the system for free by recovering the
amount of condensation heat.

The liquid flow exiting the condenser is divided into two parts: one flow
is expanded into the evaporator, and the other is compressed by a liquid
pump to a high pressure. The high pressure flow enters the gas cooler where
it will be vaporized and heated. The superheated high-pressure vapor enters
the booster in which it undergoes a slight increase in pressure and leaves
towards the ejector nozzle. Next it expands in the nozzle to vapor flow
at a low pressure able to absorb vapor from the evaporator, then the two
vapor flows are mixed in the mixture chamber before entering the diffuser
that will decelerate the mixture velocity. After, the vapor ejector outlet
flow enters the condenser.

3 Performance analysis

3.1 Analysis of the ejector

The ejector under consideration is shown in Fig. 3. The motive flow coming
from the gas cooler enters the ejector at a relatively high pressure and zero
velocity, i.e., stagnation condition corresponding to state (0) and expands
to a pressure at state (1). The secondary flow from the evaporator is then
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induced into the ejector by the low pressure flow at its nozzle exit. Both
fluids mix together in the mixing chamber section. The mixed flow at the
end of the mixing duct state (2) is discharged into a diffuser, and then
the diffused flow exits from the ejector at section (3) to the separator. To
simplify this analysis, the following assumptions are made in this study:

1. The refrigerant was at all times in thermodynamic quasiequilibrium.

2. Characteristics and velocities were constant over the cross section
(one-dimensional model).

3. All fluid characteristics are uniform over the cross section after com-
plete mixing at the exit of the mixing tube.

4. There is no external heat transfer.

5. There is no wall friction.

The control volume between sections 1 and 3 is divided into two regions
and those are the control volume 1-2 and 2-3 as shown in Fig. 3.

. ’ ' .
Motive Nozzle : & Mixing tube 1 Diffuser

- i

s 7 1

l\/. i

Motive fluid ' ] :

— —
' . I
Secondary fluid : //f E
: i
: ‘ : |
0 1 2 3

Figure 3: Configuration of the ejector.

3.1.1 Flow nozzle

The exit velocity from the nozzle is calculated from

Vi=4/2n (he—h1) , (1)

where h; is the enthalpy at the outlet of the motive nozzle for an isentropic
process
hi=h (Se, P1 ), (2)
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hla :hl - n (he — hl) . (3)

The density, at the outlet of the motive nozzle, is calculated from hi, and
Py as
p1=p (hia, P1) . (4)

The mass flow rate is .
m/:plvl Al . (5)
3.1.2 Flow in the mixing chamber

Using the continuity equation, the total mass flow through the mixing tube
is computed as
m 41 = paAsVa . (6)

The momentum balance of the mixing tube yields

(Py—P)) Ao=m!Vi—(m/ +1") Vs . (7)
Combining Egs. (6) and (7) we can obtain the pressure rise in the mixing
tube from A A2
P, —-hP 1 2P1 ( 1)
T G i T 7 R (i 8
s VP A ( ) p2 \ Az ®)

where U = m” /i represents the flow entrainement ratio and the density
ratio, p1/p2 can be approximated as [25]
P2 U Pv 1

£z _ LG , 9
pr 1+Upr 1+U ©)

where p, is the refrigerant’s vapour density at the evaporator outlet.
The mixing velocity is defined as

1

14U

The velocity at the outlet section nozzle is insignificant.
At the outlet of the mixing section, by conservation of energy

V2 Vl . (10)

1 U V3
— he ——2 .
14+U +1+U 2

The entropy, at the outlet of the mixing section, is calculated from ho and
Py

hs (11)

S9==S3(ha, Ps) . (12)
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3.1.3 Diffuser flow
At the outlet of the diffuser, by conservation of energy
hy=ho+V3 . (13)

The exit diffuser velocity is insignificant, so the exit diffuser enthalpy can
be written as

V2
h3a:h2+77d72 : (14)
The exit diffuser pressure is defined by S2 and hs,
P3= P(S2, hs,) - (15)

From Pj3 and hg, the exit diffuser intensive state is known (z3, r3...).

