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ABSTRACT
The interest in high fidelity modeling of nuclear reactor cores has increased over the last few
years and has become computationally more feasible because of the dramatic improvements in
processor speed and the availability of low cost parallel platforms. In the research here high
fidelity, multi-physics analyses was performed by solving the neutron transport equation using
Monte Carlo methods and by solving the thermal-hydraulics equations using computational fluid
dynamics. A computation tool based on coupling the Monte Carlo code MCNP5 and the
Computational Fluid Dynamics (CFD) code STAR-CD was developed as an audit tool for lower
order nuclear reactor calculations. This paper presents the methodology of the developed
computer program "McSTAR" along with the verification and validation efforts. McSTAR is
written in PERL programming language and couples MCNP5 and the commercial CFD code
STAR-CD. MCNP uses a continuous energy cross section library produced by the NJOY code
system from the raw ENDF/B data. A major part of the work was to develop and implement
methods to update the cross section library with the temperature distribution calculated by
STAR-CD for every region. Three different methods were investigated and two of them are
implemented in McSTAR. The user subroutines in STAR-CD are modified to read the power
density data and assign them to the appropriate variables in the program and to write an output
data file containing the temperature, density and indexing information to perform the mapping
between MCNP and STAR-CD cells. The necessary input file manipulation, data file generation,
normalization and multi-processor calculation settings are all done through the program flow in
McSTAR. Initial testing of the code was performed using a single pin cell and a 3X3 PWR pin-
cell problem. The preliminary results of the single pin-cell problem are compared with those
obtained from a STAR-CD coupled calculation with the deterministic transport code DeCART.
Good agreement in the k and the power profile was observed. The comparison of the results of

3X3 pin-cell problem is on-going. Furthermore, methods to enhance the convergence and
accelerate the computation are being investigated.
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