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Abstract: The performance characteristics of an ejector-expansion refrigeration cycle

(EEC) using R32 have been investigated in comparison with that using R134a. The

coefficient of performance (COP), the exergy destruction, the exergy efficiency and the

suction nozzle pressure drop (SNPD) are discussed. The results show that the application

of an ejector instead of a throttle valve in R32 cycle decreases the cycle’s total exergy
destruction by 8.84%—15.84% in comparison with the basic cycle (BC). The R32 EEC
provides 5.22%-13.77% COP improvement and 5.13%-13.83% exergy efficiency
improvement respectively over the BC for the given ranges of evaporating and condensing

temperatures. There exists an optimum suction nozzle pressure drop (SNPD) which gives a

maximum system COP and volumetric cooling capacity (VCC) under a specified

condition. The value of the optimum SNPD mainly depends on the efficiencies of the

ejector components, but is virtually independent of evaporating temperature and

condensing temperature. In addition, the improvement of the component efficiency,

especially the efficiencies of diffusion nozzle and the motive nozzle, can enhance the EEC

performance.
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1. Introduction

The throttling loss in the expansion device is one of the major thermodynamic losses of a
conventional vapor compression refrigeration cycle. It is represented by kinetic energy dissipated by
friction while refrigerant is expanded isenthalpically through the throttle valve. Replacing the throttle
valve with a two-phase ejector is an effective measure to reduce the throttling irreversibilities. Through
the action of the ejector, the compressor inlet pressure is increased and thus higher than what it would
have been in a basic cycle (BC). Consequently, the compressor requires less power, improving the
performance of the system.

Most recent investigations have been concentrated on transcritical R744 ejector-expansion
refrigeration cycles (EECs) because of the large improvement potential owing to the high throttling
loss [1-11]. Subcritical EECs have received much less attention because these cycles offer relatively
lower improvement potential through the ejector action. However, it is still worth investigating these
subcritical cycles with a two-phase ejector to improve the cycle performance. Kornhauser [12]
developed a one-dimensional iterative model on the two-phase EEC, and reported that the theoretical
coefficient of performance (COP) improvements of 13%, 21%, 20%, and 12% over the basic cycle for
R11, R12, R22, and ammonia, respectively. Domanski [13] found that the use of an ejector provided
10%-30% theoretical COP improvement for refrigerants, including R12, R22, R32, R134a, propane,
isobutane and ammonia. Nehdi ef al. [14] numerically discovered that replacing the throttle valve with
a two-phase ejector improved COP up to 22% in a vapor compression system using R141b as
refrigerant. Bilir and Ersoy [15] found theoretically that an EEC using R134a could provide 22.3%
COP improvement compared with that of basic cycle. Disawas and Wongwises [16] and Wongwises
and Disawas [17] presented experimental results comparing an EEC to the basic cycle using R134a as
the refrigerant. In their cycle, there was no throttle valve upstream of the evaporator so that the
evaporator is flooded with the refrigerant. The COP improvement of about 5% was obtained. Pottker
and Hrnjak [18] experimentally tested an R410A EEC and reported improvements from 8.2% to 14.8%
over the basic system. Li ef al. [19] investigated the performance of an EEC using R1234yf and R134a
and found that the R1234yf EEC has lower COP and volumetric cooling capacity (VCC), but it offers
greater COP and VCC improvement potential compared with that of R134a EEC. Bilir et al. [20]
experimentally found that the use of an ejector in place of the throttle valve in a R134a refrigeration
cycle will improve the COP and exergy efficiency by 7.34%—12.87% and 6.6%—11.24%, respectively,
under the same external operating conditions. Lawrence and Elbel [21] conducted an experimental
investigation of EEC that can provide multiple evaporation temperatures, and found that the cycle
showed maximum COP improvements of 12% with R1234yf and 8% with R134a compared with a two
evaporation temperatures basic cycle. However, the cycle showed maximum COP improvements of
only 6% with R1234yf and 5% with R134a compared with a single evaporation temperature basic cycle.