When the geometry parameters of the ejector are known, such as As/Aq;
the efficiencies of nozzle and diffuser and the operating conditions, we can
determine the outlet diffuser parameters such as P3 and hg.

3.2 Mass analysis

We must verify that the mass conservation equation is satisfied for each
element of the system as is mentioned below

§ mzn:§ Mout -

3.3 Energy analysis

Modeling of the system has taken into account the following assumptions:
(1) compression process within compressor is completely adiabatic,
(2) pressure drops in pipelines, and heat exchanger is neglected,
(3) throttling process within expansion valve is at constant enthalpy,
(4)

mixing pressure in the ejector is equal to the evaporator pressure,

(5) outlet states of the condenser and the middle condenser are at satu-
rated liquid states and the evaporator 1 and 2 are at saturated vapor
state,

(6) pumping process is isentropic,

(7) modeling of the ejector 1 follows the model of constant pressure [26]
against the second follows the model of constant section [27],

(8) ambient temperature, 25°C.
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3.4 Energy analysis for conventional refrigeration system
using ejector as an expander

For the compressor, its power consumption is

1
We=—(hs — hs) . 16
1 U(5 4) ( )

The compressor’s adiabatic efficiency is [26]
fle = 0.874 — 0.0135(Ps /Py) . (17)

For the gas cooler the heat transfer rate of the gas cooler is

1

Qge= 14U

———(he—hs) . (18)

For the expansion valve, it is assumed that the relaxation process is isen-
thalpic

h7 = hg . (19)

For the evaporator, the cooling capacity is

U
e= hg—hg) . 20
Qe=1 - U( 9—hs) (20)
For the ejector .

h he — Uh 21
s=1 e 9) - (21)

The system’s performance is evaluated by the coefficient of performance
(COP), which is the ratio of the cooling capacity to the power absorbed by
compressor

Qe

COP = 22
e (22
3.4.1 Energy analysis for new refrigeration system
For the compressor, his power consumption is:
1
W, = hs —h 23
e=1rgths —ha). (23)
For the gas cooler: the heat transfer rate of the gas cooler is
s 1
m (hg —hy) =———(he—hs) . (24)

1+U
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For the expansion valve, it is assumed that the relaxation process is isen-
thalpic
h7y = hg . (25)

For the evaporator 1, the cooling capacity is

Qet = 1o o — ) (26)
For the ejector 1
hs = H%(% —Uhy) . (27)
For the pump /
Wy =m (hy —hi2). (28)
For expansion valve 2
hia = his . (29)
For condenser , )
Qea = (m + 1m0 )(hi2 — hi1) . (30)
For evaporator 2 .
Qe2 =1 (h1z — hio) (31)
For booster
Wy, = i (higr — hao) - (32)
For ejector 2 , . , .
(m +m )hiy =1 hy + 1m0 hyy . (33)

The system’s performance is evaluated by the coefficient of performance
COP, which is the ratio of the cooling capacity to the power absorbed by
compressor

Qel + Qe2

COPnewcce:—'
e W+ Wy + W

(34)

3.5 Exergy analysis

According to [27], entropy generation rate for a fixed control volume is
presented through the following relation:

Sgen = > _Mi0So — Y miSi— Y %’: . (35)
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When the kinetic and potential energies are neglected, according to [30],
the physical exergy can be measured by

U= (h—ho)—To(5—S0) . (36)

The exergy destruction rate can also be defined by applying the Gouy-
Stodola theorem as below

