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CFD simulation of carbon dioxide in flue gas with monoethanolamine
in structured packing

CHEN Lichun, ZHA Xiaoxiong

(Shenzhen Graduate School, Harbin Institute of Technology, Shenzhen 518055, Guangdong, China)

Abstract: The method of computational fluid dynamics ( CFD) containing reactive mass transfer is adopted to
simulate the process of carbon dioxide capture from flue gases with MEA in structured packing. The simulation of
complex flows with second order reaction of CO, with MEA is built in representative elementary units (REU) of
structured packed column. Various operating conditions including ratio of gas inlet flow to liquid inlet flow, CO,
inlet mass fraction, MEA mole fraction and pressure on CO, capture process are examined. The absorption
efficiency increases with the addition of MEA concentration and operating pressure, but decreases with CO,
concentration and gas-liquid flow ratio. The influences of different factors on the absorption are ordered as MEA
mole fraction, CO, mass fraction, ratio of gas inlet flow to liquid inlet flow and pressure. The CFD results of CO,
absorption rate at different operating parameters are consistent with the reported ones, and the optimal parameters
are got.
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Tab.2  The physical property of main materials

o R/ HLAZE/ SRR g/ JEE IR S5 R/ bRk /
Zi
(kg -m™) (J-(kg-K)™") (W-(m-K)™") (kg-(m-s)™") (kg - kmol™) (J - kmol™)
MEA 1.012 6x10° 2.824 9x10° 0.237 581 1.508 0x102 61.083 7 -2.067 0x10%
MEAH* 4.680 0x10? 3.349 9x10? 0.156 314 1.770 0x107° 62.091 1 -3.344 2x10%
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2
1157 m [Sluion Cco, accoz
o, . a2 - . T Tco,
1.0 oy ot ’
105} T RN AR AR, 2R N, HARE 3
2 1007 PR B G, R RS EH A LR
= 95} B
9.0f L
A _ CrEA 4DC02 ?
8.5¢ L, CO, — 1+ .
00 2Ccoz, i o,
28 29 30 3.1 32 33 34 35 FHE T R B AR IR S,

10°/T
2 RMEXRSRENFEFHENE

Fig.2 Semi-log fitting of reacting rate vs. temperature
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Fig.9 CO, absorptivity versus ratio of gas-liquid flow
2.2.4  FRIEJRIER

R AT RS CO, W WSO (4 52 Ml AN 0
5if, AL B AR AR 2 250 m*/h
PR 3x10* L/h S CO, BT 73 B0 14% | L
HEEE IR 73 KR 5% ARARIRE 300 K, Z5 2R WA 10
FI7.

15.01

14.0f

S LIRS %

g
=)

11.0

éO 160 1‘20 léllO 16IO
He 5 /kPa
10 AERMEERT _SHmRlZE
Fig.10  CO, absorptivity versus pressure
CO, MR ATt i s 53 3 DR T 34 22, JL DR 7 T T i
AR R, el phe - 1 300 A 1) % 3l B 4 gl g 1
P KSR N 58 53, WOSCR A T R 1. AR SE g



106 - MR O T M ok % % R

5 49 %

e R R R, 23 R AR 2 1Y AR IR #E , O
B8 7 B i A, 2 B AN 22 35%
22,5 EmHEARHF

R AT AR PR R A2 HAE X CO,
WEZ I B R/, 435I A B . C D AREIHS CO, I
MR MEA IR OO L AR B e ik, Y
PR ZBEAEM 35 M AxBA*CA*D,
B# C.B+*D.C#* D, 8HAEF WK d T
O P 5% M R 2R IR A 80 3 e AR A 2. IS R 3R
() AR KR, JF AT A 15 3 2 = 16 FY
Ji 5. 16 FRLHL T 28 S 4005 B BSR4 216 1 1)
CO, IR, Nk 3 Jiin.

XFREAS PR 25 M) R /N R AT W 25 43 A7 9 647 HE
H, e 11 fR.

3 BEUPREER

Tab.3 Simulation results

F5 A B c D/ kPa  WORLR/ %
1 0.08  0.02 10 81.060 5.67
2 0.08  0.02 10 182.385 6.69
3 0.08  0.02 200 81.060 5.33
4 0.08  0.02 200 182.385 5.55
5 0.08 030 10 81.060 81.40
6 0.08 030 10 182.385 90.50
7 0.08 030 200 81.060 65.70
8 0.08 030 200 182.385 60.20
9 0.18  0.02 10 81.060 25.80
10 0.18  0.02 10 182.385 28.00
11 0.18  0.02 200 81.060 23.00
12 0.18  0.02 200 182.385 23.50
13 0.18 030 10 81.060 35.50
14 0.18 030 10 182.385 39.50
15 0.18 030 200 81.060 28.10
16 0.18 030 200 182.385 25.60
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Fig.11 Pareto of different influence factors
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