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Solution of population balance in multiphase flow field

for industrial crystallization process
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(Tianjin Key Laboratory o f Marine Resource & Chemistry, Tianjin University of
Science & Technology, Tianjin 300457, China)

Abstract: A method for solving the population balance equation coupled with multiphase flow field was
developed for a steady crystallization process by considering nucleation rate and crystal growth rate. A
simulation model with computational fluid dynamics (CFD) method was established for the industrial
crystallization process. In this method, the different sizes of crystals were considered as the different
dispersed phases. The relationship between mass balance and population balance was built by discretizing
the population equation into different size groups with the finite volume method. By using this model in
commercial software of ANSYS CFD, the crystallization process of potassium chloride in the draft tube
baffle (DTB) crystallizer was simulated, then the flow fields and the volume fraction distributions of
different dispersed phases were obtained. The simulation results were compared with experimental result. It
was demonstrated that the modeling in this work can reasonably predict the flow fields and the volume

fraction distributions of different dispersed phases in the industrial crystallization process.
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BOE AR AT LR IR

n; Mt n; ni—
dng 2 2 .
B = = cer, ]
s T (i=1,2,+,N) (10

Bl 10y Al A (9. 153 2R B AL Ky 53 07
2 A PR 150

n; + 1 7”;“‘”;—1 n; + niy 771;“‘”;»1
2 2 _,_ 2 2
AL g AL

Snﬁl =—G

(i=1.2..Np

h o SRR T RE I SR AR . BRI 22

G i 2 M A2 ) BP0 PR Z 0 4% A TR o O ) T A

RSE o AN B R 80 ATl 2 JROST By A o %
By AR A G iR E

B,
G
U SR A IR R RO T R P B AR R
R o DU g R R 2 45 ) B G A O ) T 6 5
ATPME B %, Bl nL =0,

XPRFAE RSO Ly B A 0RE . R B0
HAE Z AL T R B0 RO 56 R AT s

Vsi

T kL, AL
Kbk R ERBIER R B A3 R
AR (9, FIPIARLL kL, AL, » 135

J < :
j(r'g,‘{)rg, )+ V. (r/g,'[(),g,’U/g,') = &Wk\,L;, ALp,g,

(11

(12>

ny —

(13)

Ngi

(i=1,2,+,N,) (14)
et (6) 50 (). WlRm Iy # oy Al — 4%
FERSE S W2 WOk 1 % 2k 7 B 2C (6) [ s L AT
RN
S = Sypik Ly ALps =
e ot ne
2 2
AL
B A] D 0 RO 1 32 e P 5 R R R Sy s B A
T RER IR . & A ) RO 0 % 25 1 7 7 1Y)
T IGTRT ph A B8 B3 5 AR v A e A T R 1 A A i
AT T SE BUR R 5 07 R S T R AR S
1.3 ZERINFRBRERIBRNREER
W ERTA, SIS SIS R T R Z A S kL

G (15)

k v L,;, AL[O,G,

BT R R SR, A B R R A R
RS, WAL S Bme. K,
FERBZE RN, BT SMHmARNRA AN, AR
ROT AR B RS AT, TE B — 2 1 v B2 4 A
T B0 AR 4 A T AR B B R 5 A
MR T R AR, R AR S SR A AR TR
VB 1 i A A 3 R R AN e A ] R
s S 1140 S AC  38SIE V R e R BE Y RS TE 4G b
fras Al BT R B 5 A R R B AT DL el X
(16) Fik

G, = k. Ac! (16)
Horp, Ac; FoRzs BT BL N M i A
IR T B TT PN A TV E R IV B TV MY
WFIEE, Ac=c—c" . TEREFKMT, LS4 NE
FEFE—E WTRLBE A0 A s DR GV VR A HR R VAR B o v
A YR D R R T A I TR ) R SR VS R Ak T
P T b A 1 Jm S A A 48 0 T I A R Y 3R T
Lo A R 118 S R 23 AR T 3 VI SR W Ao A R
T 32 2 60 SO T 0 V1) Jmy PRk 3 . X — B A Y
SV 5% ZR 30 AL VSR A AR T 7 O e A S A . AT
FH WA S O A vk B T R R

dc

—+V (U = S.
at

PRI S 3R 73 1% S AH R 43 T (9 BT 6 % 3 i %8, L
SR T it A B B AR A o A 1 R T AR

7 1&gl DI — s [ R o, M4k it
FRAL FARAS I 1A A A0 K008 B2 4 A1 2 A B B[]
AR PRI B AR R N R AR ROST i 4 1 > 5] AR
PR B T o AT T B AR A . N mp AL AT AT 3R
HAZRRAE R R ) B3R T AR ny ALR L, . Horp
ko O R TR AR R B SR B AR AR B K R ]
B (16) TH8E . IRAZFRAE KT df A i A4 RS T
A ny ALR LG, o G, 375 5 AR 5% 7% 51 5
A B4 J5T B 2 32 3 48 Sy 4 T A 1 BT A G I R 2
A1, Bp