I =TvSgen - (37)
For each individual component, the equation of the exergy destruction rate

based on specific mixture mass flow rate can be written as following

3.5.1 Exergy analysis for conventional refrigeration system us-
ing ejector as an expander

For the compressor

1
I.= ——To(S5 — Sy) . 38
o olS5 = S) (38)
For the gas cooler
1
l,e = —— (hoy — hg — T —
g 11U (ho 3 0(S6 — S5)) (39)
For the expansion valve
Lo= — Ty (S5 - $) (40)
ev— 1+U 0 8 7
For the evaporator
U hg — hs
I.=—— T, — - — 41
5T 0{(59 Ss ) T ] (41)
For the ejector
(Se +U 59)]
Ij=Ty| S3 — > 42
J 0[ 3 (1+ U) ( )
3.5.2 Exergy analysis for new refrigeration system
For the compressor
1
I.=——"1Ty (S5s— Sy) . (43)

14+U
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For the gas cooler
(Sﬁ— S5) L/
I.=T, | —=~ r— S 44
g 0 (1—|-U) +m (Sﬁ 55) ( )
For the expansion valve 1
Iev1 = T — . 4
1 1JFUO(S7 $6) (45)
For the evaporator 1
Y (hs— h?)}
Iy = —— Ty |(S9g— Sg) — —=| . 46
=TT 0{(9 8) T, (46)
For the ejector 1
(Se+ U 59)]
Ioi1 =Ty |S3— ————= 47
i1=To [ AT (47)
For the pump
Ip =1m TO (SG/— 512) . (48)
For the expansion valve 2
Towo = 12" Tp (S13— S12) (49)
For the condenser
Leona = (m,+ m”) [ (hi2— h11) — To (S12— S11) | - (50)
For the evaporator 2
" hio— h
Lo=m"Ty [(Sm— Si3) — (107,713)] . (51)
r2
For the booster
I, =Ty (510’— slo) . (52)
For the ejector 2
Ijo =Ty [(ml-l- mﬂ) S11— (m/Sm-i- m//55r)} ) (53)

The total exergy destruction rate of the cycle is the sum of the exergy

destruction rate in each component

Itot = Ic +Igc+Iev1+ Iel+ Iej1+1p+lev2+ Ie2+ ch+ Ib+Iej2 . (54)



www.czasopisma.pan.pl P N www.journals.pan.pl

N

52 Ezzaalouni Yathreb Abdellaoui and Lakdar Kairouani Kairouani

The overall exergy efficiency of the new system can be evaluated by the ratio
of the effective exergy output to the rate of exergy input, and the effective
exergy output can be gained by subtracting the total exergy destruction
from the effective exergy input. Thus the exergetic (second law) efficiency
of the system can be given as

I tot

. L — 55
WeAW, + W (55)

nrr=1—

4 Result and discussion

To inquire the performances characteristic of the modified cycle, the simu-
lation conditions are given as follows: the gas cooler exit temperature, Ty,
ranges from 35 to 50 °C, the evaporating temperature, 1.1, ranges from
-50 to -35°C, the evaporating temperature Teo ranges from -20 to -10°C,
the condensing temperature, T,,,q, ranges from 18 to 25°C , the tempera-
ture difference between refrigerant and cooled space is taken as a constant,
AT = 5°C, the gas cooler pressure, Py, varies from 8.5 to 11.5 MPa. For
simplicity, the ejector efficiencies are assumed 1, = ng = 0.85.

In the following analysis, effects of discharge pressure, evaporating tem-
perature, gas cooler exit temperature and the refrigeration capacity ratio
on the system performances are studied, respectively.

4.1 Ejector model validation

Ejector is the critical component in the ejector enhanced refrigeration cy-
cles and its performance is closely related to the system performance and
energy efficiency. Therefore, establishing a valid simulation model plays
a significant role in the prediction and analysis of the operating character-
istics of the ejector enhanced system.

