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Numerical Study on Coupling Mechanism of Chemical
Reaction and Flow in Polysilicon Reduction Furnace
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Abstract

The modified Siemens process remains the dominant technology in polycrystalline silicon production. As the core reactor, the
reduction furnace exhibits strong coupling effects between the thermal decomposition of silane or trichlorosilane and chemical vapor
deposition reactions, fluid dynamics, and heat/mass transfer processes. These interactions directly determine the deposition rate,
product purity, and energy consumption. Given the complex multiphysics interactions within the furnace, experimental measurements
cannot fully reveal the underlying mechanisms, making numerical simulation an essential tool for studying this coupling. This paper
systematically analyzes the coupling characteristics between chemical reactions and fluid flow in polycrystalline silicon reduction
furnaces. It reviews fundamental theories and key models for numerical simulation, explores core coupling mechanisms involving
flow velocity distribution, temperature fields, and reaction rates, summarizes optimization strategies for simulation methods, validates
simulation effectiveness through practical case studies, and ultimately outlines future research directions to provide theoretical
support for furnace structure optimization and process parameter control.
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