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Effects of Hydrophilic Surface Treatment on Condensation Heat
Transfer at the Outside Wall of Horizontal Tube
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ABSTRACT: Condensation heat transfer characteristics have been investigated
experimentally when a water vapor is condensed on the outside of a horizontal copper
tube in a condenser. This problem is of particular interest in the design of a
LiBr-water absorption system. Hydrophilic surface modification was performed to
increase the wettability on the copper tube. The optimum hydrophilic treatment
condition using acethylene and nitrogen as reaction gas is also studied in detail. The
results obtained indicate that the optimum reaction gas ratio of acethylene to nitrogen
for hydrophilic surface modification was found to be 7 : 3 for the best condensation
heat transfer. In the wide ranges of coolant inlet temperatures, and coolant mass flow
rates, both the condensation heat transfer rate and the condensation heat transfer
coefficient of a hydrophilic copper tube are increased substantially, compared with
those of a conventional copper tube used in a condenser. It is also found that the
condensation heat transfer enhancement by the hydrophilic surface modification still
remains even after a hundred cycles of wet/dry processes.
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(b) Hydrophilic treatment tube

Fig. 1 Schematic shapes of condensation
phenomena on tube surface.
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Fig. 2 Schematic diagram of experimental set up.
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Table 1 Hydrophilic treatment conditions

7%

Table 2 Experimental conditions

(0.3 Torr, 800 mA, 90 sec) Component Parameter Value
Type CHz : Ne Heat treatment Inlet temperature (C) 15 £01
HPT 1 1:9 Condenser Flow rate ( £ /min) 39 £01
HPT 2 z; amnealing of 200 C Heat exchange area (cm?) 90

: during 20 min Heater Electric heater (kW) 35

HPT 4 7:3
HPT5 | 91 T4 2adE 459 24340
HPT 6 7:3 without annealing B dge 7EAIZAL Table 29 é‘ ) ‘:'4
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Fig. 6 Effect of coolant inlet temperature on
condensation heat flux.
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Fig. 7 Effect of subcooled temperature on
condensation heat transfer coefficient.
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