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Abstract

Condensation heat transfer experiments were conducted with the oblong shell and plate heat
exchanger without oil in a refrigerant loop using R-134a, R-407C and R-410A. An experimental
refrigerant loop has been developed to measure the condensation heat transfer coefficient A, and
frictional pressure drop Adp; of the various refrigerants in a vertical oblong shell and plate heat
exchanger. The effects of the refrigerant mass ﬂux(40~80kg/mzs), average heat flux(4~8kW/m’),
refrigerant saturation temperature(30~407C) and vapor quality of refrigerants on the measured data were
explored in detail. Similar to the case of a plate heat exchanger, even at a very low Reynolds number,
the flow in the oblong shell and plate heat exchanger remains turbulent. A comparison of the
performance of the various refrigerants revealed that R-410A had the highest heat transfer performance
followed by R-134a, and R-407C had the lowest performance of the refrigerants tested. The pressure
drops were also reported in this paper. The pressure drops for R-410A were approximately 45% lower
than those of R-134a. R-407C had 30% lower pressure drops than R-134a. Experimental results were
compared with several correlations which predicted condensation heat transfer coefficients and frictional
pressure drops. Comparison with the experimental data showed that the previously proposed correlations
gave unsatisfactory results. Based on the present data, empirical correlations of the condensation heat
transfer coefficient and the friction factor were proposed.
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Fig. 1 Schematic diagram of heat transfer plate
of oblong shell and plate heat exchanger
used in the present work

Table 1 Configurations of oblong shell and plate
heat exchanger used in the present work

Plate material SUS 304
Shell material Steel
Plate length [m] 0.381
Port diameter [m] 0.025
Pitch between plates [m] 0.0028
Plate thickness [m] 0.0007
Max. working pressure [MPa] 10
Category temperature range [C] | -196 ~ 400
Surface per plate [m’] 0.073
Chevron angle [°] 45
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Fig. 3 Details of condensation flow direction

Table 2 Test conditions of the present work

Refrigerant mass flux [kg/mzs] 40 ~ 80
Heat flux [kW/m’] 4~ 8
Saturation temperature [TC] 30 ~ 40
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Table 3 Thermophysical properties of refrigerants tested at 30C

Refrigerant | p [MPa] o [kg/m’] U [m¥/kg] W [pkg/ms] k [mW/mK]  cp; [kWkgK] i [kI/kg]
R-134A 0.77020 1187.5 37.5 185.8 79.0 1.446 173.1
R-407C 1.17446 1139.7 50.8 153.6 90.3 1.524 185.3
R-410A 1.87059 1038.1 76.1 1133 96.9 1.741 178.9
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