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Fig.1 Geometric model of mixing device
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Table 1 Geometric parameters of stirring device
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Fig.2 Mixing tank grid division
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Table 3 Details of simulation parameter Settings

BENER Z— , UL AE T B A 400 2 A 2 B X AU P
PR B TC M FEATRAE o TF AR AREL AR o3
B 11 W 16 W 1 31 W14 A% AT X L 56 0IE , %

s B2 AR DA
Prall R T 85 1180 kg/m’ WA 250 t/min, M\ HHEKEE L x =0.0475m
Yo 7 A 3e+9 Pa Ak BR8P DT T EAT XL, 25 R L IR 3
Pl EETRA T 0.37 M3 AT RIE Y, Toie S A H R T B2k E 2
Pimpeller RNt 7930 ke/m’ e T 5 = P A R O A AN R
Yimpetter st L 2.0de+ 11 Pa B2 TSRS L, OF LB B TS s ,
IR o 16 W I PR 4 L.
€, impeller BRI AL 0.785 3.2 HEEIISIT
" e AR 1 B T S LA —
L: ‘%ﬁiﬁm&\th 0,25 Tﬁﬁﬁf@iﬁjﬁigﬁ,ﬁﬂgfigﬁéﬁﬁﬁfﬁﬁ%%ﬂfﬁﬁ
. — 0,936 *ﬁtt}i,igﬁ?ﬁfﬁl‘ﬂ%‘z%i%'—?’f;‘:?ﬂ%%ﬁ Lt 4n &l
o I A 0.624 4P
e B R 0.894 HI[E 4 W] E LA ), AUl R 5 S 25 R AU &
Yo Vi R 2 0.01 FEIERLUF , ORHARA S S50 S A0, 2 [a] Y 22 1R, A
e, WOk & (R I 5% B BOTO s, RIE o TR A 15 b B UKL B fi
Prater K 1000 kg/m’® BOR M URIR A 1531 ST RO 1422 A R
Povser K I3 S B 0.001 Pa-s BH 5 BRI H Z L g O 0.462 3, ALY ¢ fH
Aty DEM I ff] 5 le-5 H0.5030, —FZEIR iR 2N 8.09% |, 15d B £ 57
Atep CFD iffii £ K le-4 (145 AR Y RS Bl P S
28 14
12
20r _ 10
\é 08
=15 g
=
Lol :3%)61{ 0.4
0.2
O-50 OI.S l‘é._O ll.5 2‘.0 0 O.IOS 0110 0.115 O.I20 0.25 0.30
(a) B VT SO (1) IS
B3 WA ICCHE R
Fig.3 Grid independence verification
x4 LA
Table 4 Experiment condition
S8 N2 ER KBz B ) e R T e Bl Hifz WoRiE H
Bt 190 mm 95 mm 48 mm 190 mm 200 mm 5 mm S ta/ B 174/174 ()




2024 410 A5 5

SRIIESE . 7 aUBERE 2 - R S A ERLU T T - 115 -

(b)3.5s

(d) 1455

(c)6.5s

B4 SCm SR

Fig.4 Comparison of experiment and simulation
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Fig.5 Effect of particle density on velocity
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Fig.6 Radial turbulent kinetic energy distribution under different particle densities
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Fig. 11 The effect of rotational speed on velocity distribution
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Fig.12 Effect of rotational speed on radial distribution of turbulent kinetic energy in horizontal section
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0.01

& 0.06-
N-m —=— 160 mm
£ 005F —0— 190 mm
?‘5 —4—220 mm
g 0.04r
=1
o
2 0.03F
[}
g
= 0.02f
]
)
=
]
=
=
=

0.2 0.4 0.6 0.8 1.0

(=]

/R
(a) 2=0.041 m

—8— 160 mm
—0—190 mm
—4—220 mm

0.021

0.0l

Turbulence kinetic energy/(

0.2 04 0.6 0.8 1.0
/R
(b) z=0.057 m

(=

B 16 I U A g RS 7K P TR i sl REARS 1) 234 O 2 )

