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Three—phase stirring simulation of H,SO,~O,—copper anode slime and grey
comprehensive evaluation in vertical reactor

WAN Zhanghao?, XU Zhifeng®?, HUANG Jindi®, YAN Kang*
(Jiangxi University of Science and Techology, a. School of Metallurgical and Chemical Engineering, Ganzhou 341000, China;
b. Energy and Machinery Engineering,Nanchang 330013, China)

Abstract: Euler — Euler multiphase flow model, standard k—& model and Multi-Reference Frame model (MRF)
were applied to simulate the three—phase mixing system of H,SO,—0,—copper anode slime in a vertical kettle.
On the basis of orthogonal design experiments and grey analysis, this paper studies the effects of various
factors, including stirring speed, sulfuric acid concentration, liquid—solid ratio and temperature, on the mixing
performance and the scale of importance for these elements. The gas holdup rate, turbulent kinetic energy,
liquid phase velocity, and solid phase velocity were used as comprehensive evaluation indicators. The results
show that the correlation speed range of the agitation speed is the largest, that is, the rotational speed has the
greatest influence on the mixing performance.The order of the factors affecting mixing performance is: stirring
speed> temperature> sulfuric acid mass fraction> liquid—solid ratio.
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Fig.1 Vertical kettle simulation domain
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Table 1 Structural parameters of vertical kettle

BV 2 EOE 25 ZHUE /m
ZNED 2.900
e H 3.805
BV RN K C 1.300
K B 2.200
EELIE S 0.420
I 43 )52 )3 0.050
I % 14 4% 0.300
SIS
Bt 0.200
Bt 5 0.350
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Table 2 Density and viscosity of sulfuric acid

under different conditions

% K W /(kgom™)  BE /(kgemTs™)
10 % 1073.5 0.002 138
_— 20 % 1151.0 0.002 576
Bkt 3 5 30 % 12326 0.003 408
40 % 1317.9 0.004 571
293.15 1 139.4 0.001 600
323.15 11215 0.000 835

T /K

353.15 1102.1 0.000 544
393.15 1077.0 0.000 026

1.3 HFER

¥ M Euler—Euler 2 AH i 5 1452 400 = AH 430 $F 74
F W TAE LS N 2 A e AL, 3
AHFR OAH SR A TR 8 BT & SF T 5 B (Mass
Conservation Equation) 13/ & 5F 18 J5 # (Momentum
Conservation Equation) 41 F 7R .

[t SP AR T R GESEMETT R ) «

%(a‘pkHv - (o pi j)=0 (1)

b TS Y EW

5 - o
o (Pt )+ V(P fiy pr) ==, V PV -

(0 g Vit (V)" 40, pgt P, (2)
AR S P R

(;37 (o pr )+ V = (o py s pry)=—0y NV P+ YV« (0 g

(Vut( VMI)T>)+azP/g+F1g (3)
K (2) G gy M g, ARG Fy, AT S
A

Z FH 8] 19 B, 1 % Schiller—Naumann! 75 1 |
kAN .

24(140.15Re*™)  ». 1 000
Cp= Re 4)
0.44 Re=1 000

K (4)F Re HEERL
1.4 #EIF*

BEXF 3L A T HLS 04— 0, il BH AR 8 = A 4 1 B
P, R H Fluent 44 3EA7 3R RT3 18 £ BCRL - RiChr
CEWRBIRL T FAR UE k—e i AR R T RE T I AR 2
Bl 0k B s v BE T PR RS AL B B R X R A MRF AR
YRt PR LR AR RO 25 AR 4 o U SEORS B 38/
107 e F R BALR S BOE AT AR AR AL, 1R
KIEAA BN 50, ALK K 0.002 s.
1.5 MBS RBFREH

K Gambit 1ij b BE AR X6 37 228 i AR
HEATEEAR , 25 15 S5 A0 Ak I A Rl 235 44 £k 190 4 X6 575X
ZERERYIEAT IS K] 43, HL b i DX IR A T 4 B I R 45
Fa A A% R A B | H T Bl X3 A AR AR A Oy B
F | X LA SR R IO 14 7 T A D) s Tl 4 R O L2 B
B DX 35k 1 X Ak 14 O Al 65 K Ak A . Ry T A S4B ST
KN TR Iz g, X JEA 0 R R 2 43 X 38 P 1Y
PO A% S BRI %, e 2 A Bk 97 T A4S Hoh sz 28
2 OE R | LI A N B 2 TR

