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Abstract

Addressing the pain points of uneven heating, localized degumming, and low thermal energy utili-
zation caused by disordered internal flow fields in the shoe glue drying process of traditional shoe
manufacturing production lines, this paper explores the underlying mechanism of the aerodynamic
layout within a confined tunnel space on the quality of thermal activation. A novel air-source heat
pump shoe glue drying equipment is used as the research object. Three-dimensional steady-state
and transient numerical simulations of its internal flow and temperature fields are conducted using
the computational fluid dynamics (CFD) software Ansys Fluent. A polyhedral mesh model is estab-
lished, and a Realizable k-¢ turbulence model is selected. The fluid-thermal coupling characteristics
of unidirectional flow on the same side and annular flow on the opposite side of the optimized struc-
ture are compared and analyzed. By reconstructing the aerodynamic topology and staggering the
air outlets and return air inlets on both sides of the conveyor belt, a vortex-like annular flow field
is generated inside the tunnel, enhancing the convective heat transfer efficiency and temperature
field uniformity within the confined space. Simulation data and measured data from a hot-wire an-
emometer (error < 5%) show high agreement, verifying the model’s reliability and providing a sci-
entific theoretical basis for the research and development and flow channel design of shoe drying
equipment.
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Figure 1. Main components of shoemaking processes
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Figure 2. Schematic diagram of non-uniform flow field in the working area
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Figure 3. Some applications of Fluent simulation in industrial design
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Figure 4. Research technology roadmap
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Figure 5. Schematic diagram of the fluid domain in Fluent simulation
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Figure 6. Mesh generation and local refinement
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Table 3. Main boundary conditions for numerical simulation of flow and temperature fields
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Figure 7. Simulation results of wind speed in unidirectional flow field
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Figure 9. Schematic diagram of the location of the annular flow field section
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Figure 10. Velocity contour plot of the annular flow field
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Figure 11. Temperature contour plot of the annular flow field
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