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Fig.1 Structural diagram of stirred leaching tank
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Fig.2 Schematic diagram of continuous stirred leaching tank
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Fig. 3 Velocity vectors profile on YZ plane of continuous stirred leaching tank
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Fig. 4 Contour plots of solid concentration on YZ plane of continuous stirred leaching tank
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FIH Matlab 205 B B[] 7540 it 26 1) SE 3 A
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(W 2). 3 2 FEIRI A EHRAE SR A T S50 I € {5 A1
PRI R LA ARG, BRI T — e RE R

1.0F = 400 mL/min
= 800 mL/min
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~ 0.6}
=
S8
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]
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Fi RTD i 2% 50
Fig. 5 Influence of inlet rate on RTD curves of solid particles

of continuous stirred leaching tank
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Table 1 Comparison of RTD parameters at different flow
rates
Inlet flow  Theoretical mean Mean . .
. . . Dimensionless
rate/ residence time/  residence .
.1 . ) . variance
(mL-min") min time/min
400 100 101.29 0.2108
800 50 50.24 0.1960
1600 25 24.69 0.1928

KFAE, FEARAEILIELE R FHA R T ERAER N A
R2WLVEH, WEHCEIL BTN, RENE
B0 R HIE R B 0.99 UL E. MEELRES EF,
HE O RO AR R AR S, (ER M SEhRAE
FEREERTE, AR R R A E, XA
2 5 S E A BURLLE RS A (17 245 B B (R ER

A PN R 1) T AR B A A R, S gk L1 &=
WMAFEH MBS . B 6 B NEUE LB AN
[l 3R LU B 25 N 22 4 R GO SR 193 HH A 7E X=0 Jil
TR 1 [ R AR 5 4347 6 L

ME 6 T LUE H, EFEERE R, R
KNFEAREAE W L U HE N R I sh R e . B
CIRE G0, 24l R B S PR HAEAE X=0 il
AT P AR RAE 5 R AR 3 5 2 A a3, AR 8 1
FABARI . S EAE 400 mL/min I, X=0 %l
] 1) fo K FE AR AR AR X B0 10.95%, 1 24 33k 1 B3
JNE] 1600 mL/min B, & A A AR 4 $38 n 21
11.29%.

N T AN RIS DR R A S A ORI/ S
BRIA) R IL,  RFIRH 4 LR IR IA] R 1 264
W2, I 4 UL s ALAR ISR 3 BT B
7 Fi NN R DL R [E R BURL RS Y 4 A IRk
R A A . fIE 7 AT, BEEE D E
Y9 /I, A LT ARG [0 P i A R o ) S o N a3
FEE DI BN 400 mL/min S, 4525 348 U7 AR 1) £ [ K 44
B/

Table 2 Fitting calculations for R*and N under different operating conditions

Inlet flow rate/ Height of overflow

Overflow plate

Fitting determination =~ Number of virtual tanks,

(mL-min ") plate/mm spacing/mm coefficient, R* N
400 190 6 0.9996 4.6996
800 190 6 0.9976 4.9896
1600 190 6 0.9999 5.0438
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Fig. 6 Comparison of solid concentration distribution on YZ plane at different inlet flow rates: (a) 400 mL/min; (b) 800 mL/min;

(¢) 1600 mL/min
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0 1 1 1 1
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Fig. 7 Influence of inlet flow rate on local axial solid concentration profiles on four detection lines in stirred tank: (a) Monitoring
line 1%; (b) Monitoring line 2%; (c) Monitoring line 3*; (d) Monitoring line 4
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V] A UKL PRI FEE LB 2 36 K. DR A B 2 3 11 I
I, ERAEE R PN 50N R G [ AR IO 23 7EAE N R A,
AR LR, SHBRRRZ BESa —E M
PELRRAE R, AT 5 35 A BORLAE 52 Gt SR AR Aok bk
% o MNEAHRORLAE RS P9 R4 BRI 1B] 20 AT o B R A
KRR ST SR EH IR, i R ER
400 mL/min F N &G

23 RS E N B FALR ST R RN
P 9 Fr s it IRUAR e FEE T 22 A8 ER IR SR PR IR H
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Table 3 Schematic table of monitoring lines in axial direction

