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Structural optimization and material separation characteristics of an
updraft rice mill based on CFD-DEM
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Abstract: [ Objective] To enhance the separation efficiency of rice bran and broken rice in an updraft rice mill by optimizing the air duct
structure and operating parameters. [Methods] A combined approach of CFD-DEM coupled numerical simulation and experimental
verification was adopted to investigate the material separation characteristics of the updraft rice mill under different structural and operating
parameters. Key parameters, including air duct width, air velocity, baffle width, and baffle spacing, were optimized through single-factor
experiments and response surface methodology. [ Results] The addition of baffles at the lower suction inlet improved the pressure and
flow velocity distributions within the air duct of the updraft rice mill, significantly increasing the upward suction rate of rice bran and
reducing the settling rate of broken rice. The experimental and simulation results showed consistent trends. Response surface analysis
showed that the optimal parameter combination was an air duct width of 39.2 mm, air velocity of 9.3 m/s, baffle width of 13.2 mm, and
baffle spacing of 26.7 mm. Under the optimal conditions, numerical simulation verified that the upward suction rate of rice bran reached
96.2%, while the settling rate of broken rice reached 97.4%. [ Conclusion] Through the coordinated design of flow field regulation and
structural optimization, the common problem of insufficient particle separation efficiency in updraft rice mills can be effectively
addressed.
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Figure 1

Test system and particle geometric model
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Table 1 Physical parameters of materials
FEa (kff/3) TN T
Kop 1600 0.30 1.5e+006
K 1500 0.30 2.6e+006
RIATIE T 1190 0.25 7.9¢+010
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Table 2 Contact parameters between materials

22 i g =X WA IR R RN R R IR R AL
KE—A 0.83 0.01 0.2
KME—1E K 0.70 0.01 0.3
iRk — K 0.57 0.01 0.4
KMV 5 1 B 0.72 0.01 0.3
K — I 58 1B 0.67 0.01 0.5
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Figure 2 Geometric model meshing and boundary conditions
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Figure 3  Force analysis of particles in the air duct
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Figure 4 Separation performance under different conditions without baffles
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Figure 6 Sedimentation rate of broken rice under the influence of different factors interacting with each other
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Figure 7 Pressure distribution in the duct before and after adding the baffles
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Figure 8 Velocity distribution in the duct before and after the addition of a baffle
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