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Simulation of Flocculation Kinetics of Fine Mineral Particles Based on CFD-PBM Coupling
Wang Xuetao', Mao Zhiran', Shao Yuchen', Wang Yulian', Cui Baoyu®, Liu Yangyang', Jiang Yisheng'
(1.School of Materials Science and Engineering, Shenyang Ligong University, Shenyang, Liaoning 110159, China;
2.School of Resources and Civil Engineering., Northeastern University, Shenyang, Liaoning 110819, China)

Abstract : Considering the characteristics of turbulent flow field and the influence of process parameters on particle flocculation
behavior, a particle flocculation kinetic mathematical model based on local turbulent energy dissipation rate and slurry viscosity
correction was established using the CFD-PBM coupling method. On the basis of test verification of flow velocity and average
particle size distribution of flocs, the influence of feed volume concentration on flocculation behavior in deep cone thickener was
studied. The results show that the energy dissipation rate of turbulent flow above the annular baffle in the feedwell is about 2
orders of magnitude higher than that in the lower area, and the energy dissipation rate of turbulent flow below the baffle first
increases and then decreases with the increase of feed volume concentration. The average particle size of flocs first increases and
then decreases with the increase of feed volume concentration, and the average particle size of flocs is larger under the condition
of medium feed volume concentration (10% ). Appropriately increasing the length of the feedwell can improve the flocculation
effect of fine mineral particles. The research results can provide guidance for modeling turbulent flocculation kinetics and
optimizing flocculation thickening process parameters.

Key words: Particle {locculation, Turbulence characteristic, Thickener, Population balance model, Numerical simulation

BETZ I T oK AL B R B A TSR R S
G B IR B AT R AL A A

ZRBEH AR R IR BE R (AR Bk R fﬂ’ﬁaﬁ?ﬁfﬂ’]i}%_%@%ﬁ?ﬁiE’Jﬁwﬂﬁf“*ﬂﬁmE’J
T REWEE) MK HE LR B9 30 A BORE ﬁjjﬁgqﬁﬂﬁﬁaiﬂﬁ\f’ﬁikg 5 AN ) RURL
R BRIV IR R B A, DTG S5 B T1 ¥ 4 25 4 7 1% MR, X2 LW 4 B K e AL AT B 77

0 5%

*  W#s HH1:2025-07-30
ELTB L THHE T RSB H (L]212410144059) ; 3k BHHL T K 22 51 38 5 2 IR A A BHIF S H5 3180950 H (1010147001204) 530
TR S 35 4 TR E (2025-BS-0357)
EZE B A : £ (1990—) B A0 T sl BHC 44, (R0, 3228 M55 52 2 20 4 L 3l ik AR ASE 400 R ™ 7™ % U v 5 & R O T R W 9T AR

E-mail : wangxuetao@sylu.edu.cn

BIEEE BIHRARQ00—) . B ILHREG N BRI, 3% A 28 ik % B AL 7 9T T4 . E-mail: maozhiran@126.com



EF%F, 5 A F CFDPBM S48 HMmsm hBEERD N FEM]F LIRS FL,2026,46(7). 277

TR 36 o] F [0 3R 25 X s il £ g AR b R,
TEMESAT 7 B2 5 8 ROTF & A R AR 2 38 B DR 4 oy
PR SR R BB R B S A &0 B
VEAE X 7 4 S5 A0 5, FE B 0P 28 N 0k i R0 R A TTT
Ve T 20 R A6 2 QT B AR L I B 40 A0k 22 5
WOR E 5 bR TR IR DR S T A AR
PRIt 4 v A SORE G L2 T A B 0 R 22 5 5
SR BE 7 B A R AR SR R
B,

) UKL 28 5 2 1 i Ui 3% PR B2 T S B L B K
TR 14 B 7 2 4R X A0RE B 2R e 2R A e v 11 2 2858
M B E R, AHE T AL G W B 5 B Y T
¥, % F i % AR Kk ) % (Computational Fluid
Dynamics, CFD) — # {& F fiif £ # ( Population
Balance Model, PBVD #§ 5 14 %5 B A5 480 75 % B8R T
T2 RN 2R AT ) 5 ) 295 A8 AR AIE L AT O8 0 2R S A%
PRI UL 37 R 2R AR BE S A 15 B0, X i 3 VT
ARV T 0 UKL 28 BEAT S HEAT TI0IN , Sy 4 T P i 2
Ao AR AR T 2 R AL 2 2 ] Y B2 T A 4
THAFESY, PBM HESL T 19 UKL 28 5 o)) ) 215
B FEFEALHE Smoluchowski #i8  Camp &. Stein &
# Saffman & Turner B % F13k [ ¥ A F] W BE IR R}
T 4121 (CSIRO) 22 & Heath £85I & (1) 1 14 - fig A5
A, Horr, Smoluchowski 5 7Y JE F 2 Ji Fi1 28 A BRE
%, Camp &. Stein #5571 R FH B SF-147 i Ut 45 38 T
T T 1 UL BE R %, Saffman & Turner f51#
— LN T R F i I X UKL B SR R 1 A AL
W E ER = F YR LM EE . LT,
Heath % A5 18T JayF8  JUREL BIf 488 20 % L8
WFEE LA I8 25 6 A X Uk B R R Y 52 ) []
2 T 2R AT RS AR A P HCASE A8 T e e 4 RUBE
A LA BT 2 BRI JE AT T I E, R L4
BG5BT KA A ) UKL 22 BE vk 55 T2 A 2
T HE ISR S MRS % i, Gheshlaghi
&:05) Ruan MWk H T Fluent 9 PBM Fi3f9 H
R e A HIL N R AT 2R R Tk B R AT T RUE AR
0 AR AR AR TR X A R 22 B ) 2 1 B AR
I PPN WA 2

A3 T CFD-PBM B A HESL, % 18 T 42 1A
G35 AR RRAE X0 K b B RN 21 A A R R Y R
FENT T A BIL T 43 2 B R R B ASE R R TR i
DL ARV 04 Tl AR 40 ) A B R R AR AR, D) R B A
e AR 3 ok S 3 2 RO TR 4 vk I 0

E Tl 7 BB R T AR . AR e SR AL B S
TG R AR M BE ] e 55 AL A A U 37 R A A 2R RE A R
ARZ MR L . AT ST 2R AT o s SR B8l ) 2 e M
R UL TARRCR IR BEHEAR S %

1 HEEB R

VLA A A S 56 2 o 2 R Bk R gL (I 1 B
) RWEFE X G o I AR S TR v 8 AL 45 R T S ) B
BYCULIEL 2) o 2R 45 K R AE A 32 2 LA 2 5o 14
2Ca) 7R L g B O R A e AR A s A, R AR
M AR AR = A A

Fig.1 Continuous flocculation thickening
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Fig.3 Particle size distribution of iron tailings
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Fig.5 Results comparison between LDV test and numerical

simulation of liquid tangential velocity in the feedwell
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kinetic energy dissipation rate in the feedwell
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Fig.10 Effect of feed volume concentration on mean

floc size distribution in the feedwell
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