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This thesis presents the study of condensation and heat transfer behaviors of hollow-cone spray nozzle
in a direct contact condenser (Jet condenser). A mathematical model is formulated to study the behavior of
condensation and heat transfer between subcooled water spray and vapor from vacuum pan. The model was
divided into two portions based on the physical feature of hollow-cone spray: 1) continuous liquid sheet (sheet
portion) and 2) droplet portion. Depending on the assumptions: 1) sheet portion, trajectory of spray was
considered turbulent flow due to swirling flow inside a spray nozzle, the turbulent thermal conductivity model
was applied to predict the heat transfer with negligible condensation of vapor and 2) droplet portion, the droplet
to be the sphere, the internal mixing inside the droplet model was applied to predict the heat transfer. The
presents calculation of condensation efficiency is in better agreement with the experimental [1] than the
calculation of Takahashi et al. [1]. Because of the viscous forces in the stream-wise and tangential momentum
equati(;ns are accounted for through the interfacial friction forces acting on vapor-water interfaces.

In the application of model, CFD is used to simulate 3D turbulent flow inside the spray box in the jet
condenser by finite volume method, for calculation of the mass flow rate of each spray nozzle. Then, the overall
heat transfer rate, the overall condensation rate of vapor and the mean heat transfer coefficient of jet condenser
are calculated. Tpe results showed that the overall heat transfer rate, the overall condensation rate of vapor and
the mean heat transfer coefficient were increased as function of total mass flow rate of subcooled water inlet of
jet condenser.

To reduce the subcooled water spray consumption of jet condenser, the thesis is concluded in two
applicable methods: 1) decreasing the temperature to 1 °C of subcooled water spray is resulted in reducing 4.5
m3/hr of subcooled water consumption within 60 m’ vacuum pan, varying from 25 °C t040 °C and 2) closing
some spray nozzle in the jet condenser to achieve appropriate evaporation rate of vacuum pan, is found that the
4-closed spray nozzles cﬁn reduce the subcooled water consumption by 53.105 m’/hr within 55 m’ vacuum pan
and the 8-closed spray nozzles can reduce the subcooled water consumption by 106.594 m’/hr within 45 m’

vacuum pan.





