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Fig.4 Trajectories and deformations of bubbles under different surface tensions

1=0.06 s 1=0.09 s

T3 DA P 00 1) 79 400 9 /) , 2% 1T 5K 7 458/ IN ) <03
7E 0. 06 s B & AR AR IE  7E 0. 06 s BF A fE4Edy
HIFARERIE , ghi s WA 4 (b) () (d) BRI
BIE , KA RARTE T AE 0. 09 s B, i T A3 )
(IEZI , FTR K F1°0 0. 1 N/m A3 H B 1 T A
AnE (b) BrasTBTER , F 5K 714 0. 01,0. 001 N/
m LR JFOR IR IE AR M A& 4 (¢) (d) Brs i /]
MR, BRS8N AR B



_— tEAE %S S
I et Iof X LA AT AL WA 6 L Lt
2001 Nim FRKIK G, BRI T 248 8 LK) 1000 1
081 0001 Nim f SUIAE 0. 06 s UG AR 7E 0. 09 s B B THi

0.08  0.09

0.06 0.07
Aif f)/s

5 NIRRT SK WA R L

Fig.5 Offset coefficients for different surface

0.05

0.04

tensions

WS 7Rt FEAS R R TH K ) 5544 R, ]l
(IS 22 B BE 2 2% 11 5K 7 10 386 R T8 K, (L3 s 4
N U B KO ) R RS /N, ek
P R AL AT R R M, B 2 1 7k g xS i)
4 1 L B S M AN
2.4 FENSBIEHSTRAZM

BT (p,) S5 E (p, ) HERL
BB 5T W5 ), ok S AR B O 12,25 ,122.5
FI 1225 kg/m® LB EAE X8 BE L0451 R 10
100 F11 000 = A>T AL AT BE B, $d b 8 B2 Ry
200 r/min, ALK/ 16 mm , Hofl S AR A 7S
BFE] £ 435104 0. 03 .0. 06 F10. 09 s Fif ZI < L AR T
iz s K 6 Fs .,

IEL6 AT LUE Y WA TSR0 % B AN ]
A BFZ IE R &AM, 24 p/p, =100
IR A R R IR BA R RE  p,/p, =10 I
SHILTA K AT e A% | Ud B 24 % B2 /T 100

1=0.06 s

1=0.09 s

1=0.03 s

1.053x10
S263x10° 1=0.05s

(@pfp,=10

(b) p/p,=100

FUEIAER, S th 8 R A2 IR, & AR R AR
. IE 6 ATLIE 2 p,/p, =10 ISR AR
BB NS | OB SR T A2 77 AR AR N A4
BRREROK, RS2 7 st ok, At b R
R RS By R AR o AT BT AT VR AR JE
K, TR R, SR 5 kAR, 85k
EER AV RN L7 A

K7 R AS ) 5% BE LU 0w B8 2R 85, R o4 SR T
Y VAR R/ INE ) S KT Tl B RS 2
O, S ) s ZR AR, {H 25 B2 LU M 100 35K
£ 1000 B, (i A% 22 HOG GBI, UL R AE %
BER AR T 25 5 32 200 P I 5 10 5% ), {HL %5 B 1L
HANE] 100 Z J5 /N,

2.5 SREMBREENSKEEHSTRNZMm

XA PR B e Rl 2302 50,60 .70 F1 80
mm DU T AT EE R, B 2 200 1/ min,
UHIR/INA 16 mm , A S AR AN AR B a] ¢ 43 531)
40.03.0.06 F10. 09 s B 2|5 70 YA TE iz sh 4 &
8 7,

NG R N s T 1 e v o7 N [ I A
JEAE Filiz sl D34 ASHTE] . 7E ¢ =0.03 s B, B
PEFEIIRGT & = 50 mm S BERL R A T il
U, AR 2 P Al i R PR RFEROE S AL
t=0.03 s B ZIZ )5, BE B B bl s i e kR A= 1)
AR, x =50 mm 7E 0. 06 s 78 Ay s WELAR i HiAth
YR SEMER s 7F 0. 09 s B x =50 mm YS9 3 A K
FEXER, 2 =60 mm 1 TEIEAS A THTEIR  « =70
mm 5 x =80 mm {Jﬁﬁk%ﬂl@ﬁﬁ,@g‘?ﬁﬁéﬁﬁﬁm I,

1=0.06s  1=0.09 s 1=0.06s  1=0.09 s

{©) pdp,=1 000

Bl6 &I IEAEK B SRR

Fig.6 Effect of density ratio on bubble motion and deformation in water



2024 4F 10 A4 5 i

ZEHUBESE . P71 OEAEREPER iz 3 5 A B E AL - 129 -

08
-a-p/p =10
- p/p =100
0.6  —apip =1000
® 04r
&
02r

(‘; Il 1 1 | 1L 1
0.03 0.04 0.05 006 007 0.08 0.09
Bif 1] /s

B 7 AR LR R 2R AR

Fig.7 Offset coefficients for different density ratios

1.000x10°

9.474x107!
8.947x10™!
8.421x10™!
7.895x10!

