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The behavior of a Light Water Reactor (LWR) core is determined from solving a multi-
physics problem. The interplay between the neutron distribution, the temperature in the
fuel rods and the flow and temperature of the cooling water makes up a strongly coupled
system, where all fields need to be concurrently solved. In the currently applied indus-
trial methodologies the problems of neutronics and heat transfer and fluid flow (usually
denoted thermal-hydraulics) are typically solved using separate systems of codes. The
coupling is in such a case resolved using coarse, a posteriori schemes and methodologies.
In this work, the separate fields and the couplings are instead all treated using a fine-mesh
scheme.

Considering the multiphysics problem and the need for 3D resolved geometries, high
performance computing (HPC) and fully parallelized solvers, OpenFOAM R⃝1 is a good
starting point for the development. In this project a variety of existing libraries and
new implementations are utilized to solve the nuclear reactor core problem. Existing,
used, parts include the region coupling equation systems, the steady state incompressible
fluid solver, and the general multiregion support. To complement this, a solver for the
neutronic problem, a multiple mesh mapping utility, an iterative multiphysics algorithm
and additional region coupled solvers have all been successfully implemented.

To solve the neutron transport equation, a discrete ordinates method (SN) is used and
implemented. Inspired by the SN heat radiation solver, a new version of the method
has been added. The new implementation allows for multiple energy groups and fully
anisotropic scattering. Furthermore, to solve the discretized equations a sweep algorithm
is applied. Due to the nature of the equation and the discretization, a single sweep in
each direction is sufficient to update each separate direction.

1The implementation is based on the newly released foam-extend-3.0, and before this OpenFOAM R⃝-
1.6-ext.
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To allow the different fields of physics to be solved on separate meshes a mesh-to-mesh
mapping utility has been implemented. The new library is based on calculating volume
intersections between the cells in the different meshes. Given the intersections a fully
conservative mapping of fields of extensive properties is possible. This is used to transfer
the coupled data between the thermal-hydraulic and neutronic solvers in the coupled
application. The mapping functionality is used for single CPU as well as parallelized
calculations.

The heat transfer, allowing the extraction of the energy released in the fuel to the water,
is handled using the region coupling formulation as implemented in foam-extend-3.0. In
the presented case, the implicit solution of the conjugate heat transfer is vital as a large
number (∼ 100) of material regions are used. To solve the region coupled equations a
GMRES solver was implemented and applied.

To parallelize the problem, all meshes use a shared domain decomposition. Thanks to
this all the coupled fields can be accessed and mapped directly on each CPU locally,
minimizing the amount of data transferred between different CPUs.

The new solver has been applied to a quarter of a fuel assembly, successfully converg-
ing the steady-state coupled problem, resolving the fine-mesh dependencies of both the
temperature and neutron distributions in the full system and the flow field in the water.
The parallelization has been tested and proven well working for an 8 nodes, 64 CPU
decomposition.

The project is an example of how OpenFOAM R⃝ can be used and extended to simu-
late strongly coupled multiphysics problems. New and existing libraries are combined
to achieve a high-performing application supporting multiple meshes, coupled neutronics
and thermal-hydraulcis and allowing successful fine-mesh simulations of a nuclear reactor
fuel assembly.
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