Owing to the limited number of studies about subcritical EECs, there is opportunity to investigate
the performance of these cycles. Furthermore, R32 is a potential alternative refrigerant owing to the
virtues of zero ozone depleting potential (ODP), lower global warming potential (GWP) and higher
volumetric refrigeration capacity. However, the investigation concerning the EEC using R32 as the
refrigerant is scarce. In this paper, compared with R134a, the energetic and exergetic analysis of the
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EEC using R32 are conducted. The coefficient of performance, the exergy destructions, the exergy
efficiency and the suction nozzle pressure drop are discussed.

2. Cycle Description

A layout diagram of the two-phase ejector-expansion refrigeration cycle and the corresponding p-A
diagram are shown in Figure 1. The high-pressure liquid exited from the condenser is expanded
through the motive nozzle of the ejector. This expansion of the high-pressure liquid is then applied to
entrain and raises the vapor pressure at the outlet of the evaporator. Then mixing occurred between the
two streams in the mixing chamber. Next, the mixed fluid enters a diffusion nozzle, where the fluid are
further decelerated and compressed to a pressure higher than the initial pressure of the suction stream.
The two-phase fluid at the outlet of the ejector is sent to the liquid-vapor separator, where the vapor
enters the compressor and ultimately becomes the motive stream, while the liquid returns to the
evaporator through a throttle valve and ultimately becomes the suction stream. Compared with the
basic cycle, the compression work required for the cycle is decreased owing to the higher compressor
inlet pressure. Besides, an increase in evaporator capacity can be attained owing to the lower
evaporator inlet enthalpy compared to an isenthalpic expansion.
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Throttle valve
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Figure 1. Schematic and P-h diagram of the ejector-expansion refrigeration cycle.

3. Thermodynamic analysis

In order to simplify the calculation, the following assumptions are made:

(1) One dimensional steady flow for the working fluid in the system.

(2) Ignore the pressure loss in the heat exchangers and the pipes [13—15,19].

(3) Saturated vapor and liquid at the outlet of the gas-liquid separator.

(4) Mixing occurs at a constant pressure, less than the inlet pressure of the suction flow.

(5) Expansion processes and compression processes are all adiabatic. The ejector geometry effects
are assumed to be considered in terms of isentropic efficiencies of the ejector components.
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(6) The separator offered zero pressure drop and had 100% effectiveness in separating the two-phase
mixture into saturated vapor and liquid [13].

The mass entrainment ratio and the pressure lift ratio, shown in Equations (1) and (2), respectively,
are the two main performance parameters of an ejector. The mass entrainment ratio indicates how
much mass an ejector is able to entrain. The pressure lift ratio indicates the pressure increase that the
ejector can provide to the entrained suction flow:

n=ms/ ms3 ()
PLR (pressure lift ratio) = pes / ps )

In the EEC, the suction nozzle pressure drop (SNPD) provides the power for the suction flow. It is
expressed as:

SNPD = ps — po 3)
3.1. Energy Analysis

The isentropic efficiency of the motive nozzle is defined as:

Hn = (h3 — ha) / (h3 — has) 4)
The energy conservation equation between the inlet and the exit of the motive nozzle is:
h3 — ha=v4* /2 (5)
The exit area of the motive nozzle is:
as =1/ (pava) (6)

The isentropic efficiency of the suction nozzle is defined as:

Nsn = (hs — ho) / (hs — hos) (7)
The energy conservation equation between the inlet and the exit of the suction nozzle is:
hs — ho = vo* / 2 (8)
The exit area of the suction nozzle is:
a9 =/ (povo) 9)
The momentum conservation equation between the inlet and the exit of mixing chamber is:
vs = (va+ uwo) / (1 + p) (10)

The energy conservation equation between the inlet and the exit of mixing chamber is:
ha !/ (1 + p)+ phs/ (1 + @) =hs+vs> /2 (11)
The isentropic efficiency of the diffusion nozzle is given as:
ndan = (hes — hs) / (he — hs) (12)

