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Simulation of Turbulent Mixed Convection Heat Transfer LBE Liquid Metal Using

Turbulence Models and Comparison with DNS Results
Abbas Mollaei!, Ahmad Reza Rahmati?”*, Hossein Khorasanizadeh 3~
! PhD Student, Department of Mechanical Engineering, University of Kashan, Kashan, Iran.

2" Assoc. Prof., Department of Mechanical Engineering, University of Kashan, Kashan, Iran.
3" Prof,, Department of Mechanical Engineering, University of Kashan, Kashan, Iran.

Abstract

This study investigates turbulent flow and heat transfer of a liquid metal in a vertical channel with hot
and cold walls under buoyancy effects. The main novelty is a comprehensive evaluation of various RANS
turbulence models against DNS data at different Richardson numbers, along with improving the GEKO
model through targeted adjustment of the CNW parameter. Analyses were performed for Richardson
numbers of 0.25, 0.5, and 1. The results show that increasing the Richardson number intensifies buoyancy
effects on the velocity structure and temperature distribution. For Richardson numbers of 0.25 and 0.5,
the SST k-, BSL k-o, and k-¢ Re-Enhanced models show the closest agreement with DNS near the hot
wall, with errors below 2%. Near the cold wall, the k- Re-Enhanced model overpredicts u* due to
buoyancy effects and reduced flow velocity, while the SST k-o model provides better predictions across
the examined range. All models reproduce the overall temperature trends observed in DNS. Furthermore,
optimizing the GEKO CNW parameter to —2 near the hot wall and +2.5 near the cold wall significantly
improves prediction accuracy, with performance approaching that of DNS in some regions. Overall, the
SST k-0 model provides accurate predictions of velocity and temperature fields, while optimized CNW
substantially enhances GEKO performance in sensitive flow regions.

Keywords: Turbulent Flow; Mixed Convection Heat Transfer; Turbulence Models; DNS (Direct

Numerical Simulation).
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