Monitoring line Point 1 Point 2
1* (0,-0.3, 0) (0,-0.3,0.2)
2 (0,-0.1, 0) (0,-0.1,0.2)
3* (0,0.1, 0) (0,0.1,0.2)
4* (0, 0.3, 0) (0,0.3,0.2)
1.7+
1.6}
l\5“15
G
14+t —— 400 mL/min
—— 800 mL/min /\_
—— 1600 mL/min

1.3 1 1 1
-06 04 -0.2 0 0.2 0.4 0.6
Y/m

B 8 AFEEEHFEFM FEIE X=0 {2577 17 b EAR K
oy A

Fig. 8 Distribution of solid phase concentration at bottom
along radical direction X=0 under condition of different inlet

flow rates

x4 AR FE T RTD 28 AR

il [E 50 RTD 25z . A 9 HrT LG H,
BE & VR EE I T, RTD 2R S 5 ke h, &
HIFE 0=1181T; 4E MRS BN 150 mm B (1) RTD
A EHERHEERE, FEEMBR ST RAN
IR A8, AT TR Hh e ) A0 K BR RAS (1) 425 it
KA FA—, TEIRFII5 . FRI KBRS
LN,

4 B NAS RN R = B2 26 A T RTD S 4 LU
Fo WNRATHLEH, BEEGRRIREERRECN,
WG R A TT ZBE 2 R 25 0.2 43 AR = 4 150
mm B, JCRRA T 28 B E 0.6202, [ FH
LT P 1D ST 350 5 B BsF T 25 BER T 24 45 B I ) 4 0 T
W43 20 mine 3% 5 s AN [FIGE AR & B A 1F T SR
I AH 5 A BT BB UL A PR AF DG BE R T B34S 21 1 R 40
FEEC N NS ] DUE t, B & Vi I AR = FE AL 190 mm
FEAR 2] 150 mm, M2 EL N A 4.6996 J/NE] 1.5153,
XU B A0 SRR AR = FE AN 190 mm PR E] 150 mm,
% R ISR g 2 AN S RS R Ik /D BUAH 2 T 2 8 R G
RT3 X & o

2.4 AR IE] X A AL S 14 R R AR
B 10 Pros gl i p (A BE S 2 18 A RIS S HHR
HAE r [ R ORE RTD RS2 . B A 10 AT H,

1.0+ — 190 mm
= 170 mm

08| = |50 mm
§ 0.6
S8

0.4 H

0.2

0 1 2 3 4
0

%

BB 9 VR IAUAR i FEE T 22 R S A S Y9 R e ] AR
RTD i £& ) 20
Fig. 9 Influence of overflow plate height on RTD curves of

=

solid particles of continuous stirred leaching tank

Table 4 Comparison of RTD parameters at different overflow plate heights

Height of overflow plates/mm

Theoretical mean residence time/min

Mean residence time/min  Dimensionless variance

190 100
170 100
150 100

101.29 0.2108
98.85 0.2614
81.47 0.6202
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Fig. 10 Influence of overflow plate spacing on RTD curves of

solid particles of continuous stirred leaching tank
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FEBL GRS ™ F, K i B A AR B B PO,

£S5 AFEBRMELLE TS HESE R R S5 EMEEH N

DAY P4 ] R SR 5 T 22 438 P B ] 56 im0 #C

6 T HI AN [RIG AR (7] BE 26 AF F RTD S5 L%
Fo MK 6 HRTLIEH, BEA R PRI, 14
PRy [ R A P4 457 R R [0 38 7 s 25 2 % 1) 1 2 45 B 1)
e WA TT % B3, BEAE R RARAIEE 3K,
TERRA T 238 1 25 0.2 5 243 AR 18] FE 4 6 mm
TERRAGTT 2208 0.2108; it AR (A R 1S K F 14 mm
I, TG AL 7 223K Z 0.3252.

