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Abstract — Experimental study on characteristics of direct contact condensation of steam discharged into a
sub-cooled water pool has been performed using five different sizes of horizontal nozzle over a wide range of
steam mass fluxes and pool temperatures. Steam condensation phenomena have been observed visually and by
taking pictures of steam jets using a high speed video camera. Two different steam jet shapes such as ellipsoidal
shape and conical shape were typically observed for a stable steam jet, depending on the steam mass flux and
pool temperature. The steam jet expansion ratio and the steam jet length as well as the condensation heat trans-
fer coefficients were determined. The effect of steam mass flux, pool temperature, and nozzle diameter on these
parameters were also discussed. Empirical correlations for the steam jet lengths and the condensation heat trans-
fer coefficients as a function of steam mass flux and condensation driving potential were established. The axial
and radial temperature distributions in steam jet and in surrounding water were measured. The effect of steam
mass flux, pool temperature, and nozzle diameter were also discussed. The condensation regime map, which
consists of six regimes such as chugging, transient chugging, condensation oscillation, stable condensation, bub-
ble condensation oscillation, and intermittent oscillation condensation, were established. In addition, the dynamic
pressures at the pool wall were measured. The close relation of dynamic pressure and steam condensation
mode, which is also dependent on steam mass flux and pool temperature, was found.
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Fig. 1. Schematic diagram of experimental apparatus.
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Table 1. Test conditions.

=& Z7) Az& FERELEE
(mm) (kg/m’-s) ®)
20 250~280(25~250)* 35~50(20~95)
155 250~440(50~380) 35~75(20~95)
10.15 300~825(105~815) 35~80(20~95)
7.1 460~1045 35~80
5 870~1188(425~1190)  35~80(20~95)
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Fig. 2. Conical cavity (nozzle ID: 20 mm, mass flux:
280 kg/m’~s, pool temp.: 40°C).



Fig. 3. Ellipsoidal cavity (nozzle ID: 10.15 mm, mass
flux: 600 kg/m*-s, pool temp.: 40°C).
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Fig. 4. Expansion ratio vs. pool temp. (nozzle ID:
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