6.316x10!
5.789x10"!
5.263%x107!
4.737x107!

3.158x10™!
2.632x10~

2.105x10!
1.579x107!
1.053x10!

(5).263><10’2 =0.03 s 1=0.06 s

(a) =50 mm

1=0.09 s

1.000x10°
9.474x107!
8.947x10!
8.421x10™
7.895x107!
7.368x10!
6.842x10"
6.316x10™!
5.789x10!
5.263x10!
4.737x107!
4.211x107"
3.684x10!
3.158x10!
2.632x10!
2.105%x10!
1.579x10!
1.053x10!

S263x107 0035

1=0.06 s
(c) x=70 mm

8 AFEFIGN B GERE s S

Fig.8 Motion and deformation of bubbles at different initial positions

1=0.09 s

Y AL RF TR] AT A5 0 R /) 7 4
AT A L JEE A, U B N i) P T A ) 3
AR, B B R DX

3 #E5ig

ASCR Y VOF iy PLIC ST 44 7 B %) B
SR ERFEAE B shE AT T BUE R, AR
PEPEEE T AR ST sk 1 % B RS bR A

RGPS i) DAY TMT 6 BEC T T A8 B e T )
AU T PR, R AP DR B I 2
PP MO, T RN AR AR T B I 2
W, AT M BN, oA Al G S AL TE
SETMIWIIR LB AR R, R B PR, P2
TR B B VR it , I )T AL s U] .,
FERLAOR

9 R IR SR AEBEPE RS A [ K37 B Y
R R ] AR AR £, nT LA Y DA B A
M T BEHE T A RSO & 2 3l , {2 x = 50 mm
5 x =60 mm B AR Z R, BEE M S HEH
fith 22 ] S 3O, A2 BRI S A TN, S

1.000x10°
9.474x10!
8.947x10!
8.421x10"!
7.895x10!
7.368x10!
6.842x10!
6.316x107!
5.789x10"!
5.263x107!
4.737x107!
4.211x107!
3.684x10!
3.158x10!
2.632x107!
2.105x10™!
1.579x10"!
1.053x10!
8.263><10’2

1=0.03 s 1=0.06 s
(b) x=60 mm

1=0.09 s

1.000x10°
9.474x10"!
8.947x10"!
842110
7.895%10"!
7.368x10"!
6.842%10""
6.316x10"!
5.780x10"!
5.263x10"!
273710
4211107
3.68410""
3115810
2.632x10"!
2.105%10- [
1.570x10- K&
1.053x10"!
2.263x10°

1=0.06 s
(d) =80 mm

1=0.03 s 1=0.09 s

B AR PP 32 B K AT s, SR
ANSYS Fluent 19. 0 SR fg#R S TR0, f5 2 DL F 2
g5e,

1) B A i W AR T Bl g % 2 S TR AR
TS 3 U 8 o ok AL 32 B AR JE e A

2) MK SRR AERF A B AR, B & AR
I o Y Eo fHIEK, BRI TH 7K T 180/INat | S iy A2
TE BT A G, ST 5K R S AR ) 3 R )



- 130 - T EH A &

HEEH

0.7
—=—50 mm
0.6 —e—60mm
—4—70 mm /’
0.5r ¥ 80 mm //
T, 04F
g
S 03r
0.2}
s ;_*___—QL—:f/:’t
0.1 "
0 1 1 L 1
0.02 0.04 0.06 0.08 0.10

IR}/
B9 AlEIA AL E E A A i 2
Fig.9 Change curve of velocity at different initial

positions

AR,
3) MR IR RS 5 %85 B2 L5 e <00 B, A
M2 LB 3 5728 . W1 ROT 5 % B LB
jt LR, AR
4) KUY W) R A B PR BTS2 WA I 3 1R
FITR/IN TS W) iz zjﬁ@hﬂl%n*“ﬂzo B LR
PP A HEIE T S22 AR T S AR B oK, =
SO AR T N 3 B DX R A B 2 B R
[ 27 30k |
(1] ki, 200, FEAMEE. JuRIF o B BRI bR ()],
LT, 2006(2) : 92 -95.
ZHANG Haiming, LI Chenghai, TANG Yajuan. Application and
development of foam flotation separation technique [ J]. Liaoning
Chemical Industry, 2006(2) ; 92 - 95.
(2] JAZEIK, mH3CEB, bk, 5. TR E AR A [ AL 3 b i A
[J]. L THAREIF %, 2023,52(11) ; 77 - 82.