S. =— D nuALE,L,Gyoy (i =1,2,-+,N,) (18)

Hig. X A7) "5 A5 05 f — R .
AT AR A 45 it i PRI 9B o O A o i o A A

17



55 3 31

WEEE: T4 fhid B0 2 SR 88 509 CFD #5 5K i « 597 -

{017 | FI i TR D= T K NI i 5 R iU = < S 7
AR,

TESS bl R b, T80 VAR 22 18] 1 A7 7E BT 1 T 4
TOORE P J5 o i /L 3 3 N7 S5 T [ A A J5 0 e R
D M TE HE AT 128 Sh i S W B RE v s WA 2 2 7
FERIRH

D rp)+ T+ (rp U = S, 19

SRVSEST LB OR 8 SR & RS Tk NIOK (09 S|
HT A AR R R L NS T T A HORH A D
BTN AR A B T DR A A% B [ A Y AR
B R A8 AT A A ) 3 8 R R

S, =— D nu ALE,L.G 04

1E CFD BB T . A b3 B8 i 07 R 6 4 SR A »
FIAFENSE G AR NS AR . S RIRE L R 2
fi AL S HE .

2 B AIRIL

2.1 &N

B E PRI AER BE . K B R B R i ATE
ANSYS 10 1yl CFD #F E, Jf 2L 10 LARBL
DTB 45 g8 M FEal, % KCI-H, O 1k & i 45 & 3 72
HEATRLRL . S SR A . B 0.25 m. HAZ
0.235 m, B SFWAM 0.105 m, FHE
0.136 m; #FEEM 3 4, FHMA 457, £ 0.06
m, F§0.02 m; WFEH AL F 45 &S0, B2
0.01 mj HURE AL T 45 @ 28 IS L, B2 0.01
m; SRR 4 ADPYITARTEEE R 0. 02 m. W E
MRS, R 107° Pa - s, % 1000 kg »
m ., RE RSO, B 1980 kg e m L,
WD TR R, BB 5 A S IARRAE R F, R
TE S AU . 2 S B RO S A
WECRRR Ok IR AR R . O RIARTTOE, (RUSS A
PUVRCFE TR 5 B0 o 20 10 1 o T AR R R AE 25 28 L
W [0 [y 45 b e (AR BE /e R A 9 3 R 4 UL 4
AL FE . FEAS T R AR PRGOS FR IR LT . AR
PUrba] DL Z 0 RE R R . X R B AR 2 A R
ARARK WA REBIFHRE T . Fr kiR
AR XK R0 I 1 A5 AR 1 A
A, BN 5 R AR R R 5 1% YR S U 3]
ACHH 1) J0T AL 33 R G, BRI 2 A N T
W 20°C, M DGR B 26 C . PRI
SRR O AR AT A L DRI R VR R B R R

(i=1,2,-,N,) (20

26 C Iy KCI A6 F1w W i v Bl DL BRI v i i 3
TLFNE o A ADL R Tl 1 A ) B B G BB 0 R B
HA i FvgR g ¢ 342 kg » m™7,
L
G =2.32X107°(Ac/c* )™
R
B =4.65X10%G" " My V™
BB Y AL A 1 s ), A s ) o
0, HALZS BRI BE WL 1.
x1 EHMSHIEE

Table 1 Simulation parameters setup

Phase Parameter Value
continuity phase concentration/kg ¢« m™? 343
volume fraction 0.9924
inlet concentration/kg « m—? 360
inlet velocity/m ¢ s~! 0.5

dispersed phase diameter(volume fraction)/mm (. 08(0.0007)

0. 24(0. 0047)

0.40(0.0019)
0.56(0.0002)
0.72(0.0001)

AACP B ZE G 8l 12 BT IZ IS . A S ]
(1) 2 & 3 ) 24 AL AR B Qian 5507 i BF 5 45 SR AE
AR SRR 2 00 i o B8 45 2 1 118 B T AR A%
HCRBER o, My O iR B, R
AL AR BRVE WA A IURE A 5 . R 8 R B ROR
AR B RPN L I TR] A RS A Y RO