The energy conservation equation in the diffusion nozzle is:
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he — hs = vs* | 2 (13)
The energy conservation equation of the whole ejector can be written as:
uhs + hs = (1+ phe (14)
The quality of the working fluid exiting from the ejector is:
x6=1/(1+w) (15)
The ejector area ratio is:
AR = (as + a9) / as (16)
The isentropic efficiency of the compressor is:
Heom = (h2s — 1) / (ha — h1) (17)
The isentropic efficiency of the compressor is determined by [22]:
Heom = 0.874 — 0.0135(p2 / p1) (18)
The compressor work consumption per unit mass flow rate is:
Weom = h2 — hi (19)
The evaporator refrigerating capacity per unit mass flow rate is:
Geva = (hs — h7)u (20)
The cycle cooling coefficient of performance can be expressed as:
COP = geva / Weom (21)
The volumetric cooling capacity of the cycle based on the specific inlet volume of the compressor is:
VCC = (hs — h7)u/ v (22)
The improvements in COP and VCC of the EEC over basic cycle are:
1COP = (COPeec — COPsc) / COPsc (23)
1VCC = (VCCeec — VCCac) / VCCae (24)

3.2. Exergy Analysis

For EEC, exergy analysis is significant to evaluate the decrease of irreversibility for every
component and the whole cycle. In addition, exergy analysis can also help to evaluate the
improvement degree in the exergy efficiency in comparison with the BC.

The specific exergy of the refrigerant is expressed as:

Ex = (h — ho) — To(s — s0) (25)
For g at constant temperature 7, the heat exergy rate exq can also be calculated by:
Exq=({—To/ T)g (26)

Exergy destruction in the compressor is:
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Excom = To(s2 — s1) (27)
Exergy destruction in the condenser is:
Excon=h2—h3 — To(s2 — s3) (28)
Exergy destruction in the ejector is:
Excj = To((1 + )s6 — 53 — uss)) (29)

Exergy destruction in the throttle valve is:
Extv = To(s7 — seL)u (30)
Exergy destruction in the evaporator is:
Exeva= To(ss —s7)u+ To/ Tr(h7 — hs)u (€2))
Therefore, the total exergy losses of the cycle are:
Extot = Excom + EXcon + EXej + Extv + EXeva (32)
The exergy efficiency of the cycle can be expressed as:
Nex = 1 — EXtot / Weom (33)
The decrease in Exwot and improvement in exergy efficiency of the EEC over basic cycle are:
iExtot = (Extot,EEC — EXtot,BC) / EXtot,BC (34)
iNex = (Mex.EEC — Nex,BC) / Mex,BC (35)

Based on the theoretical model described above, the simulation code was developed to investigate
the performance characteristics of the EECs using R32 and R134a for air-conditioning applications.
The thermodynamic property data of the working fluid is based on REFPROP [23]. The algorithm of
code for the EEC is as follows:

i.  The property parameters at states 8 and 3 are calculated based on the given condensing
temperature, evaporating temperature, subcooling and superheat.
ii.  The property parameters at states 9 and 4 are calculated by given #mn, 7sn, and SNPD. Fluid
velocities at the corresponding states are calculated by Equations (5) and (8).
iii.  Some value of u is presumed.
iv.  The property parameters and fluid velocity at state 5 are calculated by Equations (10) and (11).
v.  Enthalpy, pressure, vapor quality and other property parameters at state 6 are calculated by
given 7dn and Equations (12)—(14).
vi.  Steps (iii)—(v) are iterated until Equation (15) is satisfied.
vii.  The other performance parameters are calculated by the other equations.
The present model is validated with the theoretical data available in open literature for EEC using

R1234yf and R134a as working fluid [19]. As seen from Figure 2, the values of maximum COP
calculated based on the present model shows a fine agreement with that of [19].
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Figure 2. Comparison of the present simulation results with Li ez al. [19] results.
4. Results and Discussion

Unless otherwise specified, the condensing temperature is set at 40 °C, the evaporating temperature
is set at 5 °C, and the ejector is assumed to have the following efficiencies: #mn = #7sn = 77dn = 0.85 [19,24].
The reference environment temperature is set at 27 °C.

