Journal of the Korean Society of Marine Engineering, Vol. 41, No. 3 pp. 191~196, 2017 ISSN 2234-7925 (Print)
J. Korean Soc. of Marine Engineering (JKOSME) ISSN 2234-8352 (Online)
https://doi.org/10.5916/jkosme.2017.41.3.191 Original Paper

NES CO, LE AAFAolE IFX A AH HSEA AT
4

(Received January 6, 2017 ; Revised February 15, 2017 ; Accepted March 6, 2017)

—+

Study on the performance characteristics of a new CQO, auto-cascade heat pump system
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Abstract: Owing to the harmful environmental effects of HCFC and CFC refrigerants discovered in the late 20th century, the
need for environmentally friendly refrigerants such as CO, in cooling systems has increased. Air-source CO, heat pumps that
utilize ambient heat in cold winter are less efficient because of a higher evaporation temperature, and it is difficult to manu-
facture the components of the heat pump owing to a super critical pressure of over 130 bar. This research aims to overcome
these disadvantages and improve energy efficiency by introducing a new lower-pressure CO, auto-cascade heat pump system.
CO,-R32 zeotropic refrigerants were considered for two-stage expansion and effective cooling heat exchanging system config-
urations of the new auto-cascade heat pump. The results indicated that the efficiency of the two-stage expansion system was
higher than that of the original one-stage expansion system. Furthermore, the two-stage expansion system showed significant
performance improvements when the two-stage expansion stage from highest pressure of 70bar, intermediate expansion pressure
of 25bar, and final low pressure of 10bar is applied. The COP of the new two-stage auto-cascade system (2.332) was 43.15%
higher than that of the present simple auto-cascade system (1.629). Refrigerants having an evaporation temperature of -10TC or
lower can be obtained that can be easily evaporated in an evaporator even at a low temperature.
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a : Compressor, b : Condenser, c: Liquid vapor separator, d :

Heat exchanger, ¢ : Expansion valve, f : Evaporator, g : Heater

No. 1 2 3 4 5
P(bar) 70 70 10 10 70
T(C) 45 45 -25.7 | -21.3 45

flowrate 1.0 0.729 | 0.729 | 0.729 0.271
h(kJ/kg) 346.9 | 323.9 | 3239 | 417.5 408.8
x(Quality) | 0.271 0 0.562 | 0.8411 1.0
Mole ratio
(CO,/R32) 0.7:0.3 0.6846:0.3154 |0.741:0.259
6 7 8 9 10 11
70 10 10 10 70
-20.7 -32.8 -21.7 -21.4 -19.5 -122
0.271 0.271 0.271 1.0 1.0 1.0
157.7 157.7 465.3 430.5 469.2 563.4
- 0.0757 1.0 0.884 1.0 -
0.741:0.259 0.7:0.3

Figure 1: Analysis of present simple CO, auto-cascade heat
pump system
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e : Ist Expansion valve, g: 2nd Expansion valve

100} - % 9 < No. 1 2 3 4 5
J/\ DI' 1 | Il il 1 /l \ Il l/ Il Il | I’ /\‘y\ P(bar) 70 25 25 10 10
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Figure 2: Mollier diagram of present simple CO, au- flowrate 1.0 1.0 0.448 | 0448 | 0.448
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Figure 4: Mollier diagram of two-stage expansion system of

CO, auto-cascade heat pump
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No. 1 2 3 4 5
P(bar) 70 25 25 25 10
T(C) 45 1.43 3.27 -10.7 -27,1

flowrate 1.0 1.0 0.448 | 0.448 0.448
h(kJ/kg) 346.9 | 3469 | 207.2 | 178.6 178.6
x(Quality) - 0.552 0 - 0.1001
Mole ratio
(CO./R32) 0.7:0.3 0.5822:0.4178
6 7 8 9 10 11
70 10 10 10 10 70
3.27 -24.68 -1.73 -13.8 -7.6 136.9
0.552 0.552 0.552 0.448 1.0 1.0
460.1 460.1 483.3 479.3 481.5 582.5
1.0 - - 1.0 - -
0.792:0.208 0.7:0.3

Figure 6: Analysis of new two-stage expansion system of
CO, auto-cascade heat pump
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Figure 7: Mollier diagram of new two-stage expansion sys-
tem of CO, auto-cascade heat pump
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