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Parallelization of the Unstructured Navier-Stokes Solver LILAC for the
Aero-Thermal Analysis of a Gas-Cooled Reactor
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Abstract

Currently Lilac code is under development to analyse thermo-hydraulics of the gas-cooled
reactor(GCR) especially high-temperature GCR which is one of the Gen IV nuclear reactors.
The Lilac code was originally developed for the analysis of thermo-hydraulics in a molten
pool. And now it is modified to resolve the compressible gas flows in the GCR. The more
complexities in the internal flow geometries of the GCR reactor and aero—thermal flows, the
number of computational cells are increased and finally exceeds the current computing powers
of the desktop computers. To overcome the problem and well resolve the interesting physics
in the GCR it is conducted to parallelise the Lilac code by the decomposition of a
computational domain or grid. Some benchmark problems are solved with the parallelised Lilac
code and its speed-up characteristics by the parallel computation is evaluated and described in

the article.
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Fig. 1 Control volume and geometric vectors for discretisation.
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Fig. 3 (a) Matrix for the 42 triangular mesh, (b) Matrices for the 42 triangular mesh

partitioned into three sub-domain; from Kevin McManus
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Fig. 4 Partitioned hexahedral mesh for the analysis of the inviscid supersonic flow over a
4% bump, ncell = 90,000, nparts = 4.
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Fig. 7 Speed-up of the parallelized LILAC code for the supersonic bump flow.
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Fig. 10 Speed-up of the parallelized LILAC code for the laminar flow in the 90° curved pipe,
(a) which is based on the time spent for 200 iterations. (b) based on the time to reach 4

order reduction of L1-norm of pressure equation.
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Fig. 11 Partitioned mesh for the cavity flow, ncell=1,000,000, nparts=16, (a) by the Metis
program, (b) by axis—directional partitioning.
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Fig. 14 Partitioned mesh for the 3-D cylinder flow by the Metis program, ncell=470,400,
nparts=16
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Fig. 15 Velocity vectors and stream lines at z=2.5 (center surface in z direction) for the 3-D
cylinder flow with Red=40.
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Fig. 16 pressure contours at z=2.5 (center surface in z direction) for the 3-D cylinder flow
with Red=40.
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® 3-D cylinder flow at Re=40 with LILAC code
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Fig. 17 Speed-up of the parallelized LILAC code for the 3-D cylinder flow with Re=40.
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