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ABSTRACT
Gas cooled reactors have been characterized as one of the most promising nuclear reactor
concepts in the Generation-IV technology roadmap. Considerable research has been
performed on the design and safety analysis of these reactors. However, the calculational
tools being used to perform these analyses are not state-of-the-art and are not capable of
performing detailed three-dimensional analyses. This paper presents the results of an effort to
develop an improved thermal-hydraulic solver for the pebble bed type high temperature gas
cooled reactors. The solution method is based on the porous medium approach and the
momentum equation including the modified Ergun's resistance model for pebble bed is solved
in three-dimensional geometry. The heat transfer in the pebble bed is modeled considering the
local thermal non-equilibrium between the solid and gas, which results in two separate energy
equations for each medium. The effective thermal conductivity of the pebble-bed can be
calculated both from Zehner-Schluender and Robold correlations. Both the fluid flow and the
heat transfer are modeled in three dimensional cylindrical coordinates and can be solved in
steady-state and time dependent. The spatial discretization is performed using the finite
volume method and the theta-method is used in the temporal discretization. A preliminary
verification was performed by comparing the results with the experiments conducted at the
SANA test facility. This facility is located at the Institute for Safety Research and Reactor
Technology (ISR), Julich, Germany. Various experimental cases are modeled and good
agreement in the gas and solid temperatures is observed. An on-going effort is to model the
control rod ejection scenarios as described in the OECD/NEA/NSC PBMR-400 benchmark
problem. In order to perform these analyses PARCS reactor simulator code will be coupled
with the new thermal-hydraulic solver. Furthermore, some of the other anticipated accident
scenarios in the benchmark require full three dimensional modeling and will be analyzed to
include the malfunctioning of one of the de-fueling chutes and blockage of the helium flow
channels in the side reflector at the PBMR-400 model.

270


