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Abstract: Flotation is an important method for upgrading and impurity removal of fine mineral particles, but it faces the
challenge of low recovery rates for micro-fine particles. Turbulence is a necessary condition to enhance the flotation of mi-
crofine particles, yet the mechanisms of multi-scale collisions and their control remain unclear. Particularly for multi-dis-

persed particle/bubble systems, there exists a gap between traditional flotation theories and modern industrial applications.
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The behavior of multi-dispersed particle-bubble collisions in turbulence is focused on, utilizing isotropic turbulent direct
numerical simulation (DNS) combined with collision dynamics theory. By examining radial relative velocity and distribu-
tion functions, this study explores the characteristics of turbulent collisions under the effects of large-scale eddy transport
and microscale eddy local enrichment, and the impact of size effects on the collision process. The research finds that the
effects of polydispersity and inertia lead to significant discrepancies between the DNS results of point particles and the
predictions of the classical Saffman & Turner model, highlighting the limitations of classical theories in predicting behavi-
ors in polydisperse systems. These findings underscore the necessity for high-fidelity predictions of turbulence character-
istics and ideal collision frequencies within polydisperse particle-bubble systems. Under the competitive and cooperative
interactions between large-scale eddy transport and microscale eddy enrichment, increasing the turbulence dissipation rate
and enlarging the diameters of very fine particles/bubbles prove to be effective strategies to enhance the ideal collision fre-
quency of polydisperse particles and bubbles. Additionally, as the dispersion of particles/bubbles increases, the effect of
large-scale eddy transport is enhanced, while the effect of microscale eddy enrichment is weakened. Therefore, there ex-
ists an optimal dispersion that achieves higher collision frequencies in polydisperse particle-bubble groups. This indicates
that controlling the particle/bubble size distribution during the flotation process is crucial for improving separation effi-
ciency. This study elucidates the mechanisms of particle-bubble collisions under the competitive and synergistic effects of

large-scale eddy turbulence transport and microscale eddy enrichment, providing rich theoretical support for modern flota-

tion theories of particle-bubble mineralization.
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Table 2 Flow characteristic of isotropic turbulence

TH 1 2 3 4 5
R LA 1x107* 5x107° 1x107° 5%107° 1x107°
THERE(m? - s72) 5.46 1.86 0.95 1.93x1072 1.78x107*
FERRe/(m - s7) 5993 1717 48.83 8.13 0.08
P RRBKEE E ug/(m - 7 2.11 1.29 0.38 0.24 0.46
KK EREL/m 1.57x107° 1.25%107° 1.14x107° 1.63x107° 1.98x107°
KRR IHAI T,/ 7.44x107 9.71x10™* 2.99x1073 6.88x107° 427x1072
Kolmogorov K Ji K J# i /m 4.00x107°° 5.00x10°° 1.20x107° 1.90x107° 6.70x107°
Kolmogorovi [A] N E 7, /s 1.30x107° 2.40%107° 1.43x107* 3.51x107* 4.46x1073
Kolmogorovi# i R v /(m - s ) 0.28 0.20 8.36x10 2 5.34x10 2 1.50x1072
M /m 1.06x107* 1.21x107* 2.12x107* 3.21x107* 8.00x107*
BT HRe, 223 156 81 76 37
ZRYJ5 1) 307 AR K B33 BE L %R 1.014 1.089 0.949 1.041 1.145
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