Figure 3 shows the variations of the system COP and iCOP versus the SNPD for the two
refrigerants R32 and R134a with the operating conditions of teva = 5 °C and tcon = 40 °C. Figure 4
shows the variations of the VCC and iVCC versus the SNPD for the two refrigerants R32 and R134a
with the operating conditions of teva = 5 °C and tecon = 40 °C. It can be seen that the system COP goes
up first to a maximum and then decreases with increased SNPD for the two refrigerants. This implies
that the EECs of the two refrigerants all have an optimum SNPD that leads to a maximum COP for
fixed condensing and evaporating temperatures. This general trend is consistent with the published
literatures [19,24-26]. The same inclination also can be seen for the VCC of the EEC versus the
SNPD. At the investigated operating conditions of this study, the optimum SNPD is around 2.5 kPa
and 10.0 kPa respectively for the two cycles using R32 and R134a as refrigerant.
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Figure 4. Influence of SNPD on VCC and iVCC.

For R32, the maximum COP and VCC are 5.74 and 6633 kJ/m?, respectively, and the EEC yields
4.99%—7.89% improvement in COP and 4.18%—6.52% improvement in VCC over the basic cycle. For
R134a, the maximum COP and VCC of R134a EEC are 6.04 and 2733 kJ/m® respectively, and the
EEC provides 7.93%—-10.44% improvement in COP and 7.56%—-9.89% improvement in VCC over the
basic cycle. This implies that two-phase ejectors, theoretically, have the potential for significant
performance improvement even for subcritical cycles. Compared with R134a EEC, the R32 EEC has
lower COP and gains lower benefit from the ejector. But like the basic refrigeration cycle, R32 EEC
has theoretically 2.4 times VCC of R134a.

Figure 5 shows the variations of compression pressure ratio (CPR) and PLR versus the SNPD for
the two refrigerants R32 and R134a with the operating conditions of teva = 5 °C and teon = 40 °C.
Figure 6 shows the variations of ejector mass entrainment ratio versus the SNPD for the two
refrigerants R32 and R134a with the operating conditions of teva = 5 °C and tcon = 40 °C. It can be seen
that with the increase of SNPD, the value of PLR goes up initially to a maximum and then decreases,
and the corresponding CPR decreases initially to a lowest value and then increases. For the values of
SNPD from 0 to 40 kPa, the PLR ranges from 1.041 to 1.063 and the corresponding CPR varies from
2.451 to 2.504 for the R32 EEC, whereas the PLR ranges from 1.071 to 1.091 and the corresponding
CPR varies from 2.665 to 2.718 for the R134a EEC. The variation of ejector mass entrainment ratio
with the SNPD shows same trend with the PLR. For the values of SNPD from 0 to 40 kPa, the ejector
mass entrainment ratio ranges from 0.789 to 0.7926 and from 0.761 to 0.7659 for R32 EEC and R134a
EEC respectively. The lower CPR value results in less compression work of the EEC. In addition, for
fixed condensing temperature and evaporating temperature, the higher PLR implies a higher inlet
pressure of the compressor and a lower inlet specific volume. The higher ejector mass entrainment
ratio implies the greater mass flow rate through the evaporator under the same total mass flow rate of
the system, which results higher cooling capacity of the evaporator. The higher the ejector PLR and
mass entrainment ratio, the better the performance of the EEC is. Thus the SNPD with the highest PLR
and mass entrainment ratio provides the optimum COP and VCC as shown in Figures 2 and 3.
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Figure 7 shows the variations of COP and iCOP versus the area ratio (AR) for the two refrigerants
R32 and R134a with the operating conditions of teva = 5 °C and tcon = 40 °C. It can be seen that there is
an optimum area ratio (ARopt) that makes the COP of EEC attains a maximum value. The COP
decreases below the ARopt due to fact that over expansion of the motive flow in the mixing chamber
makes the available free area for the suction flow decline and finally the suction flow rate decreases; in
excess of the ARopt, the entrainment ratio decreases owing to the less momentum of the motive
flow [19]. The ARopt is about 110 and 12 respectively for the cycles using R32 and R134a as
refrigerant. The area ratio has little influence when AR surpasses 60 for the R32 EEC.