In order to validate the simulation models, the available data in liter-
ature were used. The operating and design parameters are assumed to be
exactly the same as those in the literature. The thermodynamic model of
the ejector was validated using the previously published experimental data
(Elias Bou Lawz Ksayer [31]: using R744 as refrigerant, and Huang et al.
[32]: using R141b as working fluid) and the results of comparison is shown
in Tabs. 1 and 2.

The results of validation shown in Tabs. 1 and 2 indicate a good agree-
ment between the present results and those published in the literature. The
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comparison of calculated error confirms that the present model could ac-
curately predict the experimental model with the maximum deviation is
6.85% and 7.45%, respectively.

Table 1: Comparisons of test and analytical results COP systems; error ¢ = (theory —
experiment)/experiment).

| Te (OC) | Tgc (OC) | COPpT'esentstudy COPezp [29] | £ (%) |

-1 32 4.02 3.82 5.23
-1 34 3.78 3.5 6.57
-1 36 3.10 3.2 -3.12
32 4.43 4.2 5.47
34 4.08 4.0 2.00
36 3.74 3.5 6.85

Table 2: Comparisons of test and analytical results ejector specification; error ¢ =
(present study — experiment)/experiment).

| Tc | Upr'esentstudy | erperimental [3()] | £ (%) |

31.3 0.448 0.4377 2.34
33.6 0.3715 0.3457 7.45
28.0 0.525 0.5387 -2.54
30.5 0.412 0.4241 -2.86
33.1 0.521 0.4989 4.42
34.5 0.436 0.4541 -3.98
28.9 0.605 0.6350 -4.71
324 0.452 0.4790 -5.42

4.2 Impact of gas cooler pressure

Figure 4 shows the effects of gas cooler pressure, Pg., on the COP, and
COPrepsyst- It can be observed that there exists an optimum pressure
around 9 MPa where the both system COP and COP,eqcycie reach the
maximum values at the given operating condition. When the gas cooler
pressure varies from 8 to 11 MPa, the COP, and COP ¢y syst in the ranges
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of 1.1-1.23 and 1.46-1.76, respectively. For the same operating conditions
and at the optimum gas cooler pressure, it confirms the improvement of
COP ranging up to 44% and puts in evidence our contribution to improve
cycle performance in question.

= COP

= COP new
Syst

S
© 13
1.2 /—‘—\_‘_\’_“‘
1.1
1
8 85 9 95 10 10.5 11
P gc(MPa)
Figure 4: Comparing the performance system with Py (Tye = 35°C, Te1 = —50°C,

T62 = —2000, Tcond =25 OC).

Figure 5 shows the effects of gas cooler temperature, Tg., on the
COPewsyst; it can be seen that COP,c syst decreases with the increas-
ing gas cooler exit temperature for different values of P.. Figures 6 and 7
show respectively the effect of Py, and T'y. on the second law efficiency, nyy,
and I4y. It indicates that the total exergy destruction rate increases as the
gas cooler outlet temperature increases. It is due to higher irreversibility
rates at high gas cooler outlet temperatures.

The new refrigeration cycle has a reduced value of the total irreversibil-
ity, because the irreversibility in the gas cooler is drastically less than that
of the conventional cycle. It is remarkable that the gas cooler temperature,
Tye, and pressure, P, influences the total irreversibility. It decreases as
the gas cooler temperature increases. Also, the I;,; decreases as the gas
cooler temperature increases.
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:
=13
=
= Tgc=40°C
O 12
= Tgc=45C
11
iy Tgc=S0"C
1
9.5 10 10.5 11 115 12 125

P gc(MPa)

Figure 5: Effect of Tye on COP (Teona = 25°C, Ter = —50°C, Te2 = —20°C).

P gc(MPa)

Figure 6: Effect of Pyc and T4. on the second law efficiency nrr(%)(Tconda = 25°C,
Tor = —50°C, Toy = —20°C).

