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ABSTRACT: Fin-tube evaporator for carbon dioxide has been investigated both by experi-
ment and simulation. Inside refrigerant heat transfer and outside heat and mass transfer of a
wet surface heat exchanger were modeled using appropriate correlations. The results estimat-
ed by the calculation were in good agreement with the experimental results. The simulation
errors were less than 7.9% for estimating capacity, 0.6'C for air exit temperature, 1.2% for air
exit humidity and 17% for COz exit pressure. The sirnulation program was used to study the
effect of air flow direction, number of rows and refrigerant circuits. For a 2-row evaporator,
parallel flow showed better performance for low air velocity but for high air velocity, counter-
flow was better. Refrigerant circuits, however, showed insignificant effect on the performance.

Key words: Evaporator(Z%7]), Carbon dioxide(¢]4t3letA), Heat transfer(839), Fin-tube
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Table 1 Heat transfer correlation

Air side

HTC for slit-fin
Fin efficiency

Wang et al®
Schmidt” and McQuiston®

HTC for tube/fin collar junction Sheffield et al®

Refrigerant side

Single-phase HTC
Evaporation HTC

McAdams™
Gungor and Winterton®

* HTC=heat transfer coefficient



648
8.0
‘;‘ 7.54 o
=
2
s
I 7.0- . 4.3%
2 7.9%
14
§ 6.5 —a— Experiment
z —=— Simulation
6.0 T T T
0.9 12 1.5 18 2.1

Frontal air velocitv (m/s}

Fig. 1 Heat transfer rate of evaporator.
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Fig. 2 Temperature of air outlet.
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Fig. 5 Schematic of evaporators.

Table 2 Design parameters

Parameter Data
Tube outer diameter 5mm
Tube thickness 0.5 mm
Number of steps 14
Height 273 mm
Length 700 mm
Step pitch 11.5mm
Row pitch 195 mm
Fin pitch 1.3mm
Fin thickness 0.1 mm
Air velocity 15m/s
Air inlet temperature 7C
Air relative humidity 86.47%
COq inlet quality 0.452
CO: inlet sat. temperature 2T
COz mass flow rate 14125 g/s
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Fig. 6 Heat transfer rate of evaporator.
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