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An ejector-expansion refrigeration cycle employing N,O is studied in this paper and thermodynamic
and exergy analysis is carried out to find out the effect of some key factor within the system and draw a
comparison between this model and the others employing the same refrigerant and also CO..
Furthermore, the model developed in this study was validated by the same model proposed in other
studies for CO, as working fluid within the three types of these cycles, vapor-compression refrigeration
cycle (VCRC), internal heat exchanger cycle (IHEC) and ejector-expansion refrigeration cycle (EERC).
The results for N,O showed that the ejector entrainment ratio, one of the important parameters in
ejector-expansion cycles representing the proportion of vapor and liquid in the outlet of ejector
noticeably varies with high-side pressure of the cycle, just opposite the variation of vapor at the outlet of
the ejector. The results show that Ejector-Expansion Refrigeration Cycle obviously has the highest
maximum coefficient of performance and exergy efficiency by about 12% and 14% more than Internal
Heat Exchanger Cycle; meanwhile these are about 15% and 16.5% higher than Vapor-Compression
Refrigeration Cycle ones, respectively. Moreover, the total exergy destruction in N,O ejector-expansion
cycle is 63.3% and 54% less than IHEC and VCRC and the exergy destructed in expansion process
within EERC is 19.39% and 40.497% of total destruction less than IHEC and VCRC. Furthermore, the
highest COP for vapor-compression refrigeration, internal heat exchanger and ejector-expansion
refrigeration cycles is corresponding to the high side pressure of 7.328 MPa, while this value for CO,
refrigeration cycle is about 8.5 MPa.
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Fig. 1 (a) P-h diagram of the ejector expansion system, (b) the transcritical N,O cycle with an ejector expansion system.
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Fig. 2 (a) Vapor-compression refrigeration cycle (VCRC), (b) Internal heat exchanger cycle (IHEC)
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Table 1 Operation conditions for the ejector expansion N,O transcritical refrigeration cycl

(KGIS) oy o0 S (KI/kg K) 5,51 (kJ/kg) sl (MPa) ,Lus (°C) Les alais

06 1 1.52 394.4 3.86 85 1

0.6 - 1.55 435.1 85 75 2

0.6 - 0.99 254 85 36 3

06 0.32 1.01 246.9 353 5 4

1 0.59 1.22 308.3 353 5 5

1 0.60 1.23 310.8 3.86 85 6
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Fig. 4 (a) Entrainment Ratio, (b) Vapor quality versus compressor discharge pressure
29 eS 3l 5795 S e L8 Sl ez eSSl (2o B CoiS 5 (RS o Dl 4 S50

T T T T T T
5
al
3
= L
H
£ o
-
o
z
2 2r
Z
2
1k
ol 0 v P R R S

L
0.1 0.2 03 0.4 0.5 06 07 0.8

@ Ejector Enteainment Ratio
a

[ — T —T — — T
424
52| —m—T,=rC
o —a—, 5 1
48| —
z 48 b4
& <
z F >
o
= 44 z
5 - :*- eeeas g
7 F [ T & g oo £
£ Dy &
4 ~J
36 :
L 1
1
L L I I L Il L 1 14
01 02 0,3 04 05
Ejector Entrainment Ratio
(b)

Fig. 5 (a) COP, (b) Pressure and temperature of ejector outlet versus entrainment ratio
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Fig. 6 (a) COP, (b) Exergy efficiency of the system for three different configurations
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Table 2 Exergy destructions in all the three types of N,O refrigeration cycles

at the high-side pressure of 7.328 MPa
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