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Fig. 1 Schematic diagram of experimental setup
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Fig.2 Schematic diagram of impellers
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Fig. 3 Schematic diagram of unstructured grid
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Fig. 4 Grid-independent verification
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Fig. 5 Comparison of experimental and simulated values of rotational power and negative pressure generated by

four types impellers at different rotational speeds
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Fig. 6 Comparison of simulated values of rotational
power consumption and negative pressure generated

by four types impellers at different rotational speeds
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Table 1 Comparison of performance parameters of mixing tanks with four types of impellers at rotational speed of 350 r/min

3270 P/W »/Pa JFl’J{%z‘dJﬁEFE%HE It B?b(ﬁﬁz‘ﬂﬁ%&ﬁﬂ(i ﬁrm EREding ]
€./ (m? « s %) e/ (m? ¢ s %) Q/(m® « s 1) t/s
LI BPY 9.85 —2 371 0.121 5.79 0.008 4 39
HFFH BWY 8. 65 —2 436 0. 106 4. 96 0. 006 9 47
=L BPY 8.97 —2 570 0.108 6.45 0.007 3 44
A= BWY 8.35 —2 704 0.099 5.98 0.006 2 52
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Fig.7 Comparison of speed vector diagrams of four types impellers at rotational speed of 350 r/min
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Fig. 8 Comparison of velocity contours of four types impellers at rotational speed of 350 r/min
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Fig. 9 Comparison of negative pressure cloud images of longitudinal sections of

mixing tank of four types impellers at rotational speed of 350 r/min
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Table 2 Specific working conditions and structural dimensions of closed BPY
Tk ot Bz EAUNAE S BN A E =R E UL B R e R W O E AR
D) /mm b1 /mm D, /mm [, /mm hs/mm D;/mm
T4 1 108 13.5 54 27 15 54
TH 2 144 18 72 36 15 72
T8 3 180 22.5 90 45 15 90
T4 144 28.8 72 36 15 72
TH 5 144 36 72 36 15 72
T4 6 144 18 48 36 15 72
TH7 144 18 144 36 15 72
T4 8 144 18 72 36.7 15 72
TH 9 144 18 72 42.16 15 72
T4 10 144 18 72 36 45 72
TAH 11 144 18 72 36 75 72
I 12 144 18 72 36 15 48
T4 13 144 18 72 36 15 96
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Fig. 11 Variation of power consumption and
negative pressure with rotational speed at

different impeller diameters
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Fig. 12 Variation of negative pressure and discharge
flow rate with power consumption per unit

volume at different impeller diameters
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Fig. 13  Variation of power consumption and negative pressure

with rotational speed at different inner ring diameters
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Fig. 14 Variation of negative pressure and discharge
flow rate with power consumption per unit volume

at different inner ring diameters

Hi 14 A TR B A B R AT
PR AL B AR BN 7 A B BT R (E HE )
LW [ B 07 (A B D) 3T /N 1) 1 B0 T
FL B AR BE 7 A TR Y TR ROR L (H HE R AT RE 32 R

il 5 17 3 224 394 K (5 B P FL B A% D) AT 8 o (H 2
REARTE P . X T B2 O FE MR T % T,
U/ IS B B PN FL AR DRI RE SRR AR B PR i
S 3 ok (5 A AT O O A R AR P B B 4
T, KR A AR 53 ) I EE i AT L dl g AR L {H e
4 HE H O 23 A
3.6.3 EMITK AN

3 AR CTAL 2, T 8. T.00 9) -t 4k
T A I ) SR B B ) AR fR T B 15 T 7R SR
PEARFRD)F T A 1 U S HE R R 16 i

H 15 &t : B 28 i o 3 R, i b 7 A 1Y
Iy 38 32 T 08/ 5 i P S K, A Ak e 5% T R R
ALK KT 36 mm B, BV B A8 Sy 25 0,
Pt HY 7 A 1 B B O it S 38 K RIS b
B B A R AR AR,

0
150 200 250 300 350
N/(r * min~")

B 15 AESIHCERMH =TI EM
AIERE R TN
Fig. 15 Variation of power consumption and
generated negative pressure with rotational

speed at different blade arc lengths
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Fig. 17 Variation of power consumption and
generated negative pressure with rotational
speed at different suction port diameters
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speed at different impeller widths
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Fig. 22 Variation of negative pressure and discharge
flow rate with power consumption per unit

volume at different impeller widths
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Performance of Rare Earth Extraction Mixing Tanks with Different Impeller Configurations
YE Zhicai"'? ,XIE Minghui’, XIANG Jiawei' , WU Liang®’ , SANG Xiaoyun®,

LI Zhiguo® ,ZHANG Qinghua', YANG Chao'
(1. College of Mechanical and Electrical Engineering sWenzhou University sWenzhou 325035,China;
2. Zhejiang Greatwall Mizxers Co. ,Ltd. sWenzhou 325019,China;
3. China Northern Rare Earth (Group) High-Tech Co. ,Ltd. sBaotou 014060,China;
4. CAS Key Laboratory of Green Process and Engineering ,Institute of Process Engineering ,
Chinese Academy of Sciences,Beijing 100190,China)

Abstract: The design and optimization of extraction mixing tank is one of the key factors affecting the
extraction efficiency of rare earth. The mixing performance of semi-open curved-blade disc-type
stirring impeller ( semi-open BWY ), semi-open straight-blade disc-type stirring impeller ( semi-open
BPY).closed curved-blade disc-type stirring impeller (closed BWY) and closed straight-blade disc-
type stirring impeller(closed BPY) paddle in the mixing tank was studied by experiment and numerical
simulation. The negative pressure, power,discharge flow rate and flow field distribution generated by
the four types of impellers at different rotational speeds were investigated. Taking closed BPY as an
example, the six parameters of blade diameter, blade width, blade arc length, inner ring diameter,
suction port diameter of the mixing tank,and the height between the blade and the suction port were
analyzed in detail. The correlation equations of negative pressure, power number, turbulent kinetic
energy dissipation rate and displacement number were established. The results show that under the
same power conditions,reducing the blade diameter,inner ring diameter, suction port diameter, height
between the blade and the suction port and blade width,as well as increasing the blade arc length,can
enhance the mixing suction capacity,but it can reduce the blade displacement.

Key words: rare earth; extraction; mixing tank; impeller; negative pressure; numerical simulation;

correlation





