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Abstract: To reveal the multiphase flow evolution and fluid-solid coupling sedimentation mechanisms of
defluoridation agents constrained by undulating terrains in the confined space of coal mine underground reservoirs,
a cylindrical array physical similarity model was constructed to simulate the rock mass accumulation characteris-
tics, and image processing was utilized to extract particle distribution sequences. A multiphase flow model cou-
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pling the Eulerian-Eulerian Model (EEM) and the Realizable k-¢ turbulence model was established in ANSYS
Fluent. This model was calibrated using the physical properties of the defluoridation agent and validated via co-
sine similarity. Particle spatiotemporal evolution was simulated under inlet flow rates of 20 to 60 L/h across com-
plex flow fields with front-, middle-, and rear-positioned undulating configurations. Iterative calibration of the
computational fluid dynamics (CFD) model with experimental data improved the cosine similarity between the
simulated and experimental results from 0.85 to 0.977. The results show that the blocking effect of the primary
terrain peak leads to particle accumulation on the windward slope, while boundary layer separation on the leeward
slope forms low-kinetic-energy "kinetic shadow zones." At 20 L/h, the peak relative volume fractions at the bot-
tom of the front, middle, and rear complex flow field models are 1.30, 1.27, and 1.25, respectively. A more back-
ward position of the primary terrain peak extends the upstream stable development section, favoring long-distance
transport. Increasing the flow rate reconstructs spatial kinetic energy to flush localized siltation zones. When the
flow rate is increased from 20 to 60 L/h, the global flow velocity recovers to approximately 2.0 <102 m/s, while
the turbulent kinetic energy of the middle and rear models stabilizes at 8.0 %< 10° m?%s? and 6.0 % 10 m?%s?, re-
spectively. Correspondingly, the maximum relative volume fractions at the bottom of the front, middle, and rear
models decrease to 1.19, 1.19, and 1.17, respectively. The siltation center in the middle-configured model shifts
downstream with the increasing flow rate, achieving a transition from localized siltation to uniform transport.
Based on these findings, an anti-siltation operation strategy using flow field dynamic control is proposed. In en-
gineering practice, the inlet flow rate should be regulated in combination with the specific spatial configuration of
the underground reservoir to balance the trade-off between bottom siltation clearance and system energy con-
sumption.

Key words: Coal mine underground reservoir; Synergistic defluorination; Physical simulation; Computational
fluid dynamics; Local deposition; Flow field regulation
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Fig.1 Technical roadmap
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Fig.2 (a) Front view of the water flow field simulation ex-
perimental apparatus; (b) Top view of the water flow field
simulation experimental apparatus; (c) Analysis of collected
images
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Fig.4 (a) Modeling of complex flow field model; (b) Top
view of complex flow field model; (c) Meshing of complex
flow field model
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