F 7 BT A NAN IR B AR e B 2 A S ae e S
B SAE AU A TR DG FE AT 515 20 B RS £ Vo
M 7 AT LLE Y, BEE R RUR A EEM 6 mm 36K 3]
14 mm, FELFEE N M 4.6996 W/NF 3.1302, X kil
B TR (B EE AN 6 mm 34 K3 14 mm K, ZAEEHEL
RO 5 B ERIDR/D BIAH Y T 3 R G, XAEARI T
IyIX 4h

B 11 B A BUE A 2 1A [F) i IR AR 7] BR 2%
T 28 RO S PR WA TE YZ AT b [ AR R
FEAyAxt LLIE . I 11 KR, B T IRRR [ 85 1) 18
K, AE YZ 8T F A B AR o Bt 2 B2 3K 4

Table 5 Fitting calculations for R? and N under different operating conditions

Inlet flow rate/ Height of overflow

Overflow plate

Fitting determination, Number of

(mL-min") plates/mm spacing/mm R virtual tanks, N
400 190 0.9996 4.6996
400 170 0.9947 3.8518
400 150 0.9567 1.5153

&6 AR N RTD S5 LU

Table 6 Comparison of RTD parameters at different overflow plate spacings

Overflow plate Theoretical mean residence Mean residence Dimensionless
spacing/mm time/min time/min variance
6 100 101.29 0.2108
10 100 95.69 0.2831
14 100 93.74 0.3252

R OANFERMEFM TS E R RS EIEH N

Table 7 Fitting calculations for R*and N under different operating conditions

Inlet flow rate/ Height of overflow

Overflow plate

Fitting determination Number of virtual

(mL-min™") plates/mm spacing/mm coefficient, R> tanks, N
400 190 6 0.9996 4.6996
400 150 10 0.9916 3.5999
400 150 14 0.9856 3.1302




2396 T EA O8RS

2020410 A

Volume fraction of phase 2
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Fig. 11 Comparison of solid phase concentration distribution of YZ plane under condition of different overflow plate spaces:

(a) 6 mm; (b) 10 mm; (¢) 14 mm

ERAR AR 6 mm I, AN TE YZ A1 B ER S
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A BUEIE K E 12.43%. X2 BN AR 2 18 /1)
XIRAF AN BIBERE, BG4 X 38, /N 2 X 35,
FEE N RSO R 2 R, 3R A0 IR
AT 52 %o [T AR RTORE 75 R PAY ) 2 R P R R BB [X 28K
REBREAFIH

1) B JEREATT A SR 6 NishX
S, ¥ 5 I HERR AR TR DX SRR <838 JRUAR 8] (4 37 50
RPN o AP PAY ] PARSORE 4 i 17 1 BT 1 20 =
IA, R IR AR R IR 5 AR SR B FRIR Al A 2 ()
NAERH AT AR AR 2 [A) P AN SRR P T 2 72 8 X 3
RAEHERRILR 10 ELAZ X3 [ A A R 1 v A
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Flow field characteristic research in tanks reactor for
leaching scheelite

TANG Zhong-yang, CAO Guo-xiang, LI Jiang-tao, ZHAO Zhong-wei

( School of Metallurgy and Environment, Central South University, Changsha 410083, China)

Abstract: The application of computational fluid dynamic technology (CFD) using three-dimensional numerical
simulation method on the analysis of gypsum particle flow behavior in the tanks reactor for scheelite leaching was
investigated. The influences of inlet flow rate, height and spacing of overflow plates on the partition effect of tanks
reactor was studied. A set of five stirred tanks reactor(size of single tank: 200 mm X200 mm X310 mm) was used as an
example to simulate the flow field characteristics in the vessel. The results show that the particles gradually accumulated
in between adjacent overflow plates due to non-effective mixing. With inlet flow rate and the height of overflow plate
increasing and overflow plate spacing decreasing, the continuity and uniformity of fluid flow are improve significantly.
Under the experiment conditions of inlet feed rate 400 mL/min, height of the overflow plate 190 mm, spacing between
overflow plates 6 mm, the calculated virtual cell number N of is close to the actual tanks number 5, the dimensionless
variance is 0.2108, and the tanks reactor has better performance with idealized partitioning effect. This research can
provide theoretical basis and guidance for the optimization design and enlargement test of the stirred tank for scheelite
leaching in sulfuric-phosphorous mixed acid.

Key words: tanks reactor; particle suspension; computational fluid dynamics (CFD); residence time distribution (RTD);

non-ideal flow mode
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