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Flow characteristics analysis and fluid distribution simulation

for ion exchange column using CFD method
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Abstract ;: Based on the numerical simulation method on computational
{luid dynamics (Computational {luid dynamics, CFD), and using ani-
on exchange resin (717) as internal chromatography media, the fluid
distribution and flow resistance characteristics in ion exchange col-
umn were studied respectively. For the convenience of simulation,
water was selected as feed liquid, at the flow rate of 3 m®/h, ap-
peared laminar flow state in the exchange column. On the assump-
tion that the fluid uniform premise, the flow resistance characteris-
tics for the column ion exchange resin filler was simulated by the
two-dimensional porous media model, and the effects of the exchange
column of fluid pressure drop on different working conditions and
structure. Taking the ion exchange column head distributor as the
research object, the fluid distribution of the chromatography column

was simulated. According to the simulation results, distributor con-
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figuration was improved to achieve a uniform distribution of fluid to
some extent, which could offer system supporter for the next system
building and simulation, and further provide theoretical foundation
and model support for structure optimization and engineering en-
largement for the design of new ion exchange column.

Keywords: ion exchange column; f{low resistance characteristics;

flow distribution;numerieal simulation
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Figure 1 Diagram of two-dimensional porous medium

model for Ion exchange column

A SCHRL7 4%, 918 7 AC 3 IR (717) 1 kL A2 10 Bl
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Table 1 Chromatography medium has or not effect on the pressure drop
HAEBENAR  HE/mm HAE/mm  HE/(m® e h™D)  FE#/(me s JE R/ Pa
H 4 500 1 000 3 1.061X10° 3279.3105
J 4 500 1 000 3 1.061X10° 5.457 3X10 4
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Table 2 Influence of flow rate on the pressure
mEE/ HAR/ k=4 it/ JERE/
mm mm (m®«h 1) (me+s 1) Pa
4 500 1 000 2.6 9.20X10* 3279.310 5
4 500 1 000 2.7 9.55X 10 * 3407.442 1
4 500 1 000 2.8 9.90X10 4 3535.719 0
4 500 1 000 2.9 1.03X103 3 664,146 7
4 500 1 000 3.0 1.06X10°° 3792.722 9
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Table 3 Influence of height of the column on the pressure
it/ it L/ HE/ R/ FERE/
(m® « h™1) (me+h1) mm mm Pa
3 1.061X10 3 1 000 4 500 3792.723
3 1.061X103 1 000 4 000 3 371.312
3 1.061X103 1 000 3 500 2 949. 888
3 1.061X10% 1 000 3 000 2 528.484
3 1.061 X103 1 000 2 500 2 106. 291
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Table 4 Influence of column diameter on the pressure _ N B X o
drop of the exchange PR TRIR TS N — B 5 0 B R R S b A AE 0 A AN 2
A I 500 J2 BT B 2 e W A R
Widk/ i / "R/ EE/ FERE/ FASHRAE B S oA A AT AL BN I BT 2 B R LR A
(m®+«h™ 1) (mes b mm mm Pa O kU /m L EEEW, KPP ADEHRZ 40 mm,
3.00 1.061X107% 1000 4500  3792.723 HLER 1000 mm, il 0 HA 152 3 &, KA
20 mm, HIAZ S HOLE 2, 46 RIS %M. B
B8O LOBIA0TE LS00 79z 7 JH FLUENT PR 545 53 e % 10 3 10 A B30 47 BUDLBE 5¢
6.75 1.061Xx10°° 1500 4500 3792.723 IR S BHE . W T RIR T E S BAE M, AR 2 R &
12.00 1.061X10° 2 000 4 500 3792.723 i 22 A 712 (4D
18.75 1.061X103 2 500 4500 3792.723 a(i):%_f““ 4D
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Table 5 The influence on the pressure of the average voidage for the exchange resin
RAE/mm A BE/ % BiE#/m? KPERRL ) 280/ m 2 R R/ m ! FE B/ Pa
0.8 42 9.396 8 X100 1 064 190 5570. 00 34 249. 811 5 182.967
0.8 43 1.044 1107 957 757 650. 30 31 365.163 4 665.972
0.8 44 1.158 9X10°? 862 838 091. 70 28 761. 270 4 204. 820
0.8 45 1.285 3X10°7 778 034 979. 40 26 406. 036 3792.723
0.8 46 1.424 2X107° 702 142 578. 30 24 271.595 3 423.905
0.8 52 2.603 9X107 384 046 426. 90 14 935. 139 1 876.946
0.8 58 4,719 3X107° 211 897 525. 50 9 417,668 1 038. 580
0.8 64 8.630 3 X107 115 871 429. 40 6 008. 148 570. 094
0.8 70 1.626 1X10°8 61 497 813. 41 3 826.531 304. 185
0.8 76 3.251 7X10°8 30 753 389.71 2 391.930 153. 324
R6 TWMMETEHILEERNII
Table 6 The influence on the pressure of the exchange average pore resin
R/ mm WERE/ % BiE %/ m? HiPERR T R %0/ m 2 BRI R/ m ! FEFE/Pa
0.3 45 1.807 41010 5532 693 187.0 70 416.095 26 673.93
0.4 45 3.213 2X1071° 3112 139 918.0 52 812.071 15 037. 47
0.5 45 5.020 7X1071° 1991 769 547.0 42 249. 657 9 645. 35
0.6 45 7.229 8X1071° 1383 173 297.0 35 208. 048 6 712.99
0.7 45 9.840 51010 1016 208 953.0 30 178. 326 4 942. 89
0.8 45 1.285 3X10°? 778 034 979. 4 26 406. 036 3792.72
0.9 45 1.626 7X10° 614 743 687.4 23 472.032 3 003. 33
1.0 45 2.008 31077 497 942 386.8 21 124. 829 2 438,04
1.1 45 2.430 0X107° 411 522 633.7 19 204. 386 2 019.32
1.2 45 2.891 91077 345 793 324. 2 17 604. 024 1 700. 50
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Figure 2 Schematic diagram of the upper head distributor
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Figure 3 The outlet flow distribution of the upper