4.3 Impact of condensing temperature

Figure 8 shows that the coefficient of performance increase with decreasing
of condensing temperature, T'.,,q4, and attest that for any value of T .pnqg
there is a Py, value for what the COP, e syst Teaches its optimum, for
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2490
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= = Tgc=45"C
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= Tgc=50"C
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0
95 10 10.5 11 115 12 125
PGC(MPA)

Figure 7: Effect of Pge and Tgc on Itot (Tconda = 25°C, Ter = —50°C, Te2 = —20°C).

example for T'.ppg = 25°C, the COPjey syst reaches maximum value 1.6

for Pycopt = 9.5 MPa.

1.7

Z —8—Tcond =25°C
z
2 ~8—Tcond=23"C
=
=) —8— Tcond=20"C
&
Tcond=18"C
s 15 |
1
8 85 9 95 10 10.5 11 11.5 12

Pgc(MPa)

Figure 8: Variation of COP with Tcong (T'e1 = —50°C, Tea = —20 °C, Tyc = 40°C).

Figures 9 and 10 show the influence of T.,,q on the irreversibility, we
see that increasing of T'.,,q induces decreased irreversibility of the system
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85
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T
=<
g e Tecond=25"C
= 45 ~—Tcond=23"C
35 ey TcONd=20"C
Tcond=18*C
25
8 9 10 11 12 13

Pgc(MPa)

Figure 9: Effect of Tcona on the total irreversibility Iior (Tgc = 40°C, Ter = —50°C,

T.y = —20°C).
12
11 o
10
—_ —&— Tcond=25C
°\° 9
= —&—Tcond=23"C
= 8 —&8—Tcond=20°C
Teond=18"C
7
6
8 85 9 95 10 10.5 11 115 12
Pgc(MPa)
Figure 10: Effect of Tcong on the second law efficiency (Tyc = 40°C, Te1 = —50°C,
Tey = —20°C).

which explains the rating increase of the second law efficiency throughout
the Fig. 10.
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4.4 Impact of evaporator temperature

Figure 11 shows the influence of T'¢; on the coefficient of performance. We
see that increasing of T, induces increased performances of the new sys-
tem. Figure 12 depicts the variation of the total exergy destruction rate of
the new cycle versus the evaporating T.1. As the evaporating temperature
increases, the exergy destruction rate of the system decreases.

The variation of the second law efficiency with the evaporating temper-
ature 7.1 is shown in Fig. 13. It can be seen that the second law efficiency
increases as the evaporating temperatures decrease. It can be accounted
as an advantage of the new cycle in applications with lower refrigeration
temperature.

Co Pncw syst

Pgc(MPa)

Figure 11: Effect of T'e1 on COPrew syt (T'9c = 40°C, Tea = —20°C, Toona = 18 °C).

5 Conclusion

A combined dual-evaporator transcritical COq refrigeration system is pro-
posed in this paper. Energetic and exergetic analysis are conducted to
evaluate thermodynamic performances of this cycle. The effects of key
operating parametric on performance are discussed. From the discussion
above, the modified cycle could simultaneously obtain dual cooling temper-
atures with higher COP and exergy efficiency.
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Figure 12: Effect of T'e1 on Itot (T'cona = 18°C, T2 = —20°C, Tyc = 40°C).
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Figure 13: Effect of Te1 on the second law efficiency (Tgc = 40°C, T2 = —20°C,

Teona = 18°C).

Meanwhile this cycle presents an opportunity to recover the lost energy
of condensation coming off the gas cooler and operate the refrigeration
cycle ejector free. The parametric study shows that discharge pressure,
evaporating temperature and gas cooler exit temperature have significant
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effects on system COP and exergy efficiency. It should be mentioned that
although the computational model developed for the ejector is relatively
simple in respect of its practical application in real system, it is hoped that
the proposed cycle could provide useful guidance to the development of
dual-evaporator transcritical COs refrigeration. Thus, it should be empha-
sized that further studies, especially experimental studies, are needed to
confirm the practical usefulness of this cycle.

Received 17 February 2017
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