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Introduction

With VERA-CS Comparisons

In this work geometries typical of operational U.S. PWRs are investigated to
demonstrate a novel core physics coupling methodology. Monte Carlo based radiation
transport (via MCNPG6) and finite volume TH methodologies (via ANSYS-Fluent) are
combined to achieve a spatial resolution equivalent to state-of-the-art reactor physics
and multi-physics suites. The Virtual Environment for Reactor Applications (VERA)
whose development is spearheaded at Oak Ridge National Laboratory is one such
example package. Simplifications are made in the coupling routines to decrease
computation time and algorithmic complexity. Scaling of the presented coupled solution
method is investigated by moving through a series of increasingly complex geometries.
Results from the MCNP-Fluent coupling framework are compared and contrasted to a
deterministic solution provided by the MPACT-COBRA-TF (MPACT-CTF) package
available in VERA.

Mesh to Mesh Interpolation

Volumetric heating field data is passed from MCNP to Fluent. A zeroth order
interpolation scheme built-into Fluent is used to map the volumetric heat source onto
the Fluent mesh elements. The density and temperature fields from Fluent are volume
averaged in the MCNP cell before temperature and cross section libraries are selected

in each cell. 2)
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The parent cell is subdivided into tetrahedral elements by Delaunay triangulation.
The piecewise field interpolant, y, is evaluated at the centroids of the tetrahedra. The
resultant values are weighted by their respective tetrahedral volume. The vector is
summed over the cell to produce an estimate for the volume averaged cell quantity (eq.
3). The volume averaged cell quantities are used to determine the appropriate cross
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sections and to set the material density and temperature within MCNP.

A 2D representation of the aforementioned super-sampling scheme. The red points
indicate discrete Temperature field data from the Fluent mesh inside the cell bounded
in black. Blue points represent the centroids of the tetrahedra. The method may
estimate eq.(2) in cases where the bounding cell is convex. Convexity of each cell is
guaranteed by the GMSH mesh generation.

Doppler Feedback
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The coupled physics framework iteratively solves for multiple physical fields, in this case
flow velocity, temperature, energy deposition rate, and neutron flux. It does so by
repeatedly passing information between dedicated solvers which independently handle
the neutron transport and thermal hydraulic physics. The codes are linked by the Picard
lteration scheme and is referred to as the outer iteration scheme hereafter.
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Continuous energy cross sections for all isotopes within the problem are pre-computed
by NJOY at 50K intervals. T_ &T, are the bounding hot and cold temperatures for
which Doppler-broadened XS data exists. 2 represents the macroscopic cross section
of the mixed material in a cell. The energy dependent microscopic cross sections are
weighted by the square-root temperature distance to the bounding temperatures (4).
This procedure is known as pseudo material mixing [1]. In the moderator cells, the

nearest available S(a,f) thermal scattering library is applied.
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Geometry Specification & Mesh Generation

Convergence

The outer iterations continue until the relative L, norm of the temperature, and
volumetric heat source fields fall bellow a specified threshold. A third convergence
check is performed on the eigenvalue. The volumetric heat source distribution is under-
relaxed to defeat statistical fluctuations preventing further convergence in the heating
tally at later outer iterations. The under-relaxation scheme may incorporate several
previous iterations’ volumetric source data into the average e.q.(1).  Furthermore, the
number of source particles run in each MCNP iteration can be adjusted on a per iteration
basis to reduce overall computational time. )
St

N

X; = E WX, .If 1>c
k=i—c

Where x is the volume source field vector, 1| is the current iteration. ¢ is a user set

iteration constant. k is the iterations after the user-set iteration.
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MCNPG6 is capable of importing unstructured meshes from the ABAQUS ASCIlI mesh
file format. The problem geometry is built algorithmically. Individual macrobodies are
meshed by GMSH. The Macrobodies are combined to form the completed assembly
geometry. The combined assembly unstructured mesh is utilized in an F6 heating tally
definition. The finite element mesh may also be imported into Fluent. The mesh is
further refined in Fluent nearby the fluid-cladding interface to resolve the boundary
layer.
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1x1 Pin Cell MCNP-TH Convergence Settings

Parameter Value

Parameter Value Avg PWR Density 2.69e8 [W/m"3]
K-eff 50 pcm Inlet Coolant Flux 1721 [kg/m"2-s]
Vol Heating_ L2 le-1 Inlet T 470 [K]
Norm Crit :
Temperature Field Lol Pressure 2250 [Psia]
L2 Norm Crit Turb Model K- (standard)

Total MCNP Source
Particles (1=8)

12e6 T and Mass tol. 1e-6

polynomial interpolant constructed on NIST steam table data.

The thermophysical properties of the coolant were obtained via a piecewise
The thermophisical

temperature dependent properties of UOX and He were obtained from Ref [2] and
implemented via UDF in Fluent. Only conductive heat transfer is considered in the
helium gap. The eigenvalue results for this configuration are provided in the following
table. 47 group cross sections & P2 scattering were employed in MPACT.

MCNP6-TH :
Case (+/- 506-5) MPACT-CTF Diff [pcm]
1x1 1.25210 1.243378 +872

Conclusions and Future Work

MCNP —
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Gap conductance has a large effect on fuel pin temperature. An effort to match VERA
gap conductance will be made when benchmarking is conducted - Note temperature
dependent thermal conductance is employed in Fluent for Helium.

Work remains to improve convergence rate by running more particles per MCNP
iteration and finding an optimal under relaxation strategy.

MCNPG’s unstructured meshing capability eases complex geometry construction, tally
generation and information passing between coupled codes.

Outer loop convergence rate is diminished by Monte Carlo noise. Under-relaxation is
employed to dampen statistical jitter and to facilitate convergence of Picard iterations.

The coupling methodology is not constrained to lattice geometries.
Future Case Study: 3x3 pin HFP case
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