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Abstract

As mining depth increases, conventional shallow ventilation cooling methods struggle to meet the de-
mands of deep mining operations, making artificial refrigeration technology necessary to improve the
underground air environment. However, during the actual operation of refrigeration systems, the com-
plex thermal and humid conditions, along with the influence of multi-component working fluids, signif-
icantly affect both the heat transfer efficiency and service life of the main heat exchange equipment. This
study conducts numerical simulations on the deposition of suspended particles from water inrush and
air, analyzing the forces acting on particles in water and air flows. By simulating the fundamental depo-
sition behavior of particles with different densities under varying two-phase flow velocities and particle
sizes, the deposition patterns of particles on heat exchange surfaces are determined. The findings pro-
vide guidance for the selection and optimization of heat exchanger performance. The results indicate
that when the fluid flow velocity reaches 2.5 m/s, the increase in particle deposition rate slows down,
suggesting that selecting an appropriate flow velocity can mitigate in-tube deposition issues. Addition-
ally, with increasing air flow velocity, the deposition rate exhibits a “rise-fall-rise” trend. Under certain
flow velocities, the particle deposition rate increases with larger particle sizes.
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Table 1. Test results of water samples from the middle section of the deep section
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Gioal [ pIRE| Rl 25 - (mg/L) il BURE| 25 5 (mg/L)
ph 11.6 Ly o3l) 0.185
RS 11,180 O 0
5 581 K 0
ap 11.1 i 0
el 572 e 0
FA 1358 i 0
i K 6 283 H 0
pvidics 1717 | 0
HA 2.01 R 0
TEAHER #h A 0.735 &) 0.021
THRR Zh A 4.61 A 1.21
AR Eh TR AL 10.9 9 8 -2 T 1 71 0.14
A 0.010 fif 0

Table 2. Gas sampling and detection results in the middle section of deep geological base
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A I H KFFLR(PPB)
NO 916.2
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Figure 1. Three-dimensional circular tube geometric model
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Figure 2. Mesh generation of the 3D circular tube model
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Figure 3. Characteristics of particle deposition rate as a function of velocity at different densities
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Figure 4. Characteristics of sedimentation rate as a function of grain size at different densities
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Figure 5. Geometric model of a partial finned tube
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Figure 6. Computational domain meshing
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Figure 7. Characteristics of sedimentation rate as a function of velocity at different grain sizes
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