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Abstract This study presents a prediction method for heat transfer performance of a gas cooler of CO, heat
pump using e-NTU method, and compared the results with the experimental data from the open literature. The
heat transfer rate, refrigerant side outlet temperature and water side outlet temperature were calculated by using
EES(Engineering Equation Solver)program in multi-tube-in-tube type CO, heat pump gas cooler. Analysis was
performed in two methods : The first method performed without dividing into the test section by applying an
analysis of the mean properties(mean analysis). The second method, tube length divided into 50 sections, was
applied to the local properties(local analysis). From the present study, a good agreement at the local analysis
was obtained between the analytical and experimental results by 0.3~1.1%, 1.31~1.88% and 3.12~5.18% for
heat transfer rate, water and refrigerant side outlet temperatures, respectively.
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[Fig. 1] T-s diagram showing the transcritical CO»
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[Table 1] Characteristics of Refrigerants[3]
. R-12 R-22 R-134a R-410A
Refrigerants CFC HOFC HEC HFC.HFC(50/50) R-717 R-290 R-744
Chemical components CCl, F» CHCIF, CH, FCF; CH, F» /CHF, CF3 NH; CsHs CO»
ODP/GWP 1/7100 0.05/1500 0/1200 0/1730 0/0 0/3 0/1
Flammability
[Toxicity N/N N/N N/N N/N Y/Y Y/N N/N
Price 1 1 35 5 02 0.1 0.1
(relative value) ' : :
Molecular weight
[Kg/kmol] 1209 86.5 102.0 72.6 17.0 44.1 44.0
Boiling point[ C] -29.8 -40.8 -26.2 -52.7 -33.3 -42.1 -78.5
Critical temperature[ C] 112.0 96.2 101.2 72.1 132.3 96.7 31.1
Critical pressure[MPa] 4.16 4.99 4.07 4.95 11.33 4.24 7.38
Refrigerating_capacity 2734 4356 2868 6763 4382 3907 22545
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[Fig. 2] Schematic diagram of Kim et al. experimental
apparatus[5]
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[Fig. 3] Geometry of Kim et al. gas cooler[5]
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[Table 2] Specification of gas cooler and experimental
result of Kim et al. [5]
Refrigerant Coolant
Di D, N L D; D,

3.1[mm] 4[mm] 8[EA] 7.5[m] 17.05[mm] 19.05[mm]
Experimental result
Parameter
1 2
P[MP4] 10.05 9.98
Tl C] 100.1 100.5
CO .07 282 28.5
T;’L[g/s] 70 70.2
Tin[ C] 17 17.1
Goat Toul CI 70.4 69.8
migsl 72.8 74.3
Q kW] 16.3 16.3
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[Fig. 4] Analysis algorithm of a gas cooler
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[Fig. 5] Comparison between heat transfer rate obtained
by Kim et al. experiment and two analytical
results
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[Fig. 6] Comparison between refrigerant side outlet
temperature obtained by Kim et al. experiment
and two analytical results
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[Fig. 7] Comparison between water side outlet temperature
obtained by Kim et al. experiment and two
analytical results
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[Table 3] Comparison of the experimental results and the
analytical ones

1 2
Qs €XP [KW] 16.3 16.3
@yt (mean) [KW] 13.67 13.61
Relative error [%] 16.13 16.50
Gypra1 (local) [kW] 16.35 16.48
Relative error (%) 0.31 1.1
T,é out_€Xp [C] 282 28.5
Tl ous (mean) [C] 25.33 24.81
Relatlve error [%] 10.18 12.95
re.out (local) [C] 29.66 29.39
Relatlve error [%] 5.18 3.12
Loy ous exp [C] 70.4 69.8
L, o (mean) [T] 61.89 60.9
Relative error [%] 12.09 12.75
L. our (local) [C] 69.48 68.49
Relative error [%] 1.31 1.88
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