ZHOU Wanxin, YE Wenxin, YANG Tao, et al. Application of

flotation technology in solid wa-ste treatment [ J ]. Chemical
Technology and Development, 2023 ,52(11) . 77 - 82.

(3] ki, IHHRACIT BEBLBEORBITELI]. EIRI Tk, 2022(6)
35 -37.

ZHANG Haijing. Research on flotation deinkin-g technology of old
newspaper[ J]. Printing Industry, 2022(6) ; 35 - 37.

[4] LU Yang, CHEN Bo, YU Miao, et al. Simultaneo-us separation/
enrichment and detection of trace ciprofloxacin and lomefloxacin in
food samples using thermosensitive smart polymers aqueous two-
phase flotation system combined with HPLC[J]. Food Chemistry,
2016, 210(1): 1 -

[5] LI Zhengquan, CHEN Huimin, WU Yukun, et al. CFD-DEM
analysis of hydraulic conveying of non-spherical particles through a
vertical-bend-horizontal pipeline[ J]. Powder Technology, 2024,
434 119361.

(6]

[10]

[11]

[12]

[14]

[15]

VAISHNAVI G, RAMARAJAN J, JAYAVEL S. Numerical
studies of bubble formation dynamics in gas-liquid interaction using
Volume of Fluid ( VOF) method [ J]. Thermal Science and
Engineering Progress, 2023, 39 101718.
LAKSHMANAN P, PETERS F, FRIES N, et al. Gas bubbles in
simulation and experiment [ J]. Journal of Colloid and Interface
Science, 2011, 354(1) : 364 -372.
FILELLA A, ERN P, ROIG V. Interaction of two oscillating
bubbles rising in a thin-gap cell; vertical entrainment and
interaction with vortices[ J]. Journal of Fluid Mechanics, 2020,
888 Al3.
BOHM L, KURITA T, KIMURA K, et al. Rising be haviour of
single bubbles in narrow rectangular channels in Newtonian and
non-Newtonian liquids [ J]. International Journal of Multiphase
Flow, 2014, 65. 11 -23.
ZHANG L, YANG C, MAO Z S. Numerical simulat-ion of a
bubble rising in shear-thinning fluids [ J ]. Journal of Non-
Newtonian Fluid Mechanics, 2010, 165(11 —12) : 555 —567.
KRISHNA R, VAN BATEN J M. Rise characteristics of gas
bubbles in a 2D rectangular column: VO-F simulations vs
experiments[ J]. International c-ommunications in heat and mass
transfer, 1999, 26(7) : 965 -974.
RATBR, ZRmoR, FkE, 45, SOEAK D L FHE 3B E
BAU[T]. IR R 24 HARBHFRR, 2010, 24(5) -
417 —-422.
ZHU Renging, LI Yancheng, NI Yongyan, et al. Numerical
simulation of bubble rising in the water[ J]. Journal of Jiangsu
University of Science and Technology: Natural Science Edition,
2010, 24(5): 417 -422.
XVZL, R, T, % SR EER MRS hRRE
SRR RCE AT E [J]. R T R340k, 2011, 51
(3):331-337.
LIU Hong, XIE Maozhao, YU Jing, et al. Num-erical simulation
study of bubble behavior in m-olten metal flow field with
reciprocating stirring [ J ].  Journal of Dalian University of
Technology, 2011, 51(3): 331 -337.
KB, Z2F, KRB, 5. SRRl S SR EAE
JHREEREIL )], T EBHGEC, 2013, 8(6) : 525 -529.
ZANG Jinya, LI Feng, ZHU Hongwu, et al. Nu-merical
simulation of the interaction between bubbles and oil drops in the
gas floating process [ J ]. Chinese Science and Technology
Papers, 2013, 8(6) : 525 —529.
KOH P T L, SCHWARZ M P. CFD model of a self-aerating
flotation cell[ J]. Int J Miner Process, 2007,85(1 -3): 16 —
24.
SALEM-SAID A-H, FAYED H, RAGAB S. Numerical
simulations of two-phase flow in a dorr-oliver flotation cell model
[J]. Minerals, 2013, 3(3): 284 —303.
ZARGARAN A, MOZAFFARI E, GIDDINGS D. Gas-liquid slip

velocity determination in co-current column flotation [ J]. Sep



2024 4F 10 A4 5 i

ZEHUBESE . P71 OEAEREPER iz 3 5 A B E AL - 131 -

Purif Technol, 2016, 169 179 - 186.

