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Numerical simulation of flotation bubble motion in
suspension fluid
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Abstract: In order to research the flotation bubble motion law and the best bubble size range under different working
conditions, the volume of fluid method (VOF) was applied to simulate the motion of bubbles with different initial
velocities and diameters for different ore pulp densities. The results show that the optimal sizes of flotation bubble are
different for different ore pulp densities, the best flotation bubble size decreases with the ore pulp density increasing; the
best flotation bubble size is about 5 mm when the ore pulp density is 1 175 kg/m? the best bubble size is about 4 mm
when the ore pulp density is 1 400 kg/m? the best bubble size is about 3 mm when the ore pulp density is 1 600 kg/m>.
The ore pulp density is 1175-1400kg/m2 in the actual production, while the medium size bubbles (3—4 mm in size) have
gentle deformation with small degree of deformation and big buoyancy lift, which have better capacity to carry mineral
particles and effectively improve the quantity and quality in the pulp density with practical mineral flotation.
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Fig. 1 Schematic diagrams of bubble deformation parameter
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2 WERMERSHHN

2.1 VIERILAEZHMSH

hTH BREET A R 520, 24 E AR DA 7~8 mm
N, B IX A 0.04mX 0.1 m, Hfl 4
0.02 mX0.1 m FTHE XSG SR PUIZTE A, 45 R
PEZET 25X 10 m, WHEZDKZET 1L.0X10™%s, Tk
RGN R B O, HARHTER R RER, Kb T
A, VLSS mE 1 s,

Table 1 Initial condition parameters for numerical simulation of flotation bubble motion

Initial velocity of  Air density/ Ore pulp density/ Air viscosity/

Ore pulp Surface tension Initial diameter of

bubble/(m's ™) (kgm ) (kgm ) (Pas) viscosity/(Pa's)  coefficient/(N'm ") bubble/mm
0.02 1.225 1 400 1.789X10°° 0.001 6 0.09 2,4,6,8
0.04 1.225 1 400 1.789X10°° 0.001 6 0.09 2,4,6,8
0.06 1.225 1 400 1.789X10°° 0.001 6 0.09 2,4,6,8
0.08 1.225 1 400 1.789X10°° 0.001 6 0.09 2,4,6,8
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Fig. 2 Trajectory diagram of different size bubble in different initial velocities: (a) v¢=0.02 m/s; (b) v¢=0.04 m/s; v¢=0.06 m/s;

v0=0.08 m/s (From left to right, the bubble diameter is 2, 4, 6 and 8 mm, respectively.)
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Table2 Maximum bubble deformation parameter value with different bubble initial diameter under different initial velocity during

bubble motion

Maximum deformation

Maximum excursion

Maximum D-value of

vo/(m'sfl) coefficient, W coefficient, M. shake angle, U/(°)
2 mm 4 mm 6 mm 8 mm 2 mm 4 mm 6 mm 8 mm D=6 mm D=8 mm
0.02 1.124 1.467 1.944 2.354 0.186 0.123 0.063 0.032 2.643 4.16
0.04 1.138 1.532 1.962 2.402 0.189 0.135 0.068 0.034 2.71 4.23
0.06 1.146 1.561 1.978 2.342 0.196 0.139 0.072 0.037 2.82 4.28
0.08 1.157 1.568 2.016 2.571 0.203 0.142 0.076 0.041 2.93 431
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Fig. 3 Vector diagram of bubble rise velocity: (a) Initial stage; (b) Stabilization stage



B4 <.
WA, 5

523 %5 11

A BRI T IS 3 I U E R

3237

0.25

0.20

0.15

v/(ms™)

0.10

0.05

0 0.01 0.02 0.03 0.04

t/s
0.30
© "—d=2 mm
0.25¢ *—d=4 mm
A—d=6 mm
020} . v—d=8 mm
W :
g 0.15F <
=
0.10F
0.05F
0 1 I L 1 I
0 0.01 0.02 0.03 0.04
t/s

0.30

(b)
0.25F

0.20

0.15

v/(m*s™")

0.10

0.05

0 0.01 0.02 0.03 0.04
t/s

0.25

0.20

0.15

v/(m*s™!)