W 37 258 00 g AL FE X A 2 A Bl X R AE Y 1
3 #B4r, shEf X e8] 1 interface 32 5101 JEAT 8l &= A
R AE %, HE s MRF B T 50 X 88— & 5%
B, FE A R P A 5 B DX 8 1R TG AR X2 Bl T X
Sl ) 1 A Ak RE AT ARSI SR B A A R
FEAE i R O O, B E RO 1,8 RN
15.131 m¥%h. 2T &8 R 0, R 1 K/
R —AFRERAE. P URARAS L Fluent S 44 v 1)
Patch D BE S A [ B RTET A9 = B, B A P BT o
H=1.708 m, Bl H<1.708 m A [X 38k 435 A H,S0, ¥
AIBHAR Y UKL ; H>1.708 m 1Y X3 43554 O,




2018 4= 8 H

(a) 3732w RS TE AL

1.6 &IREMHEHES RN

— B ST AN IRV 1 T 1 1) [ A oA an ] 3
Jiw , H L3 T 40 P 1O 28 P A 23 A R Y
SEMA A Ry W PR R 3 (a) AT A P AL AR i A AR
555, 3 ik A %) 478 A 10 A 32 B0 B ot B B R O R
KAEAF BN A R B AR VIR PR 4. Bl 35 B ol 1 K &
400 r/min, WAL 3(d), 2 450 P i B2 52 4 AR U
AR i ) 20 0 B AE 28 NG P12 Bl IR TR ) P
T 7 A YR SR T R A R A S S A =2 T A
FERA.

— 2B A AN [ B TR B e AR T X Y

(b) 210 r/min

(a) 120 r/min

(b) 372 A2 AT o) A O AL 12

(c) HM2MHE
2 UXFHERREMMIE
Fig. 2 Vertical kettle section and paddle grid
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Fig. 3 Solid phase distribution under different rotation speed
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Fig. 4 Solid phase distribution under different sulfuric acid mass fraction
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Table 3 Original data of influencing factors of

flow field in vertical kettle

A 14 V.
TH B /% C % D IK GH /% 1
/(r*min™) /(m2-s2) /(m-s7) /(m-s™)

1 210 20 4:1 323 18286 1.695 3249 3231

2 210 30 6:1 353 26264 1.494 3.181  3.176

3 210 40 81 373 18424 1.673 3239  3.219

4 300 20 6:1 373 29321 2378 4466  4.426

5 300 30 81 323 29.467 2.624 4459 4432

6 300 40 41 353 34.876 2730 4480 4.474

7 400 20 81 353 33.783 4.346 5923 5.871

8 400 30 41 373 34.121 3.968 5919 5.886

9 400 40 6:1 323 34017 4.738 5.871  5.828
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Table 4 Normalization data for mixing

performance

v, V.
/(m?2-s2) /(m-s™) /(m-s™)

A
T4 B1%C 1% D IK GH /%

/(r+min™)

1 210 20 4:1 323 0.000 0.062 0.025 0.020

2 210 30 6:1 353 0481 0.000 0.000 0.000

3 210 40 81 373 0.008 0.055 0.021 0.016

4 300 20 6:1 373 0.665 0273 0469  0.461

5 300 30 81 323 0.674 0348 0466  0.463

6 300 40 4:1 353 1.000 0.381 0.474  0.479

7 400 20 81 353 0934 0.879 1.000  0.994

8 400 30 41 373 0954 0.763  0.999  1.000

9 400 40 6:1 323 0948 1.000 0981 0979
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Table 5 Grey correlation degree and sorting

A USEES

T Heomin ) B/% C/% DIK B Herr
1 210 20 4:1 323 0339 8
2 210 30 6:1 353 0373 7
3 210 40 8:1 373 0339 9
4 300 20 6:1 373 0.493 6
5 300 30 8:1 323 0.501 5
6 300 40 41 353 0.606 4
7 400 20 8:1 353 0919 2
8 400 30 4:1 373 0.898 3
9 400 40 6:1 323 0.957 1
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Table 6 The average gray incidence of each factor

- 49 X Bk
KF1 K- 2 K3
A 0.350 0.533 0.925 0.574
B 0.584 0.591 0.634 0.050
C 0.614 0.608 0.587 0.028
D 0.599 0.633 0.577 0.056
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Fig. 7 The relationship between the level of each
factor and the average gray correlation
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