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Abstract

A production simulation model for thermal-hydraulics analyses of Oak Ridge National Laboratory
(ORNL)'s High Flux Isotope Reactor (HFIR) has been developed in COMSOL Multiphysics.
Development of the COMSOL model - which is now being applied to analyze HFIR's Low
Enriched Uranium core - is guided by the following specific goals and criteria: (a) Model should
capture the 3D involute geometry and other key features of the HFIR plates and channels. (b)
Solution time for the steady state simulations should be within acceptable time and resource limits.
(c) Accuracy of the production model in comparison with the detailed 3D model should be in an
acceptable range. Only one fuel plate and one coolant channel of each HFIR fuel element (Inner
and Outer Fuel Element, IFE and OFE) is modeled in 3D, known as 1P1C or One Plate One
Channel model, and the effects of other plates and channels in each element are modeled through
periodic boundary conditions. Side plates are not modeled explicitly. Their effects are captured by
either a constant temperature or insulated boundary conditions at the side edges of the plate and
coolant channels. Aluminum claddings of the HFIR fuel plates are captured accurately. In each fuel
plate, the clad is present in the top and bottom 2" and in both 10mm thick layers sandwiching the
30mm thick LEU fuel/poison meat (Each HFIR fuel plate is 50mm thick). Radially contoured LEU
fuel meat and poison along the involute is assumed to be uniformly smeared across the 3mm thick
sandwiched region of each plate (heat generation zone). Furthermore, clads near the side edges of
the fuel plate are not modeled explicitly and instead they are assumed to be made of smeared LEU
fuel/poison material. No heat generation is assumed in these clad regions. Heat sources are
calculated from separate MCNP calculations for the axially non-graded and axially graded LEU fuel
types at the beginning of cycle. In MCNP calculations, HFIR core was divided into 19 longitudinal
slices (along the height) and 8 radial slices in each fuel element (IFE: 19x8 elements, OFE: 19x8
elements). From MCNP results, volumetric heat generation (in W/m3) can be calculated for a given
reactor power (100MW or 85MW) and specified in the clad-sandwiched region in the middle 20" of
the fuel plate. Zero cut-offs are specified for the radial clad regions to ensure no heat generation near
the side edges where the fuel plate touches the side plates. The developed COMSOL model
simulates conjugate heat transfer with turbulent flow physics and thermal expansion physics. Both
the standard k-ε Turbulence Model as well as the Low-Reynolds k-ε Turbulence Model have been
used in the presented study. This COMSOL model will allow parametric studies to ascertain HFIR's
thermal safety sensitivity on core fabrication and reactor operating parameters.
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Figures used in the abstract

Figure 1: 1P1C or One Plate One Channel model for the HFIR inner fuel plate and coolant
channel. (a) Side view with top and bottom clads visible. (b) Top view with 10mm thick clad layers.

Figure 2: Mesh across the fuel plate and coolant channel thicknesses. Boundary layer mesh is used
alongside the channel walls whereas a relatively coarser mesh is used for the fuel and clad regions
in the plate.



Figure 3: Heat generation in an axially non-graded LEU fuel. (a) Heat source slices as provided by
MCNP results (19 axial, 8 radial); (b) COMSOL generated smoothing using linear interpolation; (c)
Volumetric heat source as provided to a LEU fuel plate (notice the non-fueled region in the top and
bottom, and near the side plate edges in the longitudinal direction).



Figure 4: Clad surface temperature (in C) for the LEU fuel plate in nominal HFIR conditions for an
axially non-graded LEU fuel.


