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Numerical Modeling of Preheating Furnace and Investigation of the Effect of
Air Swirl Angle in Burners on Scale Formation of Steel Billets in Hot Rolling

A. Saeedi Department of Mechanical Engineering, University of Birjand, Birjand, Iran
H. Ameri Department of Mechanical Engineering, University of Birjand, Birjand, Iran
Abstract

Preheating furnaces are used to prepare steel billets prior to shaping, but an oxide scale layer commonly forms on billet surfaces at
the furnace outlet; its formation and growth are strongly influenced by the furnace temperature and local oxygen concentration. This
study numerically models the preheating furnace at Khorasan Steel Company to investigate how burner swirl angle affects scale
growth during hot rolling. The burner swirl angle, treated as an independent, adjustable engineering parameter, is evaluated for its
influence on temperature distribution, oxygen concentration, incident radiative flux, and the mass fraction of NO within the furnace
chamber. Results show that increasing the swirl angle from 30° to 60°, while maintaining favorable temperature and radiative
conditions, reduces oxygen penetration into the lower furnace regions and substantially lowers oxygen concentration at the billet
surface. The change also reduces NO formation and emission. Thus, increasing burner swirl angle is an effective strategy to mitigate
scale formation and growth.

Keywords: Preheating Furnace, Steel Billet, Scale Formation, Swirl Angle, Oxygen Concentration.
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