0.10

0.05

0 0.01 0.02 0.03 0.04
t/s

B4 AFEEARTGEAEAFYEELE N 0~0.04 s iz sl 18] BUF AR LA
Fig. 4 Change rule of different diameter bubble motions during 0—0.04 s at different initial velocities: (a) v,=0.02 nvs;

(b) v=0.04 mV/s; (c) v¢=0.06 m/s; (d) v¢=0.08 m/s

Q%_F___‘*\““‘*\\\\ﬂ

0.85r
—d=2 mm
0.80 *—d=4 mm
A—d=6 mm
® 0.75r v—d=8 mm
0.70

v

0&—§;:::Z::::I:::::

0.60

0.02 0.03 0.04 0.05 0.06 0.07 0.08
vo/(m-s™)

B 5 ANFEE RN AN E E AR BRI )

Fig. 5 Time of different diameter bubble reaching to liquid

level at different initial velocities
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Table 3 Initial condition parameters of simulation in different ore pulp densities

Initial velocity of ~ Air density/ Ore pulp Ore pulp Ore pulp Surface tension Initial diameter of
bubble/(m's ™) (kgm )  density(kg'm ) concentration/% viscosity/(mPa's) coefficient/(N-m ") bubble/mm
0.02 1.225 1175 25 1.6 0.09 2,4,5,6,7,8
0.02 1.225 1400 50 1.6 0.09 2,4,6,8
0.02 1.225 1600 75 1.6 0.09 2,3,4,5,6,8
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Table 4 Maximum bubble deformation parameter value with different bubble initial diameters in different densities during bubble

motion
o Maximum deformation Maximum excursion Maximum D-value of
(kg-m’3) coefficient, W . coefficient, M. shake angle, U/(°)
mm 4 mm 6 mm 8 mm 2 mm 4 mm 6 mm 8 mm D=6 mm D=8 mm
1175 1.115 1.346 1.527 1.952 0.283 0.251 0.094 0.037 3.27 5.83
1 400 1.124 1.467 1.944 2.354 0.186 0.123 0.063 0.032 2.84 4.16
1 600 1.180 1.635 2.236 2.648 0.125 0.097 0.048 0.012 2.31 2.88
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Fig. 7 Time of different diameter bubble reaching to liquid

level under different pulp densities
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Table 5 Maximum bubble deformation parameter values in density of 1 175 kg/m’

Maximum deformation Maximum excursion

Maximum D-value of

p/
5 coefficient, Wiy coefficient, M, shake angle, U/(°)
(kgm™)
4 mm 5 mm 6 mm 7 mm 4 mm 5 mm 6 mm 7 mm D=4 mm D=5 mm
1175 1.346 1.471 1.527 1.725 0.251 0.122 0.094 0.055 1.32 2.51
£ 6 TIHEE 1600kgm’ FRIEIBLSHHE
Table 6 Maximum bubble deformation parameter values in density of 1 600 kg/m’
/ Maximum deformation Maximum excursion Maximum D-value of
p
5 coefficient, Wiy coefficient, M, shake angle, U/(°)
(kgm™)
3 mm 4 mm 5 mm 6 mm 3 mm 4 mm 5 mm 6 mm D=3 mm D=4 mm
1 600 1.475 1.635 2.068 2.236 0.113 0.097 0.076 0.048 0.18 0.52
HRSE & AAHIA

FESEIRAE =, 0K A BT 25%~50% [A], XAy
IR S35 4y 1 175~1 400 kg/m®, PRI, Sl 500 T,
HHEE RSF(EAR N 3~4 mm) 977 TH 0 AT S5 4
TFIELE PR

4 g

1) iz VOF J5iEM AFWIEE AT AR AL
ZAF R I RIEAE 3 FPAN[RIE BE AR 2R v (12 B 1
1T T BEUSEES, £ 3 T S HIs 3l s Fn g 5 A 1,
I TR s KNS

2) LEW B E A 1400 kg/m’ I, HA2 K 4 mm [
AR AL IR AR 2%, BT RO, TR THRE
s, FeA R TR DG B2 A T e Kk
/N, PRI ERAE RGTSA 3~5 mm. X GEH
TR RSP REGE /N, B B AR DL AR T
WRL RN, AR 4 5 SR A P Ol R W

3) WAL B AT R YRR
vo=0.02 m/s I, KA FTHRIURIY B2 2R i)
FEMAN K HAIEYESE v>0.02 m/s B, <73
HOEIL Gl e WAL SN

4) SIS SRR, S CbRA e
RIS R 3~4 mm.

HARLER Y.
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