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Abstract:

Nuclear energy will play an important role in the global energy mix as the world works toward
achieving its energy demands. Today, fourth-generation (Gen IV) nuclear reactors are being
designed and investigated around the world. Among the six candidates of Gen IV nuclear reactors
is the very high temperature reactor which is either pebble bed or prismatic block reactor. Both are
graphite-moderated and helium gas cooled nuclear reactors. They use TRISO nuclear fuel particles
that are manufactured in gas-solid spouted bed coaters. Transforming these reactors and fuel
manufacturing from concepts, lab scales and pilot plant demonstrating scales to commercial plants
require extensive research to properly design and operate them and to ensure their safe operation
and reliability. The pebble bed structure, flow dynamics of the pebbles, the interactions of the
pebble with the flowing coolant gas, the heat transfer from the surface of the pebbles to the gas
phase, and the dynamics of the flowing coolant gas are complex phenomena due to interrelated
complex interactions and transports among the phases. Related to Prismatic blocks, natural
convection and circulation between the upper and lower plena and the heat transfer from the inner
surfaces of the channels to the circulated gas are not well understood and there is a lack of
benchmarking data for validating CFD codes and models with the related heat transfer
computation. The process of coating the TRISO nuclear fuel particles with four layers of carbonic
materials is another challenge. This is due to complex interactions among the phases which makes
the scale-up of these coaters for commercial production while maintaining the fidelity of coating
and the particles integrity a difficult task and one of the bottlenecks for safe commercializing these
high temperature gas cooled reactors. Accordingly, to advance the knowledge and understanding
of these interplay phenomena for safe and efficient design, scale-up and operation of these systems,
investigations using advanced measurement and computing techniques are needed. Recently, our



research laboratory (Multiphase Flow and Reactors Engineering and Applications (mFReal)) has
been developing novel approaches, integrated techniques and separate effects experiments toward
studying these complex phenomena under various nuclear programs DOE funding. In this
presentation, the new developments and the recent advancement that we have made for advancing
the technology of pebble bed and prismatic block nuclear reactors and the TRISO nuclear fuel
particles coaters of gas-solid spouted beds for the 4™ generation nuclear energy will be overviewed
and presented.
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