a5 E3 M
2018 4F

JEEAE TR AR (A ARBR2RR)
Journal of Beijing University of Chemical Technology ( Natural Science) 2018

Vol.45, No.3

MBRREmITR

= B

akr

ii% *

Bt $7 45 $UL A 14 B Fou il

FRAE A

(dUERHE A2 MU T RE2E0E, Jbat 100083)

B OE. R TR S RS A S T K Y 2 A5 B A S I e AR AR B R R A . N SR A
Jy2 (5 FLAA X HE R BB LR 45 AR 7R 1 2245 o B P R A U 3 BEAT BB ADL | B ADLEE S 45 e i 0 A AR 07
L RAIR A SRS 38 T 25 S AN R P RN A N B R s BE A A2 BT s ) oA K [ R B R s
OMAEEAE R o BEALAS SR AN B R X 245 R DA PR 4 3 7 A B A TS B R R 0 e PR S R A R RE
IR RS SR IB AT 28 U A B P 40 ~ 45 v/min, 5 ) FZEGINRE RN & . A SCUFFEEE 2R 0] o 5 245
A A HL LI AR B B, D 2 A AR R R T i RE PN SR S 5 A

KGRI PTRUANERLE Sy s VI, SRR PERE BT
DOI: 10. 13543/j. bhxbzr. 2018. 03. 005

hEHES . TH6; TP391.9; TQ115

i =7

R AE 81 5847 b 0 P 45 O )32 B 45 & e
DTB BUZE a5 I S8 T AR S b 2
SOMEIREE TCR AL AL BBEARE , D I 2 48 45
o A RRBERE B N 1 TSR AIE B A3 I B
MM H AT SR, AR £ i
20 5 IR AN ZE 5 1 )7 IR0 E Gl r B
JE AR T4 R SN B9 2 A Rk 2 5
R X LT AR 9% ) RCRARMR S

MR GAA T3 %7 (CFD) BUE B RS B 45
v A BT A e © WU T AR ) 2 s )
W EM 2 R, Sha 55 BURF5E B, R 1A B
PRARAS TG fib i B B2 AL AR R, I8 843 15 2,
Je [ SRR SR LA, R, CFD {H A AL
FOARRT LI R WFFE 48 i B v U 2 e AR ] A e
BIERSMA D TR BRI A S
5 K OGN AR SE Y UE T CFD SR 3% 43 A KX
[ P BT ARAS S3A fERfE

BIF S R BB 235 A 2 DTB Y235 i i 1 24
RIZE BT T DTB 725 G 3 ke B 41K

Wk H Y. 2018-01-02

FETH . PSR SEAERL 55 2% (FRF-GF-17-B21)
B B ,1993 i Mtk

*EAFEERA

E-mail ; gmbitwrw@ ustb. edu. cn

S SWORL/INFIBORLAA 28 22 A A 2, 97 KT BB KL
B P TR A AR B T AR 1 2
FLROAR iz B 80 E 25 A T = 4E R g i AT
TE AL, A 400 52 4% b iod R o ) o AR 0 B T
WOTIR A T SIR A, I JORE JE b AR UKL A0 O B
15 mm BYMORL, PEFE T 200 TR BIEHIN K 5
ANTEBL, B T AN TR T 45 6 s TN B R 7 R AT
AR T 55 45 Rl E 25 & Is AT 22 T O PR BE
HE

1 HARLERBENENS TERE

DAKEHT TR0 40 £ 45 it e D WIF ST 0T G, R 45
53 FEERIX A5 b DXORHERE X, 45 il gt 45 280 ]
1R, ghdhas oA T 4R AR B AR
545 s A U T G2 % 2, A 0P 2 e i S e
IR 55 205 i 25 AR TS 4 | T 45 f 3 AS AR 9 L S
WA R T, R BCA HERE O B B AR AL T
SPURATIE R 7, JRR S S e Il g D AR ) R A5
JEE Y JE A MRk L . BEE AR AR R
FHMA T i E AR, BEE PR AR S S A R
Ui ELARAH AR, 45 A as b AT — AR O BT 65 A
R AT AR B S 3 BT, SN RS T AR,
oA B AR

45 b TARRE, Bk 2R A P A 2 101 2k
AR, KR PR e T 8 B HE s A 0 T
[ ) 2 B AT VR R e 2 ) e e L I e I €L



- 28 - A T2 (A RRER)