Fig.16 Effect of initial liquid level height on radial distribution of turbulent kinetic

energy in horizontal section

RSD

-0 3 6 9 12 15 18

EE
B 17 T e R A A R

Fig.17 Effect of liquid level height on

mixing degree

RHBEARRE, IR E 0. 32 Utip Zidy o H3R0THI R
220 mm i, Y] 1 3 B B R AE R T Al 1] JEE , W LAk
#]0.40 Utip, 7E ARG IR DX, i T 0 = 5 K A 2k
AR I AN [ 0 35 JBA P T B 88 5 I e o A
ﬂ EMNEFE 1L h=0.85H I, =4 TH0 F 1

JE AR RIS T2, £ O BHIE , (H 49 =i

JE2 190 mm I 220 mm FY45 &0 75 56 I BE 1 AL 19
L AN Bl

HITE 15 (b) rT L Y, Joie4) 6 960 oA ] g
J,0. 30R -1 L 3 B2 AR A il 2 4% Hh BB UK 8l
I ELe Bl HH B A i AR AR TR, 26— Ui s i B A
h=0.041 m &b, B I-AE, oAb Hy T2 0 (9 %% o) il
FRA AR FIAURL B ) 20 T e iz s A,
AT TR BE 7 A0k 7 1 S DR B T s T
%o WS KU BLAE 0. 60H [fifr, {H 2 MK
AT LAFR Y B AAR THT  E ARn 5F —iesh g
P32 AL Bt 22 D/, S PR g 948 T ey AT, 68 T 14 9 T
ey LB T2, Sl RE UL AR B, BT LA Sl W R e
BKo

HiE 16 A&, 1E 2 =0. 041 m I, Jifi 3 fiE H £k
FAEPIRIE SN, T 2 =0. 057 m fF T FAFAAE 3 WG
190 mm 7l 220 mm - _L {145 2 BE 7315 p 2k SR AS H



2024 4E 10 A4 5

SRIIESE . 7 aUBERE 2 - R S A ERLU T T - 121 -

A, 1M 160 mm ST - (14 3 36 R 28 7E 55— U i
A P S B K A PRI R T 5 o R ST R T
Ab =Fh i BE R B B RE A iR BE AT A I,
VR TS AVRAN 1) T R ) TR A5, 80 T e v %o A ) T
B SR, 76 S B AR 7= v Ry P 3 0 VT
1o S DARIE A 7= 300 %, T v B VLR P R S & AR
PR3

Bl 17 JoR TSR & B2 R RSD A2k 2k 5
BT C R . AT LUA Y, WA = B R B TR 52
w0 e 190 mm 1220 mm (i T4 R, RSD
R IEA T A, 7E30E 55 3k 160 mm B, RSD B 7E
R I W B o, TS 5 7R P Sk A, V9 o 38 v 5 2
s IXFP AT LA I A i 3h B8 43 A A8 1kt B
Xt I, 2 U5 B T v R P 4 B AR A A e 4
PERCE A

5 258
AR BN ORE 5 B IURDRE A 0 2 1)

QR T g B8 33K DA Dy TS 7 A 2 P R DB

FREFEAT TR WTFE , MIBLRE A1 it Sl RE AR 45 8 =

YEREXNR S TERESEA TP A5 B LA R =518
1) MR G R 2 Wi dee O 1) 2 UL 25 J32 /140

MU R AR MORLRE . Y BORL A 1200 kg/m’

IR A PEREBON 5%, RSD H AT LIGAE] 0.5 F 45 ;

W IR G HORMZ AL 22 . BEE BEFE R,

A TEREZTS E I
2) FIURLRL A2 XS T G M RE 52 Wi 50 /) , (HRL A%

N RS R IR EIRERS)E  RIR G

RSD {EL B RLAR B MRS A, B IR & 2 BE A1
3) UG IR TET e FEE Y SO S B AR A U,

T [N B PR REFEAS AN 7 AR 52 W), = 00 P Y

TG RSD 2 A —H , AT RS I M DX Y it

SNREA AERE , (B 22 R XHR A TERERZ AN

[ 275 3CHK ]

[1] NIE A, GAO Z, XUE L, et al. Micromixing performance and the
modeling of a confined impinging jet reactor/high speed disperser
[J]. Chemical Engineering Science, 2018, 184, 14 —24.

[2] LONG J, WANG C, ZHU ], et al. Discrete element simulation for
mixing performances and power consumption in a twin-blade
planetary mixer with non-cohesive particles[ J]. Advanced Powder
Technology, 2022, 33(2) ; 103437.