Table 1 illustrates the exergy destructions in each component for both BC and EEC of the two
refrigerants R32 and R134a with the operating conditions of teva = 5 °C and tecon = 40 °C. The exergy
destructions in the EEC are calculated based on one unit mass flow rate of the compressor. As shown
in Table 1, the highest irreversibility occurs in the condenser, and the lowest irreversibility takes place
in the small expansion valve in the EEC. For R32, the exergy destruction of the throttling valve in the
basic refrigeration cycle is 5.899 kJ/kg, whereas the combined exergy destruction of the ejector and a
small valve is only 3.522 kJ/kg. For R134a, the exergy destruction of the expansion valve in the basic
refrigeration cycle is 3.712 kJ/kg, whereas the combined exergy destruction of the ejector and a small
valve is only 1.791 kJ/kg. It implies that the exergy destruction in the expansion process decreases by
40.29% and 51.75% for R32 and R134a respectively owing to the use of an ejector instead of a
throttling valve. Moreover, the exergy destruction in the compression process decreases by 7.88% and
10.20% for R32 and R134a respectively, the exergy destruction in the condensing process decreases
by 2.71% and 0.74% for R32 and R134a, respectively. Compared with BC, the evaporating takes place
at the lower evaporation temperature in the EEC, resulting in slightly higher exergy destruction in
evaporator for the two refrigerants. But this variation in the evaporation process can be neglected for
total cycle exergy destruction. The combined above mentioned effects result in the improvement of the
system. Thus the overall system exergy destruction of the EEC is lower than that of the BC, and the
overall system exergy efficiency of the EEC is higher than that of the BC. Compared with the BC, the
total exergy destruction of the EEC has reduced by 10.59% and 13.24% respectively for R32 and
R134a. The overall exergy efficiency of the EEC increases by 7.70% and 10.57%, respectively, for
R32 and R134a as a result of the recovered expansion work by ejector.

Table 1. Exergy destructions and exergy efficiency of the investigated cycles

R32 R134a
Process BC EEC BC EEC

Ex (kJ/kg) (%) Ex (kJ/kg) (%) Ex (kJ/kg) (%) Ex (kl/kg) (%)
Compression 6.398 20.78 5.894 21.41 4.126 23.15 3.705 23.97
Condensing 14.05 45.63 13.67 49.65 7.316 41.05 7.262 46.99
Ejector -- -- 3.438 12.49 -- -- 1.769 11.45
Throttling 5.899 19.16 0.08396 0.31 3.712 20.83 0.02212 0.14
Evaporation 4.443 14.43 4.447 16.15 2.670 14.98 2.697 17.45
Total 30.79 100 27.53 100 17.82 100 15.46 100

Hex 0.3194 0.344 0.3284 0.3631
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The performance of cycles being studied, including R32 BC, R32 EEC, R134a BC and R134a EEC,
based on maximum system COP versus the condensing and evaporating temperatures is shown in
Figures 8 and 9 respectively. It can be seen that like BC, the COPs of the R32 and R134a EECs
decrease with the condensing temperature and increase with the evaporating temperature. The benefit
of the ejector is increased (higher iCOP) at higher condensing temperatures or lower evaporating
temperatures owing to the greater potential for expansion work recovery for both refrigerants.
Compared with R134a EEC, the R32 EEC has lower COP and offers lower COP improvements over
the corresponding BC. The system COP of the R32 and R134a EEC decreases from 8.464 to 3.643 and
from 8.792 to 3.901 respectively as the condensing temperature increases from 30 to 55 °C. The
system COP of the R32 and R134a EEC increases from 3.578 to 6.931 and from 3.749 to 7.298
respectively as the evaporating temperature increases from —10 to 10 °C. The R32 EEC and R134a
EEC vyields 5.22%—13.77% and 6.63%—17.83% improvement in COP over the corresponding BC
respectively for the given ranges of evaporating and condensing temperatures. The COP of R32 EEC is
2.66%-10.03% higher than that of R134a basic cycle. Furthermore, it is also found from the
calculation that the optimum SNPD value is almost independent of evaporating temperature or
condensing temperature.

