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[Abstract] The thermal insulation performance of the thermal field in a Czochralski monocrystalline silicon
furnace directly affects crystal growth quality and production energy consumption. The traditional single—layer
carbon felt insulation structure can hardly meet the high—efficiency thermal insulation requirements of
large—size thermal fields. In this paper, a numerical simulation method is adopted to establish a
two—dimensional axisymmetric multi—physics coupling model, and the influence laws of gap width and layer
configuration of the multi—layer carbon felt insulation structure on the temperature field and thermal
insulation performance inside the furnace are systematically investigated. The results show that the gap width
has a nonlinear coupling effect on thermal insulation performance. Considering both the thermal insulation
effect and structural stability, the optimal gap width is 0.6 mm. In addition, as the number of carbon felt layers
increases, the temperature of the inner surface of the insulation layer rises rapidly at first and then tends to be
stable. The thermal insulation performance approaches its limit when a certain number of layers is reached,
and further increasing the layers has no significant contribution to performance improvement. The optimized
multi—layer carbon felt insulation structure can effectively reduce furnace heat loss and improve production
energy efficiency. The research results can provide theoretical support and engineering reference for the
optimal design, energy conservation and consumption reduction of the insulation system of large—size
Czochralski monocrystalline silicon furnaces.
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