non-spherical particles stirring process in stirred tanks [ J].

[18] HIRT C W, NICHOLS B D. Volume of fluid ( VOF) method for Powder Technology, 2024, 434 . 119345.
the dynamics of free boundaries [ J]. Journal of computational [23] ZHANG S, MINGJUN P, ZHENG Z. Influence of liquid-phase
physics, 1981, 39(1) . 201 —225. rheological properties on bubble rising motion[ J]. International

[19] MIRJALILL S, JAIN S'S, DODD M. Interface-capturing methods Journal of Multiphase Flow, 2023, 104694.
for two-phase flows: An overview and recent developments[ J]. [24] fRIEHE, KRE¥, XL, 4. PANKWERSES BRI+
Center for Turbulence Research Annual Research Briefs, 2017, BB MEBMEE ], AR#E5HE AR, 2007, (2):
(117 -135) . 13. 146 - 151.

[20] 0¥, sRITHL, MEH. LR KBRS 8 sh p R XIE Maozhao, SONG Huiling, LIU Hong, et al. Numerical
[J]. mEAB M4, 2010, 39(1) : 48 -53. simulation of single bubble behavior in stirred liquid metal fow
LOU Wentao, ZHANG Bangqi, SHI Zhe, et al. Simulation of [J]. Thermal Science and Technology, 2007, (2) . 146 —151.
bubble dynamics in water model of ISA vessel [ J]. China [25] W/NAF, BRI, REY 4. BIFRPIEFIR s s EE
Nonferrous Metallurgy, 2010, 39(1) ; 48 —53. BBILT]. HPEA A4 )RR, 2013, 23(11) 3232 -3241.

[21] BRACKBILL J U, KOTHE D B, ZEMACH C. A continuum PENG Xiaoqi, CHEN Sichao, SONG Yanpo, et al. Numerical
method for modeling surface tension[ J]. Journal of computational simulation of flotation bubble motion in supension fluid [ J].
physics, 1992, 100(2) : 335 -354. Chinese Journal of Nonferrous Metals, 2013, 23 (11) . 3232 -

[22] LI Zhengquan, WU Yukun, WANG Yide, et al. Simulation of 3241.

Simulation of the motion and deformation of flotation bubbles
in a stirred tank
LI Kaixuan, LI Zhengquan, ZHANG Boqun, WANG Yide, SHI Haoyu

(Jiangxi Provincial Key Laboratory for Simulation and Modelling of Particulate Systems,
Jiangxi University of Science & Technology, Ganzhou 341000, China)

Abstract: In this paper, the purpose of this paper is to numerically simulate the motion of a single three-
dimensional bubble in the stirring tank by using the volume of fluid ( VOF) method to capture and reconstruct the
interface, and to study the motion and deformation of the bubble in the stirring tank during the interaction between
the two phases. Taking into account surface tension and gravity, the equations for the conservation of mass and
momentum are calculated in real time. The pressure-velocity coupling is realized by the SIMPLE scheme, and the
interface reconstruction is achieved by the geometric reconstruction PLIC scheme. The effects of stirring speed,
bubble size, surface tension, density ratio and initial position of bubbles on the motion and deformation of bubbles
in the stirring tank were analyzed. The results show that the stirring speed can change the shape of the bubble, and
the surface tension can maintain the shape of the bubble and prevent the deformation of the bubble. The bubble size
and density ratio affect the velocity of the bubble, which further affects the deformation behavior of the bubble, and
the difference of the initial position of the bubble has a significant impact on the movement and deformation of the
bubble. The results of this paper can provide a theoretical reference for optimizing the flotation process parameters
and improving the flotation efficiency of minerals.

Key words: flotation bubble; VOF method ; gas-liquid two-phase flow; mixing tank ; numerical simulation; stirring

speed ; bubble size; initial position



