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One aspect of the Westinghouse AP1000?1 [1] reactor design is the reduction in the number of
major components and simplification in manufacturing. One design change relative to current
Westinghouse reactors of similar size is that AP1000 reactor vessel has two nozzles/hot legs
instead of three. With regard to fuel performance, this design difference creates a different
flow field in the reactor vessel upper plenum. The flow exiting from the core and entering the
upper plenum must turn toward one of the two outlet nozzles and flow laterally around
numerous control rod guide tubes and support columns. Also, below the upper plenum are the
upper core plate and the top core region of the 157 fuel assemblies and 69 guidetube
assemblies.
To determine how the lateral flow in the top of the core and upper plenum compares to the
current reactors a CFD model of the flow in the upper portion of the AP1000 reactor vessel
was created.
Before detailed CFD simulations of the flow in the entire upper plenum and top core regions
were performed, conducting local simulations for smaller sections of the domain provided
crucial and detailed physical aspects of the flow. These sub-domain models were used to
perform mesh sensitivities and to assess what geometrical details may be eliminated from the
larger model in order to reduce mesh size and computational requirements. In this paper,
CFD analysis is presented for two subdomain models: the top core region and control rod
guide tube region. These models are chosen for simulation because guide tube and top core
region (including top grid, top nozzle, and hold-down device) are the major components of
upper plenum effecting the flow patterns and pressure distribution.
The top core region, corresponding to ¼ of fuel assembly, includes components as upper part
of the fuel assemblies (top grid, fuel rods, top nozzle), core component hold-down devices,
and upper core plates. These components distribute the core flow to different sections of
guidetube regions. Mesh sensitivity studies have been conducted for each individual part in

order to determine the proper geometrical simplifications. Pressure drop measurement data
are compared with the predicted CFD results and act as a guideline for the mesh selection.
The guidetube region includes control rod guidetubes themselves, adjacent support columns
and open regions. In this study, two models of subdomains are analyzed: (1) a ¼ section of
one control rod guide tube by itself and (2) a representative unit cell containing two ¼ sections
of adjacent control rod guide tubes and one ¼ section of a neighboring support column.
Predicted flow rates at each of the outflow locations in conjunction with results from the mesh
sensitivity studies provide guidance on (1) what geometry to preserve or remove, (2) what
geometry can be simplified to reduce the required mesh, and (3) an estimate of the total mesh
required to model the entire upper plenum and top fuel domain.
The commercial CFD code STAR-CCM+ is employed to generate the computational mesh, to
solve the Reynolds-averaged Navier?Stokes equations for incompressible flow with a
Realizable k?? turbulence model, and to post-process the results.
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