[3] XfEH, Eis4, FIRIC. WA IR & M b iy
EIM]L HPR: POl RAL, 2016.

LIU Zuohua, WANG Yundong, TAO Changyuan. Chaotic mixing

[10]

[11]

[12]

[14]

of fluid and strengthening method of agitation process [ M ].
Chongging: Chongqing University Press, 2016.
B, BT, WO, SE. BT SR RER R SR B A R A it
W ATLI]. mrfbT, 2023, 50(7) : 84 - 87.
MAO Weibo, HOU Qingin, ZHANG Xu, et al. Research and
analysis of low-carbon development path and measures under the
background of dual carbon [ J]. Yunnan Chemical Industry,
2023, 50(7) . 84 -87.
RONG W, FENG Y, SCHWARZ P, et al. Numerical study of the
solid flow behavior in a rotating drum based on a multiphase cfd
model accounting for solid frictional viscosity and wall friction[ J ].
Powder Technology, 2020, 361 87 —98.
DUBE O, ACKLEY M, CELIK C, et al. Discrete element
simulation of the dynamics of adsorbents in a radial flow reactor
used for gas prepurification [ J ]. Adsorption-Journal of the
International Adsorption Society, 2014, 20(1) : 91 —107.
YANG H, LI R, KONG P, et al. Avalanche dynamics of granular
materials under the slumping regime in a rotating drum as revealed
by speckle visibility spectroscopy[ J]. Physical Review E, 2015,
91(4) . 042206.
YANG H, ZHANG B, LI R, et al. Particle dynamics in avalanche
flow of irregular sand particles in the slumping regime of a rotating
drum[ J]. Powder Technology, 2017, 311 439 —448.
TANG X, YUE Y, WANG S, et al. Modelling of gas-solid-liquid
flow and particle mixing in a rotary drum[J]. Powder Technology,
2022, 409 117758.
ZHANG L, YANG K, LI M, et al. Enhancement of solid-liquid
mixing state quality in a stirred tank by cascade chaotic rotating
speed of main shaft [ J]. Powder Technology, 2022, 397.
117020.
GU D, SONG Y, XU H, et al. CFD simulation and experimental
analysis of solid-liquid mixing characteristics in a stirred tank
with a self-similarity impeller[ J]. Journal of the Taiwan Institute
of Chemical Engineers, 2023, 146, 104878.
WFIR, IhKE, BROENE, 55, BOPEERAE R 45 1 2800 Wt
RS PERERZ R BT [T ] TLPHR 4, 2021, 41(2) .
10 - 19.
LAI Liying, SUN Yongchang, LI Qingqing, et al. Simulation
study on effect of operation and structure parameters on particle
mixing performance of stirred kettle [ J]. Jiangxi Metallurgical
Engineering, 2021, 41(2): 10 -19.
INKE, ki, B, . PR S HOu S U PR IR S
RESZIRIREALL T]. D B AR, 2022, 28(6) : 99 - 106.
SUN Yongchang, ZHANG Pei, WU Yukun, et al. Simulation of
effect of material parameters on mixing performance of vertical
stirred kettle [ J]. China Powder Technology, 2022, 28 (6) :
99 - 106.
MRI%. AL T3t vh AR ZE RN A e S L R 18 5
Hed[ ). fL TR, 2021 (22): 98 -99.
CHEN Lu. Overhaul and maintenance of three-plunger pump and
vertical stirred kettle reducer in chemical dynamic equipment

[J]. Chemical Engineering Management, 2021(22) : 98 —99.



. 122 . i OGBS A BEE

[15] REERE, ZE36k, R, %. 3T CFD MR HE— &1L & stirred kettle [ J]. Chemical Engineering, 2015, 43(5) . 49 -

R A PERE AT LI ). ArimbLeg, 2023, 51(1) : 103 - 109. 52, 67.
SONG Kangkang, LI Meqiu, HUANG Tiancheng, et al. Analysis [21] AYDOGDU M. Analysis of the effect of rigid vegetation patches
of solid-liquid mixing performance of mixed-discharge integrated on the hydraulics of an open channel flow with realizable K — &
device based on CFD [ J]. China Petroleum Machinery, 2023, and Reynolds stress turbulence models[ J]. Flow Measurement
S51(1): 103 -109. and Instrumentation, 2023, 94 . 102477.

