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Flow Field Evolution in Spiral Concentrator and Separation
Index Prediction of Hematite and Quartz with Different
Particle Sizes
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Abstract: The hydrodynamic characteristics serve as fundamental factors in determining the
gravity separation effect. Numerical simulations were used to systematically investigate the
evolution of fluid dynamics parameters along the longitudinal travel in a ¢$400 mm spiral
concentrator. For the two feeding systems comprising 90 pm hematite with 38 pm quartz and
59 um hematite with 38 pm quartz, the variations in particle distribution, migration behavior,
and separation efficiency were analyzed. The results indicate that the morphology of the flow
film, the velocity distribution, and the intensity of the secondary circulation change significantly
within the travel of the first turn, and it takes longitudinal travel of 2~3 turns to stabilize; the
stabilization travel is positively correlated with the radial position. Hematite and quartz gradually
develop a selective distribution, and the maximum separation efficiency improves overall with the
travel. The distribution region of 90 pm hematite is more toward the inner edge, and its migration
amount reaches the equilibrium in the 2nd turn; the maximum separation efficiency obtained is
82.16%. The distribution region of 59 um hematite is more outward, and the migration
equilibrium is not reached until the 3rd turn. The maximum separation efficiency obtained in the
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2nd and 3rd turns is about 6% lower than that of the 90 um hematite system. The motion behavior

of coarse-grained hematite has an obvious correlation with the evolution of the flow film and

velocity distribution. However, the motion of fine-grained hematite exhibits a certain degree of

randomness.

parameters to acquire a satisfactory technical index.

Consequently, it is necessary to extend the travel or adjust related structural

Key words: spiral concentrator; fluid dynamics parameter; stabilization travel; migration of

particle; maximum separation efficiency
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Fig.1 Schematic diagram of cross-sectional shape of spiral concentrator
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Table 1 Structural parameters of spiral concentrator
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Table 2 Spatial discretization patterns for different solving models
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Table 3 Yield variation of 90 um hematite particles in different radial regions

Y Al AR A/ % . SRRl A% ‘
r 7, 7, psyl r, rs g B
0.25—0. 50 -1. 14 9. 66 15.57 24.09 -2.21 -14.98 -6.90 -24. 09
0.5—0.75 1.65 23.89 -7.12 18. 42 -15.08 -3.34 0. 00 -18.42
0.75—1.0 3.29 5.32 0.57 9.17 -7.48 -1.70 0.00 -9.17
1.0—2.0 13. 86 14. 34 -20.27 7.92 -7.74 -0.18 0.00 -7.92
2.0—3.0 4.96 -11.99 7.41 0.37 -0. 38 0. 00 0. 00 -0. 37
x4 FTEREMXAF S pm RET BRI =R THE
Table 4 Yield variation of 59 wm hematite particles in different radial regions
R Al 7 R AE 10 % ‘ SRRl AL A% ‘
r 7 ry syl r, 7 74 ¥l
0.25—0. 50 -0. 60 -2. 80 -3.26 -6. 67 3.49 32.49 -29.31 6. 67
0.5—0.75 0.15 36. 37 33.60 70. 12 -12.02 -51.99 -6. 11 -70. 12
0.75—1.0 0.35 -30. 84 24.35 -6. 14 10.79 -4.57 -0.08 6. 14
1.0—2.0 1.83 33.27 -27.81 7.29 1.72 -8.82 -0. 19 -7.29
2.0—3.0 0.84 -14. 40 24.01 10. 46 -10. 03 -0.32 -0. 11 -10. 46

HiR 3 MK 4 F I, BEE TR 0 47 e 4
K90 pum AR BRAT 7 PN HE A% X107 AR R

W R, L 8 A N, 3 MR, JBE ) R R
WA 1] N5 S5 3 7% O 3 70 2 2.0 F8] 1K 21 Al



%12 4 I BRF.ErEEAYERERRNREERET 56 E S B IR 101

MEEZ T, 59 pm AR R TE N A B P2 R B FRE AT i R 75.06%. INEEA AT RE 1Y 7= R ARk
TR AT R K R S A Al e N (B, e iR R sl AR A 3.0 BT R T
%5 AERZEEMKPAEEFRAEZTLE0 umFET 538 pm AHELRHER)

Table 5 Yield variation of quartz particles in different radial regions (90 wm hematite and 38 pm quartz
feeding system)

J— PR AR % SRl AR %

AT/ R :
" v, 7 S r, 75 re ISyl
0.25—0. 50 -0.97 -0. 14 -2.57 -3.67 -3.39 2.54 4.53 3.67
0.5—0.75 0.38 0. 65 0.82 1.85 -4.12 -13.97 16. 24 -1.85
0.75—1.0 0.15 -1.05 1.98 1. 09 -0. 53 -3.57 3.02 -1.09
1.0—2.0 -0. 04 1.35 -0. 65 0. 66 1.49 -4.61 2.46 -0. 66
2.0—3.0 -0. 44 4.99 3.39 7.93 -1. 69 -5.70 -0. 54 -7.93

*6 AREEFEEMXPAEBMAUNEZEETLEBG pmFREKT 538 um AXLERMER)
Table 6 Yield variation of quartz particles in different radial regions (59 pm hematite and 38 pum quartz
feeding system)

o1 A 2R 10 % . HRPRET R AR % ‘
7 7, r Pyl r, ¥ 7 peg il
0.25—0.50 -0. 84 -2.97 —4.84 -8. 66 -4.93 -0.24 13. 82 8. 66
0.5—0.75 -0.02 13.53 9.42 22.93 -3.94 -1.97 -17.02 -22.93
0.75—1.0 0.07 -12.38 7.15 -5.16 9.91 —-6.70 1.95 5.16
1.0—2.0 0.13 3.17 -7.26 -3.96 -10. 30 -7.57 21.83 3.96
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Fig. 11 Influence of splitter position on particle separation efficiency across different turns in the trough
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