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Abstract : The condensation heat transfer coefficients and pressure drops of hydrocarbon refrigerants (R-290
and R-600a) and hydrochlorofluorocarbon (HCFC) refrigerants were measured in the two horizontal double pipe
heat exchangers with inner diameters of 10.07 mm and 5.80 mm at a mass flux of 35.5~210.4 kg/m’s and the
condensation temperature of 407C. The average condensation heat transfer coefficients of hydrocarbon
refrigerants were higher than that of HCFC refrigerant(R-22). The pressure drop had a magnitude in the order of
R-600a > R-290 > R-22. The pressure drops in the tubes with inner diameter of 10.07 mm were approximately
6~15%, 9.8~12.5% and 2.1~4.6% higher for R-600a, R-290 and R-22, respectively, than those with inner
diameter of 5.80 mm. The condensation heat transfer coefficients were compared with the published
experimental data, and showed the best agreement with Haraguchi et al.'s correlation.

Key word : Heat transfer coefficient, Pressure drop, Refrigerant mixture, Flow pattern, Alternative refrigerant,
Hydrocarbon refrigerant
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Figure 1. Schematic diagram of the experimental apparatus.
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Table 1. Experimental conditions used in this research

Parameters R-22 R-290 R-600a

Test section Horizontal smooth copper tube

ID. of test section, mm

(O.D. of test section, mm) 10.0712.07), 5.80(6.35)

50.0~ 35.5~ 35.5~
210.4 165.1 178.8
Reynolds number at  [37,240 ~15 37,970~ 44,300~
condenser inlet 6,700 176,600 223,100
Condensation
Temperature, ()

Mass flux, (kg/mzs)

40

Cooling capacity, kW) 0.95~10.1
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Table 2. Parameters and estimated uncertainties

Parameters Uncertainty
Temperature (C) + 01T
Pressure (kPa) + 2 kPa
Water flow rate (kg/s) + 1%
Refrigerant flow rate (kg/s) + 1%
Mass velocity (kg/m2 s) + 1%
Vapor quality + 7.5%
Heat flux (kW/m®) + 7.8%
Heat transfer coefficient (k\W/m2 K) + 9.1%
Pressure drop (kPa) + 90 kPa
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Figure 3. The two-phase flow map proposed by
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are calculated by Eqs. (5), (3), (6), and
(4), respectively.
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Table 3. Thermophysical properties of refrigerants used in
this study at the saturation temperature of 40°C
[REFPROP(version 6.01)]

Types of Refrigerants
Property State
R-22 R-290  R-600a
Density Liquid | 1129 4673  554.7
(kg/m”) Vapor 66.19 30.21 9.442
Viscosity Liquid 139.4 82.49 138.5
(10°Pa-s) Vapor | 1352 9415 8070
Thermal Conducti\rity quuld 0.07688 0.0858 0.1012
(mW/mK) Vapor | 0.01302 0.02152  0.01818
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Figure 7. Average heat transfer coefficient (hca) vs. mass
flux (Go) in the smaller tube, d; = 5.8 mm.
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Table 4. Average deviation of experimental- and correlated
heat transfer coefficients,

1[5 [ Pt = Pexpi
Average deviation, O, (%)
Authors Refrigerant
(d;=10.07 mm) (d;=5.8 mm)
R-22 73 24.5
Shah R-290 314 14.1
R-600a 54.6 274
R-22 10.3 -30.3
Traviss et al. R-290 6.2 20.3
R-600a 10.0 20.0
B R-22 14.3 25.6
CZE‘Z:CIEE " R-290 7.4 16.7
R-600a 13.0 20.1
) R-22 2.5 299
HaragL;d“ 1 Rr290 10.0 7.9
- R-600a 9.8 4.0
R-22 24 10.3
Dobson et al. R-290 17.0 21.1
R-600a 10.0 4.5
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