N ! v T T T T T T
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Figure 8. Influence of condensing temperature on COP and iCOP.
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Figure 9. Influence of evaporating temperature on COP and iCOP.
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Figures 10 and 11 show the variations of the total exergy destruction of the investigated cycles with
the condensing temperature and the evaporating temperature respectively. As the condensing
temperature increases or the evaporating temperature decreases, the total exergy destruction of the
investigated cycle increases. Because the compressor pressure ratio becomes higher, the compressor
will need more input work, and the heat rejection in the condenser will be higher for the same cooling
capacity, resulting in higher exergy destruction for the cycle. Compared with R134a EEC, the R32
EEC has higher total exergy destruction and offers lower exergy destruction decrement over the
corresponding BC. The application of an ejector instead of a throttle valve decreases the cycle’s total
exergy destruction by 8.84%—15.84% and 10.16%—19.38% for R32 and R134a, respectively, under the
given ranges of evaporating and condensing temperatures. Furthermore, the decrement ratio is
increased (higher iEx) at higher condensing temperatures or lower evaporating temperatures owing to
the greater potential for expansion work recovery for both refrigerants.

OF — Ex _-R32 —Ex _ -R32 A

tot,BC tot EEC” 4

45l =——Ex _-R134a=——FEx _ -R134a -
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Figure 10. Influence of condensing temperature on Extt and iExtot.
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Figure 11. Influence of evaporating temperature on Extot and iEXtot.



Entropy 2015, 17 4756

Figures 12 and 13 show the variation of the exergy efficiency of the investigated cycles with the
condensing temperature and the evaporating temperature respectively for the two refrigerants R32 and
R134a. As the condensing temperature or the evaporating temperature increases, the exergy efficiency
of the investigated cycles decreases. Compared with R134a EEC, the R32 EEC has lower exergy
efficiency and offers lower exergy efficiency improvement over the corresponding BC. The exergy
efficiency of the R32 and R134a EEC varies from 0.2189 to 0.5081 and from 0.2346 to 0.5284
respectively as the condensing temperature increases from 30 to 55 °C. The exergy efficiency of the
R32 and R134a EEC varies from 0.2884 to 0.4271 and from 0.3024 to 0.4445, respectively, as the
evaporating temperature increases from —10 to 10 °C. The variations of the exergy efficiency with the
condensing temperature or evaporating temperature are based on two parameters (Equation (33)): total
exergy destruction and the compressor actual work. Both of the two parameters increase with the
increase of the condensing temperature, but the total exergy destruction increases faster than that of the
compressor actual work, which results in the decrease of exergy efficiency with the condensing
temperature. Both the total exergy destruction and the compressor actual work decrease with the
increase of the evaporator temperature. But the total exergy destruction decreases slower than that of
the compressor actual work, which results in the decrease of exergy efficiency with the evaporating
temperature. The application of an ejector instead of a throttle valve yields 5.13%—-13.83% and
6.68%—17.95% improvement in exergy efficiency over the corresponding BC respectively for R32 and
R134a under the given ranges of evaporating and condensing temperatures. The exergy efficiency
improvement is increased (higher inex) at higher condensing temperatures or lower evaporating
temperatures owing to the greater potential for expansion work recovery for both refrigerants.