O (A UL P WA S0 JBE B B ADL I R R 45 A
PN FR) A0 kR T2 3 A P 8 S SRR G0 S B AR 7 R
Or Ao AR R SE R AR R AT A . AR
MSMPR #5 BI fl 3 5 o 1 L B 43 A . 52 B A6
P R A B . e T5 1B BRI IG 25 A . AT A B 5L
br (o Wi S G
2.2 BUERGWE

T 3 A G DL 45 i B AN 2% 1 e T 8 07
Ik ftd AR AL . FEBEHEE A 600 r + min
R ALL A JROAH L 30 B B 4 35 XS R B R LI 2.
FA R 50 B ) 30 5 55 T0AR 3 0 ok o 2 AN [
b FCARXE AR AT AR, . PRI 3 BLA 3 A A IR 4
CIEI e £l 3 IDZT AP v £ B RS R - 2
S VA K T A AR ER . fEAS AR . TR
AOPEERE DU S . X SR WITESS 4 WA 2B TR &
SR

AEEADL T AR A (9 AN [R) IR A 54 1 R 20 50 A



+ 598 -

it 60 &

water velocity/m-s1
r 2.50 =

&2 WA 3 43 A 1 DL
Fig. 2 Velocity distributions of liquid phases

3 s PR B o3 A ml R DAy T A 8 i 2 32 AR

Bm AT . WK 3 A BB AE 1, TE45 & /)
I TR NEE N I E 2 S R NI ' NG
A VR 0 PR FR A3 B 45 b AR IR L B, AR IR
X L AP Sl o O T S B TR R B A A
BEMIZRAE . T 45 it e E 19 7K P T 1 8 T 285 B8 0 A
TG00 UL 4, 45 S N A0 25 5 09 43 A 00 5 3 1
FIRE 16 3 A7 1 0 LA AE OG o JETTT 52 M 45 L R
45 fh A PN 3 AR B A3 A DR T A S R AR R

WL, RL RN EE S A O ARSI A LR 5. A
PRSI LU o 76 WORE DX H A A R 458 e 9 4 1

R, JIf H ARG & an L BB o i &8 0% o i F0 B 2,
R T ESS S A R ISR 20 S AR SURL . DT
o R T A R
2.3 LI

SCH BT 45 A A5 R LA L. S ST

FERGELLS NG . 45 B R e 4 4R 8 R
BEy 20°C, WROBHE 26CE<J KCLEME R . H il
fmaa/? L AR RORL B R SRR RS, SR g Lkis

T8 A I A B AL S . DA ORE B ECRE, T LS
13320 AU KL FE J3 A7 A% it A RE B2 43 A 1 4T 43
Bro R 7 S AT Ml LS00 R R A SR, SRR 4y
AT B 53 Bt 45 AR i A 400 23 i RO A AT R

volume fraction

-8.00x107*
6.00x107*
4.00X107*
2.00<107

(a) crystal size 0. 08 mm

volume fraction
2.50X107

1.87X107*
1.25x107°
6.25x107*

-0

(b) crystal size 0. 40 mm

volume fraction
-1.40 X104 < =11

1.05X107™
7.00X107°
3.50x107°
-0

(¢) crystal size 0. 72 mm
B3 AR RST i A i A B 0 5043 A1 1 L
Fig. 3 Volume fraction distributions of

different size crystals

181

16 1
141

Mr/kg.-m™

10

0 0.05 0.10 0.15 020 025  0.30
distance to bottom/m

LA TGS St g BE 1 TR BT 24 800 o 8 A AR g 0
Fig. 4 Variation of area average suspension

density along height of crystallizer

B SRR AL S AR EE A i 6 R . i
Al VR TESS b 2 WA I 58 2 B 50 40 A . B 45 R 53
SZ 7 i HEBR B AR SR A (product) FIZS
PN TR EE A A Caverage) , [ & 6 AL 014



55 3 31

E R Tk &5 Sl 7 0 2 M-SR B 5 CFD f84 K

+ 599 -

supersaturation/kg-m-3

120107
9.00X1073
6.00X1073
3.00X107

-0

-1.20X1072

9.00X1073

P52 s PN A a4 R 23 A 1 2

Fig. 5 Supersaturation distribution in crystallizer

0.6

05t & experimental
8 A product
= 047
= m average
8 03}
31
o
E 02+
g

0.1F

0 02 0.4 0.6 038

particle size/mm

Bl 6 AR B S A 17 Dl

Fig. 6 Variation of crystal size distribution

LR SR A R A B — B . ABEIAR B B 7
sty L B 70 A1 N2 b i P9 1 358 BE O3 A B 4 2R R W
B 45 At RO A S IR A B A Rl . A
PR 0 58 2 IR B TR S8 IR 5wl FEBR LY Iy
T B BLAIRAS AT A — B Tl 45 i ol A 1 52 s
B0, PRI IR Y n] LU DR B A Tl 285 b 4w

