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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
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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) Jlas (°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 3.53 5 4
1 0.59 1.22 308.3 353 5 5
1 0.60 1.23 3108 3.86 85 6
04 0 0.781 185 3.86 85 7
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Fig. 3 Validation of the proposed model based on CO, as working fluid
for three types of the cycles

L (BERC) sl 5,551 sy 5 S 55ty oo i L2213 IS
COQ d).?.n

437

8 bonds (gilwand Wy S a0 ,Sos duy Uil -2-4
N20 Gy

o515 S5 S (EERC) bl g, 5551 a5 JSoms L5 ol 4o
22 L (HEC) J3ls &)= Jowe by JSew 5 (VERC) v
9o 5 Jsl 0sB ool luly JSew 4w o 0 LSy adsl Lo

Ol o S ds (65,551 003 5 0, Sles oo dunlie
(blsh 6,852 w15 S a5 318 (LS jgm eSSl (29,5 30 L3
o 50 b aslie o 65,551 o3jk 5 0 Sdes e YL Gl
A8 S 0, 8es sy 4S5 5k (B JSE) Cenl [0 0 (g jlwds
o by S 5l i a0 )0 14 9 12 (o5 4y (bbb 6,558
S 053 i il Lo a1 e S 5 s
4 0 S 9 b e (15 Ll 5 ol g 55l a5 S
5 K Gl e b sy IS 5l iy 000 165 5 15 s 5
5 a8l oy oS5 5

S s o (5l a5 sl 1 26 S 51 bl L5 (5S04
Sy jLad oS 09 o0 Jol> (Sloj 3 ,Shee o po (i 00l (lannd
Hlad jlade a5 > 0 00,8 7.328MPa L ply jouw peS 5l 29,5 50
8.5 MPa il 55i oolitwl N20 gl 4y CO2 o, 5 a5 Sy bl
COz slr 4 N2O 5,0 51 51 o S5 amii ofiise caliles ool
08 ST lp 65 OlE S A 2 50 jgm peS 390 oslinul
2,5 dale> 8 ras 3y

sl )3 a5 o (g3lwdnds S dws slizl (65,551 Sl 2 Jgax 5o
Ol 5o 8 Canl medgr @ p3Y Lo 5wl g ool azs 5 ISG N20 o
s plel gles 5 7.328 MPa jgus1aS 5l Z9,5 10 Sy jlid Sliwlxe

01 o)less 18 0951397 O35 8 (t)u)'é.ﬁ vtlivy o diys


www.SID.ir

O 9 Sl s o3BT wgels

N20 S5l G99 3 00 GBI b bl (5 )giSal 33,45 JSamw Saolia 39055 093 9 Ul Uil w2

OIB 7 I I ‘ I ' ' j J T T T =
..'-...C.‘.‘I..l.."l."
Py
7 : an amm |
" ..:f::':%..- III-III-IIIIIIIIIIIIII
b -
& 068G .;;ﬁ.ll 7
g &
1 - — e J
g I B—7.=0°C 1
: 7 —&—1,=5C i
2 04 _
: I —e—i=1C 1
8
2 03 ]
- 7
02 ]
1 & 7
01 ]
| 1 I 1 I 1 | ) ‘ ‘
7 8 9 10 ” L 5
“ High-side Pressure (MPa)

.
_\ —_—— T, =0 7
08| ® —a—T,=5C 4
= L —— 171, 10°C |
E
(=4
= 07 -
5
- -
i)
o5 CeiHIMMEMmnmansnnmnnenes
05k 4
I L Il L Il L 1 1 1 L 1 L
7 8 9 10 11 12 13
High-side Pressure (MPa)
(b}

Fig. 4 (a) Entrainment Ratio, (b) Vapor quality versus compressor discharge pressure
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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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