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Condensation of water-ethanol mixture on vertical tubes
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Abstract: The condensation heat transfer of the water-ethanol vapor mixture on vertical tubes with
different radii was studied experimentally at the same vapor velocity and different vapor pressures. A wide
range of ethanol concentration was used. The results indicated that the condensation heat transfer of water-
ethanol vapor mixture on vertical tubes was extremely intensified in the low ethanol concentration
range. The maximum heat transfer coefficient was 150 kW e m 2 « K" at p=84.52 kPa, U=2m s ',
C=1%, on the tube with 5 mm radius, which was around 8 times of that of pure water vapor. With the
increase of ethanol concentration, the condensation heat transfer coefficient decreased notably. Moreover,
with the increase of vapor-to-surface temperature difference, the condensation curves of heat flux and heat
transfer coefficient revealed nonlinear characteristics and had peak values. The nonlinear condensation
characteristic curves were caused by the complex changes in condensation mode and the diffusion resistance
inherent as vapor-side thermal resistance in the condensation of the binary vapor mixtures. The
condensation heat transfer characteristics were also different when different tube radii were adopted. Under
the same conditions, the maximum heat transfer coefficient of the vapor mixture on the vertical tube with
5 mm radius was at a higher degree of super-cooling of surface compared with that of the tube with 10 mm
radius, and the value was higher than that of the tube with 10 mm radius. In addition, according to the

condensation modes recorded, dropwise condensation occurred over a wide range of ethanol concentration
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and vapor-to-surface temperature difference.

Key words: dropwise condensation; Marangoni; water-ethanol vapor; phase change
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Schematic diagram of experimental apparatus

Fig. 1
1—vapor generator; 2—heaters with regulator;
3—water tank; 4-—hot water pump; 5——cooling

water injected; 6—tube for test; 7—condensation chamber;

8—observation window; 9—CCD camera;
10—flow meter; 11—auxiliary condenser;
12—cooling water || out; 13—cooling water || in;
14—cooling water | out; 15—cooling water [ in;
16—tube and shell cooler; 17—to vacuum pump;

18— constant temperature tank
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