3 % %

AR SCHE ST 1 OB 5 07 R A0 20 AL 5 R AR
SRIFTT I TERLE 507 B P 5 08 T e R K 3
A I B2 18 R AR A ok B 8 D R N AR
PF o BT L4 i R S BORLIEE A AR ALLAS
RELTARBA B —BE, W T EAA

RIGIER AT, RIS S H. RZ
TR AT CFD #540. BEWS 45 5 B R 25 2R,
HA —En TR,

# 5 i B

By—0 RO @R BAZ A, m? » 7!

c— IR E . kgem™’
¢ WA, kg e m™*
Ac BRGNS, kg m

d— iR PRI, m

G— MK ER, mes™!

G— 70 j WA K #E A, me. s
ky——2 (16) 1 A R R AL
Lg— %5 i A IRRTFE RS, m

AL A R RS 40 (BT PR B2 B2 . m
My BRI RTEEE, kgem?®

N, — 7 B 8 H
0 ROF SRR RO . m™
S, KB B T FRAIEI, m s

No

U— i, mes !
Vi— PR M DmE ), me s
TR
a 5
B sy

i AR R T4

i
References

[1] Sha Z, Palosaari S. Modeling and simulation of crystal size
distribution in imperfectly mixed suspension crystallization.
Journal of Chemical Engineering of Japan, 2002, 35
(11). 1188-1195

[2] Wei H , Garside J. Application of CFD modeling to
precipitation systems.  Trans.  IChemE, 1997, 175.
219-227

[3]  Marchisio D L, Barresi A A. CFD simulation of mixing and
reaction: the relevance of the micro-mixing model.
Chemical Engineering Science, 2003, 58. 3579-3587

[4]  Jaworski Z, Nienow A W. CFD simulation of continuous
precipitation of barium sulphate in a stirred tank. Chemical
Engineering Journal, 2003, 91: 167-174

[5] Wei H, Zhou W, Garside J. Computational fluid dynamics
modeling of the precipitation process in a semi-batch
crystallizer. Ind. Eng. Res. , 2001, 40. 5525-5261

[6] Wang L, Fox R O. Application of in situ adaptive
tabulation to CFD simulation of nano-crystal formation by
reactive precipitation.  Chemical FEngineering Science ,
2003, 58. 4387-4401

[7]  Vieum L, Ottinger S, Mazzotti M, Makowski L., Baldyga

J. Multi-scale modeling of a reactive mixing process in a



600 - b

T % i

% 60 &

(8]

[9]

[10]

[11]

[12]

semibatch stirred tank. Chemical Engineering Science ,
2004, 59. 1767-1781

Yang G, Louhi-kultanen M, Kallas J. The CFD simulation
of programmed batch cooling crystallization. Chemical
Engineering Translations, 2002, 1. 83-88

Hounslow M J, Ryall R L, Marshall V R. A discretized
growth, and
aggregation. AIChE Journal, 1988, 34 (11). 1821-1832
Hounslow M J.

population  balance  for  nucleation,
A discretized population balance for
continuous systems at steady state. AICRE Journal, 1990,
36 (1): 106-116

Lo S. Application of population balance to CFD modeling of
bubbly flows wia the MUSIG model [R]. UK. AEAT-
1096, CFX international, AEA Technology, 1998

Wilcox D C. Turbulence Modeling for CFD. CA. DCW
Industries, 2000: 314

[13]

[14]

[15]

[16]

(171

Schiller L. Naumann A. Fundamental calculations in
gravitational processing. Zeitschrift des Vereines Deutscher
Ingenieure, 1933, 77:. 318-320

Versteeg H K,
Computational Fluid Dynamics: The
Method. New York: John Wiley & Sons Inc. s 1995: 71
Randolph A D,

Malalasekeraw.  An Introduction to

Finite Volume
Larson M A. Theory of Particulate

Processes: Analysis and Techniques of Continuous

Crystallization. 2nd ed. Academic Press,
Inc. . 1988

Ding Xuhuai (T %5 #£), Tan Qiu (iR #).
Crystallization ( T. Mk &5 §).
Press, 1985: 18-19

Qian R 'Y, Fang X S, Wang Z K. Supersaturation and

Ind. Eng.

San Diego
Industry

Beijing: Chemical Industry

crystallization kinetics of potassium chloride.

Chem. Res. ., 1989, 28. 844-850



