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Evaporation Heat Transfer and Pressure Drop of R-404A at Low Flow
Rates in 9.5 mm O.D. Smooth and Microfin Tubes
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Department of Mechanical Engineering, Incheon National University
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Abstract A significant amount of studies were performed on evaporation heat transfer and pressure drop in microfin
tubes. Most studies, however, focused on the refrigerants used in air-conditioners or heat pumps, and very limited
information is available on R-404A, which is used in low temperature refrigeration. In this study, the evaporation heat
transfer and pressure drop characteristics of R-404A in a 9.5 mm O.D. microfin tube were investigated for the mass
flux range from 80 kg/m’s and 200 kg/m’s. A smooth tube of the same outer dimeter was also tested for comparison.
The results showed that the heat transfer enhancement ratio of the microfin tube increased with increasing mass flux
and the heat flux decreased. The relative contribution of the convective heat transfer and the heat flux on total heat
transfer was attributed to the observed trend. The pressure drops of the microfin tube were slightly (maximum 28%)
larger than those of the smooth tube. Existing correlations do not adequately predict the measured heat transfer
coefficients of pressure drops, probably due to the test range of the present study, which is outside of the existing

correlations.
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Fig. 1. Schematic drawing of the evaporator with ice
cups (unit: mm)

Fig. 2. Cross-sectional view of the microfin tube

Table 1. Detailed dimensions of the microfin and the
smooth tube

Microfin Smooth
D, (mm) 9.52 9.52
D, (mm) 8.88 8.32
D, (mm) 8.46 8.32
Dy (mm) 8.63 8.32
Dy, (mm) 5.54 8.32
Ag (mm’) 58.5 54.4
Aix (mn?) 0.0422 0.0261
Ain (mm’) 0.0271 0.0261
Ai/Ain 1.56 1.0
P, (mm) 422 26.1
e 0.2
n 60
B 18
¥ 53
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Max. uncertainties
+0.10C
+0.1kPa
+0.2%
+0.1%
+2.69%
+1.02%
+10.0%
+13.0%
+4.2%
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Parameter
Temperature
Pressure
Water flow rate

Table 2. Experimental uncertainties
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Fig. 6. Evaporation heat transfer coefficients in the
smooth tube showing the effect of heat flux
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Table 3. RMS errors of the smooth tube correlations

Correlation RMSE
Shah [18] 0.55
h .
(KW, /mzK) Kandlikar [19] 2.11
Gungor & Winterton [20] 0.32
Wojtan et al. [21] 0.44
Jung & Radermacher [37] 0.25
Muller-Steinhagen &
dPAdz) Heck [36] 063
(kPa/m)
Friedel [35] 0.46
Moreno-Quiben & Thome [38] 0.62
6 .
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Fig. 8. Evaporation heat transfer coefficients in the
microfin tube showing the effect of mass flux
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Table 4. RMS errors of the microfin tube correlations

Correlation RMSE

Koyama et al. [23] 0.42

Thome et al. [25] 0.34

h Goto et al. [26] 0.21
(kW/m’K) Newell and Shah [27] 0.34
Charmra & Mago [29] 0.52

Hamilton et al. [8] 0.61

Kido et al. [24] 0.74

Cavallini et al. [40] 0.44

Choi et al. [41] 0.51

dP/dz); Newell & Shah [27] 0.65
(kPa/m) Goto et al. (¢,) [26] 0.58
Goto et al. (¢)) [26] 0.53

Bandarra Filho et al. [42] 0.43
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