2018 4F

PN e
A LR
R s

DT

HPRHiH B
ekt

A—RFRIX 3 B—25 X s C—HERHX
Bl 1 Sidhasiiml g
Fig. 1 Model of the crystallizer
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Fig.3  Velocity vector distribution in the liquid
phase flow field
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Fig. 4 Velocity vector distribution in the solid

phase flow field
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Fig. 8 Velocity vector distribution in the liquid
phase flow field
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Fig. 10 Velocity vector graphs and streamlines in the liquid phase flow field at different rotational speeds
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Fig. 11 Velocity vector graphs and streamlines in the solid phase flow field at different rotational speeds
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Fig. 14 Pressure distribution in the flow field at different rotational speeds

1001
9K
98
97
£ 96f
E o5k
R 4r
M 93 —— 60 r/min
92r —e— 50 r/min
91 —A— 45 r/min
90k —¥— 40 r/min
89; —— 30 r/min
PR R O R AU N BN RE
880 1 2 3 4 5 6 7 8 9
NE ey

K15 DEEREAS bR B Y T ) S A
Fig. 15 Typical pressure values at positions along
the circulating route

100010
9.000x10°

AU

HIRBUM K

8.000x10°
7.000¢10°
6.000x10°
5.000x10°
4.000x107
3.000x107
2.000x10°
1.000x107
L717x10

(a) n=60 r/min

(b) n=45 r/min

Z R IEmR PR AL Kot i B
4.4 BEHEEZFREND BT

AN S 1 AR TR S M A B A 1 LY
A7 B 1 AR AR B0 A A i an &l 16 17 fis . R
PEBIAZE FEmT AL, 45 AR 7E 40 ~ 60 v/min F 3 T T
YRR, [ AR REVE & B PR B AR TE B SE B I 20, Bl
PP R A RATG, DA U 17T O 1) PRI A0 B0 X A [
PRIBUR R B /D | IR PR B AR B0 5,67 SAb
AR AR FR 3 B BR8N | 5% 3 4 30 v/ min B 7

PRI 4 .5.6.7.8 15 Ab b [ AR A AL 20 BO(E #5 R
0, NEEFHE G2 B UGN . 24553 40 o/ min B,

]

90
7
7

ok

SRR A R

(¢) n=40 r/min (d) n=30 r/min

Kl 16 AT T [ AR R A

Fig. 16  Solid suspension states at different rotational speeds

PRI R BLEB PR A% b Jr ik 8 S B 1
FREEIREN 10% LA b RIAE A SCRT I 5 0 40 e
BE DY, [ AR RIURE A 45 b 9 BE TR AR R AP 96 R R 1
HAREE R 40 v/min, 5 4.2 35 (0 5 3750 B 45
—3,

5 it

(1) £ IR [ P ( ET42 15 mm ) (94047 T 9
GEH 5 FEE T AT A L A BR AL SR B 1S
BRI 40 t/min, 250 % 18 R FR4E SR I B



%3 4 RS BT ER L

o AT AL S DL B A E Tt -33-.

80
70 ——60 r/min
[ ——50 r/min
60 - —A—45 r/min
N —v—40 r/min
;g 50 - ——30 r/min
XK 40t
B
X% 30+
Z 201
i
10+
0 |
10 | L L L L L L L

W 2
17 PEAEAR T A A AR AR SR A
Fig. 17 Typical solid volume fraction values at
positions along the circulating route
FE, R RIS ER S8 T 88 17 2 U G L 40 11 By
40 ~45 r/min, X 5 ZZ RIS R — 2, A AR
AL,

(2) 445 fhas AR, 25 Ak N iR 7 22 e 32
BLARBAENGIRIX . 5 A 3 Rt BEAH L, S E
T A 30 t/min 60 r/min A5 25 Shas NS R0 8h 5
SRR ZN T LR 3K T At Y S E T G e P I
AT  AF T HRER AR E A7

ASCHYBIFGE T 1 A] s dtas N TR P AR IR 7 1
FARES S IS, S R 25 A 09 A e 4l S PERg
FoUI AL S BRI

Sk

[1] RANE CV, GANGULI A A, KALEKUDITHI E, et al.
CFD simulation and comparison of industrial crystallizers
[J]. The Canadian Journal of Chemical Engineering,
2014, 92(12) . 2138-2156.

[2] w4l dif RO APl RO D], dbat. dest
TR, 2013.

GAO S N. Optimization of crystallization reactor impellers
[D]. Beijing: Beijing University of Chemical Technolo-
gy, 2013. (in Chinese)

[3] miEdy. mtsvotm S]], hTikg
S5, 2010,47(5) :1-4.