Figure 14 displays the influence of efficiencies of ejector components including the motive nozzle,
suction nozzle and diffusion nozzle on the optimum SNPD with the operating conditions of teva = 5 °C
and tcon = 40 °C. It can be seen that the optimum SNPD first increases slowly and then rapidly with the
increase of each component efficiency. The efficiencies of the components have a significant impact
on the optimum values of SNPD for R134a. With the efficiency increasing from 0 to 1, the optimum
SNPD varies from 0 to 13kPa for the motive nozzle and suction nozzle, and varies from 0 to 17kPa for
diffusion nozzle. Whereas the effects of the efficiencies of nozzles on the optimum SNPD is relatively
small for R32. The optimum SNPD increases only from 0 to 3 kPa with the efficiency of the nozzle
increasing from 0 to 1. Among these components, the effect of the diffusion nozzle efficiency on the
optimum SNPD is relatively more significant.

Figure 15 illustrates the variations of the iCOP versus the efficiency of each ejector component with
the operating conditions of teva = 5 °C and tecon = 40 °C. As can be seen, iCOP increases with the
increase in the efficiency of each component. However, the suction nozzle efficiency on the EEC
performance is comparative less among the three components. This is consistent with the published
papers [19]. With the efficiency increasing from 0 to 1 for motive nozzle, suction nozzle and diffusion
nozzle, the increment of iCOP are about 9.52%, 0.45% and 9.58%, respectively, for R32, the
increment of iCOP are about 12.56%, 3.00% and 13.30%, respectively, for R134a. This implies that in
the design of ejector for the EEC, more attention should be paid to the optimization of diffusion nozzle
and the motive nozzle.



Entropy 2015, 17

Figure 14. Influence of ejector component efficiencies on optimum SNPD.
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Figure 15. Influence of ejector component efficiencies on iCOP.

5. Conclusions

In this paper, the performance of ejector-expansion refrigeration cycle using R32 is presented in

comparison with R134a through the energetic and exergetic analysis under the typical air conditioning

operating conditions. The following conclusions are drawn from the results of the present study:

(1)

2

3)

4)

The cycle COP of R32 and R134a EEC are at a range of 3.578-8.464 and 3.749-8.792,
respectively. The R32 EEC and the R134a EEC have a 5.22%—-13.77% and 6.63%—17.83%
improvement in COP over the corresponding basic cycle, respectively.

The application of an ejector instead of a throttle valve decreases the cycle’s total exergy
destruction by 8.84%—15.84% and 10.16%—-19.38% for R32 and R134a, respectively.

The exergy efficiency of the R32 and R134a EEC varies from 0.2189 to 0.5081 and from
0.2346 to 0.5284, respectively. The application of an ejector instead of a throttle valve yields
5.13%-13.83% and 6.68-17.95% improvement in exergy efficiency over the corresponding
basic cycle respectively for R32 and R134a.

There exists an optimum SNPD which gives a maximum system COP and VCC under a
specified condition. The value of the optimum SNPD mainly depends on the efficiencies of the
ejector components, but is virtually independent of evaporating temperature and condensing
temperature. The optimum SNPD varies from 0 to 3 kPa and from 0 to 17 kPa for R32 and
R134a respectively. Among the components of ejector, the effect of the diffusion nozzle
efficiency on the optimum SNPD is relatively more significant. In addition, the improvement of
the component efficiency, especially the efficiencies of diffusion nozzle and the motive nozzle,
can enhance the EEC performance.
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Nomenclature
BC basic refrigeration cycle
cop coefficient of performance
CPR compression pressure ratio
EEC ejector-expansion refrigeration cycle
Ex exergy [kJ/kg]
h enthalpy [kJ/kg]
iCOP  improvement of COP
iEx variation ratio of exergy destruction
iVCC  improvement of volumetric cooling capacity
m mass flow rate [kg/s]
p pressure [kPa]

Subscripts
0 reference environment hx
com compressor mn
con condenser r
dn diffusion nozzle sn
eva evaporator tot
mix mixing chamber tv
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