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RPI Milestone: Development of a mechanistic subcooled boiling
model for PWR assemblies

1 TOP FOCUS AREA ACHIEVEMENTS

e Top achievement 1 - The formulation of a mechanistic multidimensional model of vapor
condensation in subcooled boiling. The new model allows to separately capture each:
the near-wall condensation and bulk condensation, as functions of local flow and heat
transfer conditions.

e Top achievement 2 - The validation of a complete computational model of subcooled
boiling model against several experimental data sets. This work will continue, to be
completed by the end of FY’14.

e Top achievement 3 - The prediction of size and trajectory of a vapor bubble subject to
simultaneous evaporation and condensation in a nonuniform temperature field typical to
near-heated-wall conditions in subcooled boiling.

e Top achievement 4 - Framework development for mechanistic model subcooled boiling
two-phase flow in PWR fuel assemblies with spacers

e Concept development for a mechanistic model of DNB

2 NEWSCIENCE OR DISCOVERIES

¢ It has been demonstrated that a consistent coupling between physical two-phase closure
laws and computational domain formulation imposes several new constraints on the best
practice principles developed for single-phase flows.

3 NEWINSIGHTS OR DEEPENED UNDERSTANDING

e A new insight has been achieved into the multiscale (DNS vs, RANS) modeling
approaches to two-phase flow with phase change.

¢ It has been demonstrated that the proposed models of subcooled boiling are applicable
to different geometrical configurations, including PWR fuel assemblies with spacers.
4 CHALLENGES ENCOUNTERED

e The accurate predictions of local heat transfer at bubble/liquid interface during boiling
and/or condensation, and the associated bubble deformation, have been identified as a
major challenge when using a computational method based on interface tracking.

e To overcome this problem, a multiple-level approach has been proposed, combining
simplified theoretical models, detailed simulations of flow and heat transfer around
prescribed-size/shape bubbles, and parametric testing of a complete interface-tracking
level-set model.

5 SCIENTIFIC OUTPUT
The results of the work a RPI have been published in the following papers:

1. 1. Bolotnov, K. Jansen, D. Drew, A. Obrerai, R.T. Lahey, Jr. and M.Z. Podowski, "Direct
Numerical Simulation of Two-Phase Turbulent Bubbly Channel Flow", Proc. 7th
International Conference on Multiphase Flow (ICMF), 2010.
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E.A. Tselischeva, S.P. Antal, M.Z. Podowski, D. Guillen, M. Beyer and D. Lucas, "Analysis
of Developing Gas/Liquid Two-Phase Flows", Proc. 7th International Conference on
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H. Jiao and M. Z. Podowski, An Analysis of Multidimensional Models of Gas/Liquid
Flows”, ANS Proc., 2012 Winter Meeting, San Diego, CA, 2012, pp.1393-1394.
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H. Jiao, S.P. Antal and M.Z. Podowski, "Modeling and Analysis of Interfacial Heat Transfer
Phenomena in Subcooled Boiling along PWR Coolant Channels”, Paper#587, Proc. 15th Int.
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