FENG L F. Development and proposal of mixing equip-
ment design[ J]. Process Equipment & Piping, 2010, 47
(5): 1-4. (in Chinese)

[4] WUQ, GUO L P, CHEN J X, et al. Process simulation
of anchor stirring in crystallizer[ J]. Advanced Materials
Research, Trans Tech Publications, 2014, 834/835/
836 1548-1552.

(5] Aok, BERERS P Rt i SC B TS [ D], dbat.

e TR, 2010.

LIU X H. Experimental investigation of turbulence char-
acteristics in stirred vessels[ D]. Beijing: Beijing Univer-
sity of Chemical Technology, 2010. (in Chinese)

[6] SHA Z L, PALOSAARI S. Modeling and simulation of
crystal size distribution in imperfectly mixed suspension
crystallization[ J |. Journal of Chemical Engineering of Ja-
pan, 2002, 35(11) . 1188-1195.

[7] SHI X, XIANG Y, WEN L X, et al. CFD analysis of
liquid phase flow in a rotating packed bed reactor[J].
Chemical Engineering Journal, 2013, 228 1040-1049.

[8] WADNERKAR D, UTIKAR R P, TADE M O, et al.
CFD simulation of solid-liquid stirred tanks [ J]. Ad-
vanced Powder Technology, 2012, 23(4) . 445-453.

(9]  EIRMS, FRUE, S, 15 - BHER N IR

9 CFD B[ )], dbstfb TR A4 ( HARFLARR) |
2005, 32(4): 5-9.
WANG Z S, LI L. C, HUANG X B. CFD simulation of
the flow field in the bottom of solid-liquid stirred tank
[J]. Journal of Beijing Univesity of Chemical Technology
(Natural Science) , 2005, 32(4): 5-9. (in Chinese)

[10] ®Ed, v, WIER, % T4 B2 M

HATREIERY CFD RS AR AT ]. L T54R, 2009,
60(3) : 593-600.
WU S X, WANG X K, SHA Z L, et al. Solution of pop-
ulation balance in multiphase flow field for industrial crys-
tallization process [ J]. CIESC Journal, 2009, 60 (3):
593-600. (in Chinese)

(1] Bk, AWz, M. S PIV SORTEN B

TN P[], bR TR 240 ( A AR
“EhR) |, 2002, 29(1) : 6-9.
NIEY Q, BAOY Y, SHI L T. Application of the modi-
fied PIV for measurement of flow field in stirred tank[ J].
Journal of Beijing Univesity of Chemical Technology
('Natural Science) , 2002, 29(1): 6-9. (in Chinese)

[12] AL THRR VP BB ST BE. B0 EE Tl I HLAR 45 5 4
CN201620204469. 1[ P]. 2016-09-14.

China BlueStar Changsha Design and Research Institute.
Mechanical  crystallizer  for potash industry ;
CN201620204469. 1[ P]. 2016-09-14. (in Chinese)

[13] AL-RASHED M, WOJCIK J, PLEWIK R, et al. Multiphase
CFD modeling: fluid dynamics aspects in scale-up of a flu-
idized-bed crystallizer[ J]. Chemical Engineering and Pro-
cessing: Process Intensification, 2013, 63, 7-15.

[14] SCHILLER L, NAUMANN A. Fundamental calculations



-34- A T2 (A RRER) 2018 4E

in gravitational processing [ J]. Zeitschrift des Vereines Deutscher Ingenieure, 1933, 77 318-320.

Simulation of the flow field and performance
prediction for a new crystallizer

LI Zhao WANG WenRui® ZHANG JiaMing

(School of Mechanical Engineering, University of Science & Technology Beijing, Beijing 100083, China)

Abstract: It is very difficult to obtain the flow field form through experimental measurements due to the complexity
of the flow in a mechanical mold and the polymorphism of the drainage basin. The flow field formed by the crystalli-
zation of a potassium salt was simulated using computational fluid dynamics for a new type of crystallizer with vari-
ous stirring speeds. The continuous crystallization process is simplified as a simulation of single crystal suspension
and solid —liquid flow state. Information about the velocity field and streamlines of the solid and fluid, the static
pressure field, and the distribution of the crystals volume fraction were obtained. The simulation results indicated
that the rotational speed has a significant impact on the distribution of the flow field and the crystal volume fraction.
The most economic and reasonable stirring speed in the crystallizer, in accordance with the test results of the manu-
facturer, was found to be 40 —45 r/min. The results lay the foundation for determining the appropriate moter pow-
er, and also provide a reference for predicting the performance of the crystallizer at different speeds.

Key words: new potassium salt crystallizer; flow simulation; stirring speed; performance prediction
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