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This study investigated the influence of inlet velocity on the internal flow characteristics and particle separation performance
of a cyclone separator. Computational Fluid Dynamics (CFD) coupled with the Discrete Phase Model (DPM) was used to
predict particle trajectories and separation efficiencies under different velocity conditions. The results show that increasing
the inlet velocity intensifies the swirling flow and strengthens the centrifugal force within the cyclone. As a result, the axial
velocity distribution becomes more pronounced, with stronger downward flow near the wall and intensified upward reverse
flow at the center. In the bottom outlet region (Z = 4.5D), clear flow asymmetry associated with the Precessing Vortex Core
(PVC) effect is observed, and this phenomenon becomes more pronounced as the inlet velocity increases. Particle
trajectory analysis indicates that higher velocities shorten particle residence time and promote rapid migration toward the
wall, forming compact helical paths and improving separation efficiency. Analysis using an inverse weighted-sum
performance index indicates that an inlet velocity of 15 m/s provides the most favorable balance among the evaluated
performance parameters and represents the optimal operating condition for cyclone separator performance.
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Table 1 Geometric design parameters of a cyclone separator (D, =

100 mm)
Parameters Values

D./D 0.5

a/D 0.5

b/D 0.2

S/D 0.5

h/D 1.5

H/D 4

B/D 0.38
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Fig. 3 Grid independence study of cyclone separator
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Fig. 5 Contours of turbulence kinetic energy distribution for different
inlet velocities: (a) 5, (b) 10, (c) 15, and (d) 20 m/s
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Table 2 Summary of the cyclone separator performance indexes at
different inlet velocities

Vin [m/s] 5 10 15 20
Pressure drop [Pa] 57.14 267.04 654.52  1213.49
dy25 [um] 32 2.1 1.8 13
dy, 59 [um] 34 23 1.9 1.5
dy, 75 [um] 3.8 2.4 2 1.6
K 1.19 1.14 .11 1.23
Pisy 1.33 1.04 1.02 1.09
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