Journal of the Korean Society of Marine Engineering, Vol. 43, No. 3 pp. 145~150, 2019 ISSN 2234-7925 (Print)
J. Korean Soc. of Marine Engineering (JKOSME) ISSN 2234-8352 (Online)
https://doi.org/10.5916/jkosme.2019.43.3.145 Original Paper

h

=71 224 dv F7I4F 9T Atol2e A 54 47
S e

(Received January 2, 2019 ; Revised January 24, 2019 ; Accepted March 5, 2019)

Performance characteristics of vapor separation process

in pre-cooled vapor compression refrigeration cycle
Kyung-Rok Mun' - Sang-Kook Yun'
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Abstract: The purpose of this study is to improve the performance of the current vapor compression refrigeration cycle com-
posed of a compressor, a condenser, an expansion device, and an evaporator. In the refrigeration cycle, a certain portion of the
liquid refrigerant evaporates after the expansion process, and the evaporated vapor refrigerant does not play a role in the re-
frigeration effect in the evaporator. Therefore, a new two-stage expansion refrigeration cycle, in which the vapor is separated
from the mixture after the middle expansion process, was introduced and analyzed. It was found that the new vapor-separated
cycle significantly improves the coefficient of performance by ~30% compared with that of the current existing refrigeration cy-
cle, when a middle expansion pressure of 5 bars is applied in a typical R-134a domestic freezer cycle working in the
high-pressure condition of 10.166 bars, a condensation temperature of 35 °C having 5 °C of pre-cooling, and a low-pressure
condition of 1.064 bars and —25°C. In addition, because the mass flow rate of the liquid phase in the evaporator decreases by
~15%-20% compared with that of the current cycle, the evaporator size can be significantly reduced.
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Figure 1: Current typical refrigeration cycle of domestic

freezer

Table 1: Analysis conditions for Figure 1 cycle
No. 1 2 3 4 5 6

P (bar) |10.166(10.166| 1.064 | 1.064 | 1.064 |10.166

T (T) 40 35 -25 -25 | -15.6 59

Quality - -
h (kl/kg) | 256.4 | 248.9 | 248.9 |383.4| 390.9 | 440.2

0.37825] 1.0 - -

s(kJ/kgK) - - - - 1.7756 | 1.7756
flowrate

(ke/s) 1.0 1.0 1.0 1.0 1.0 1.0
22 ME222 S| Z2l4 Y H= AH0I2
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MZE T4 Figure 2= Figure 19] 71& 34 G
WA E 29 B Al WA} A2 BAAFAE 8

i 7R E7)E ol stel Y T LAY FVIE BT
Zo|th. Table 2°] = o] Alo]Ee] 4 THoZ Al
A T 27 QS 5 bar, 2CHE dlWalo] SEal L
= 38C=E 143 Ao|th

Figure 2: Vapor separation process in the two-stage ex-
pansion cycle with pre-cooling system using cold energy of

the separated vapor only
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Table 2: Analysis conditions for Figure 2 cycle

No. 1 2 3 4
P (bar) 10.166 | 10.166 5 5
T (T) 40 38 15.7 15.7
x(Quality) - - 0.1717 1.0
h (kJ/kg) 256.4 2534 2534 407.5
s (kJ/kgK) - - - -
flow rate (kg/s) 1.0 1.0 1.0 0.1717
5 6 7 8 9 10
5 5 1.064 1.064 1.739 10.166
33.6 15.7 -25 -25 -13.5 47.1
- 0.25114 1.0 1.0 -
424.8 221.5 221.5 383.4 390.5 4273
- - - - 1.736 1.736
0.1717 0.8283 1.0 1.0
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Figure 3: COP variation with sub-cooled temperature of the
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cycle using cold energy of separated vapor only
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Figure 4: New vapor separation pre-cooled two-stage ex-

pansion cycle (VSPEC) using cold energy of separated vapor

and evaporator outlet vapor

Table 3: Analysis conditions for Figure 4 cycle

No. 1 2 3 4
P (bar) 10.166 | 10.166 5 5
T (7) 40 35 15.7 15.7
x(Quality) - - 0.14781 1.0
h (kJ/kg) 256.4 249.0 249.0 407.5
s (k/kgK) - - - -
flow rate (kg/s) 1.0 1.0 1.0 0.14781
5 6 7 8 9 10
1.064 1.064 1.064 1.6458 | 1.6458 | 10.166
15.7 -25 -25 -14.5 -4.9 52.8
0 - 1.0 - - -
221.5 221.5 383.4 387.0 389.4 433.5
- - - - 1.7552 | 1.7552
0.14781 1.0

Figure 5: Mollier diagram of VSPEC
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