[16] HAN B, ZHU X, YANG B, et al. Study on the mixing [22] JOSHI J, NERE N, RANE C, et al. CFD simulation of stirred
performance of mixing vane grids and mixing coefficient by CFD tanks: comparison of turbulence models. Part 1. Radial flow
and subchannel analysis code in a 5 x5 rod bundle[ J]. Nuclear impellers[ J |. Canadian Journal of Chemical Engineering, 2011,
Engineering and Technology, 2023, 55(10) : 3775 -3786. 89(1).23-82.

[17]  Z5. CFD BEBBORLED Y77 2o I 3% 5 7 vp (4 i, IR (23] SRWELL. BIChr SO — BRI RH - ks B9 H s AICRURL A (1 37
B[] A @5#,2023,37(6) :6 - 11 REUHEBA D] . MG /REE I RIE Tl K2, 2020.

LI Chao. Research progress on the application of CFD numerical ZHANG Qinghong. Fluidized-bed numerical simulation of Euler
simulation technology in mineral flotation slurry mixing process gas-Euler solid-Lagrange discrete particle Model [ D]. Harbin;,
[J]. Nonferrous Metallurgical Equipment,2023,37(6) :6 —11. Harbin Institute of Technology, 2020.

(18] R Ml M]. . 168 Dk bRk, 2011. [(24] Z/AMe, RWISE, SRor#R, 5. [IEERE N =4 o iokiiem
WU Keng. Principle of metallurgical transmission [ M]. Beijing; WRETHN )] AL THERE, 2013, 32(6) ; 1224 —1229.
Metallurgical Industry Press, 2011. LI Shaohua, ZHU Mingliang, ZHANG Lidong, et al. Analysis of

(191 FMmZE. BRI oM. Jba: Efe ksl it radial mixing evaluation method of three component particles in
2004. rotary device [ J]. Chemical Industry Progress, 2013, 32(6) .
WANG Fujun. Computational fluid dynamics analysis [ M ]. 1224 -1229.

Beijing: Tsinghua University Press, 2004. [25] PIANKO-OPRYCH P, NIENOW A, BARIGOU M. Positron

[20] @3, k2, X—8, 55 S NSRS XT @R emission particle tracking ( pept) compared to particle image
BREHBOTRLT]. TR, 2015, 43(5) . 49 -52, 67. velocimetry (piv) for studying the flow generated by a pitched-
ZHAO Ying, ZHANG Zhenzhen, LIU Yizhe, et al. Gas-liquid blade turbine in single phase and multi-phase systems [ J].
dynamic relative stable state and Reynolds number calculation in Chemical Engineering Science, 2009, 64(23) : 4955 —4968.

Simulation of solid-liquid mixing characteristics in vertical stirred tank
ZHANG Boqun, LI Zhengquan, LAI Liying, WANG Yide, WU Yukun
(Jiangxi Provincial Key Laboratory for Simulation and Modelling of Particulate Systems,
Jiangxi University of Science & Technology, Ganzhou 341000, China)

Abstract; The study of solid-liquid mixing characteristics is of great significance to the optimization of production
efficiency, energy consumption and other indicators, and the vertical mixing kettle is more often used in actual
production. In this paper, we use the CFD method and the DEM method to carry out numerical simulation research
on the particle mixing characteristics of the vertical mixing kettle in terms of the particle density, particle size,
mixing speed and the initial liquid level height, etc. , and evaluate the particle mixing characteristics in terms of
three dimensions, namely the velocity field, turbulent kinetic energy distribution and the degree of mixing of the
particles. The mixing characteristics of particles were judged from three dimensions: velocity field, turbulence
energy distribution and particle mixing degree. The results show that, among these factors, the particle density and
stirring speed have the greatest influence on the mixing characteristics, especially when the particle density is 1200
kg/m’ , the relative standard deviation value reaches about 0.5, which indicates that the mixing degree is better;
the larger the stirring speed is, the better the mixing performance is; the particle size has less influence on the
mixing performance, but the smaller the particle size is, the more easy it is to be suspended, and the increase of
the particle size decreases the mixing degree; the change of initial liquid surface height leads to the change of solid
content rate, but it has no effect on the solid-liquid mixing performance.

Key words: vertical mixing tank; solid-liquid two-phase flow; CFD — DEM; mixing characteristics; particle

density ; mixing speed; particle size; initial liquid surface height



