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The high temperature gas-cooled reactor (HTGR) is a next generation nuclear reactor concept 
promising enhanced safety, intended to be a high-efficiency system that can supply process 
heat to a broad spectrum of high temperature and energy-intensive, nonelectric processes. 

Evaluations of the fluid flow and heat transfer in this reactor are critical to ensuring the safety 
and licensability of future designs. It is in this area that many uncertainties are found. The 
current generation of full-core prismatic HTGR safety analysis codes employ coarse mesh 
solution methods for modelling heat transfer. There is, however, no generally accepted 
procedure for deriving accurate coarse mesh parameters and the assumptions and 
approximations made in deriving models for the subscale behaviour vary significantly. In 
contrast, current full-core neutronics analysis methods employ detailed unit cell calculations, 
combined with formal mathematical homogenization techniques, to obtain consistent and 
accurate coarse mesh parameters. The resulting coarse mesh solutions are of high quality and 
accuracy, and the ability to reconstruct the fine scale solution is an inherent part of the 
approach. 

We present a hierarchical solution scheme [1] for modelling heat conduction in prismatic 
HTGR cores using OpenFOAM, which combines concepts from modern CFD techniques, 
formal mathematical homogenization, and full-core neutronics analysis methods. Detailed 
unit cell calculations (see Figure 1) are used to obtain homogenized coarse mesh parameters 
and reduced order models are employed in modelling the time-dependent response on the fine 
scale. Inherent in this new approach is the ability to reconstruct the solution at any spatial 
scale. 
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