head distributor
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Figure 4 Diagram of the upper head distributor model

after transformation
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Figure 5 The outlet flow distribution of the upper head

distributor after transformation

BEXS B F 2 ke Y L3Sk A g BT B A P RHIR
P ARG B0 JE 48 T 25 M itk 2 . A AR 98 & B, 40
s oo i DR AR B> HAar s, ek
53 A i A5 KA AT R A L B — P AR 5 R A A AR R
RO ATAT BN T A KRR o e O 48 A 3 & AR fE I 22 STD
JFSk 1 108, 332 1 F& % 14. 326 9,
4R
AT BT R BE — B - 22 4 A P19 3 PR AR I R I AR A A
BEAT T BUE R . ol A8 4 A A BEL e i A 50 R AL 4 A 5
G AF BT S5 DL T 2 AL A R AR I X S T3S e e
B N SR A 36 BELRE PR R AT 23 BT, DU T 2 0T A B A 3 L 3C
HE e BE AN B AR L 34 )R ST 389 25 B % T H4 RE AR 45 5 00 38
e AT PRI R R R 1 52 Wi BSCHE L R e 3 i B X L 06 &5
HEAT T 5000, A4 T 78 [F] — 85 F 38 # b N PR I 5 ) V00 3
FEm 2R GERIZR M) X R M 7E M R E ST 5T
o A B AR X R B AN 7 A AT 5 0 X TR — B A 4 A B
(F#% 193 T
77



F3HEIH

TR R A U DR R R R Z W T2

HPEEAE S 2 B P15 0 68. 27 mg/10 g, 153 T HIB{EH
99 %6, Ut B SR FH o 37 THT 92 010 Ak B2 B T 2048 B B0 SR A S B0 5
2.2.4 MBI SEGEREEMILE miEk 4T
0 55 B B v 1 0 B T 8 7 2 7 oK (LR
52,48 mig/10 . T HR7 A0 00 UK 52 B £ 7 2 0
MRENERERERREL 23%, 0 H KK E T #
A
£ ARGENFREEBEOHM
Table 4 The effects different extraction methods on the

yield of wild osmanthus-scented honey (n=3)

WA R B REGR
BE/% (m 2 V) [A]/min  BE/C

R/
(107 'mg+ g™

BAEAER 62 1 : 10 21 54 68. 27
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