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Abstract — Regarding the design of the gas sweetening absorber, the gas distribution analysis for the increase of the
sour gas removal and reduction of the tower height is very important research topics. Recently, regarding the CO,
capture technology which is a promising option for the reduction of the greenhouse gas (GHG), the need for the gas
distribution improvement is increased as the gas treating capacity increases. In this paper, we have investigated the
sour gas distribution in the absorber using CFD (Computational Fluid Dynamics) based on 10 MW post-combustion
CO, capture plant installed in Boryeong power station, Korea Midland Power company. For this purpose, we sug-
gested the three possible technology options (splash plate, spiral gas line and U-tube) for the gas distribution
enhancement and compared the effect of the each cases. The result showed that the U-tube installed in the absorber
increase the gas distribution about 30% compared to the base case, while the delta P increasement was about 10%.
From these results, it was found that the U-tube installation is an effective technology option for the gas distribution
enhancement in the gas sweetening absorber.
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Fig. 1. Process scale vs. Absorber diameter.
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Fig. 2. Procedures of the CFD analysis.
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Fig. 3. Absorber configuration based on Absorber design.
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Fig. 4. Photos of 10 MW CO, capture plant located at Boryeong
thermal power station.
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Table 1. Design & Operating conditions of the CO, capture pilot plant
Conditions Unit Figures
diameter m 33
absorber . t
height from the absorber bottom to the lower level of 1** packed bed m 3.0
geometry -
. diameter m 0.9
gas inlet .
distance from the absorber bottom m 2.1
a ) kg/h 382
ow rate
feed di m*h 35,000
eed gas condition
& temperature °C 40.0
density kg/m’ 1.030
e HXE FrEe] AAXEE 8l 7] FAES

2013 e 5€ HEgslEERe] AX|E F 0 Z 3FF 20082 olits)
g Ae|g < glon] R EE 2013 @A ofAlo} ) grio]
CHFig. 4).
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2-4- 3 4 Case
ATelxE FEE R FYE wizkae] AR A

LO}O% T 7HA9] Aol thalo] #-A4E st

Fig. 5(a)ell AR 212 AnkaQl 7hA F]lepel A o 7 F5
shckellA] FJ )= w7kt FE Uil ol Fke] Ak
glo] vk S U FSlo] HE Aol ol EUE AA
1l 7o) foldk A=A o] 9) o1} AH] Lefo] 4= m oo = AR
735 EF?JQL 712~8) tiFREe] 7R Tl 91R] with ] S
W Bl ST Ao R o)Fd 7heAo] ok HAAR 7k
2Hdol A 0}5 7Fsdel =tk

Fig. 5(byi= S5 U0l splash plateE X5l S5FHo= F
U= 77 DA splash plate@} YA 2Ato] - L’F‘%"
U2 F8lo] H 5 = QO]‘:} ol 29128 Sulzer it &
& AN B2 ZWHEC] L8 F21 FEild] olzist Fe 2 plate
AAE FA FTE U RS A el E g o
Y¥= vi7E27F splash plate$} REE WpHA] Zjqto] S 7] o
ol wi7tAE S URR FYs] 213 $8719] 3] Tl
Elo] ¥l #-An] o] Sl 7ks/do] it

Fig. 5(cy= Fig. 5(b)2} 2] Plate 5319 A7H HES 531 BAF
WA A Al Al S Qe A S 9 E skl e
B2 7EAEiR1E s Uil 9Mdste] 7ke] SRS AT
e 507 gt FE il AAE WY FEje] 7kl
= AAslo] FRlEE 7t S Ut R WA dEE Y
TE fEste] § ulelr 7hse] A 3 B ARAIRE SV

A

" x]ﬂLﬁ_—' Fig. 5(dy= S5 vlell daL 52 Fee] U-tubes
Aoz 151 & "‘F/Lj Eoly= 7} A7) A7 U-tube$} TF
WA S5 U k] HER Sel), o) 7k A &

a. Base case b. Splash plate

BEEEEEEE
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c. Spline gas line d. U-tube

Fig. 5. Various configurations considered in the CFD analysis.
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Table 2. Relative gas distribution at the Gas outlet

Velocity at the Relative gas
Case gas outl};t (m/s) distributigon Delta P
Base case 1.67 1.00 1.00
Splash plate 1.60 0.97 1.45
Spline gas line 1.98 0.94 1.73
U-tube 1.59 0.73 1.13

FH T S A 319
AAE 10 MWE CO, 23] ZWEol = AldE U-tuber}t 385
e 2014 28 FA FyHor &G Tl Ak
4.4 £
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G2 A 1217} 00 o) R s RS
A O‘E el el a Zojs o Ik, B el
2 98
okt Blok-S AAE}AL
L AEEEE R AT
7]’* A 3PS Sl thekel ®iRk(splash plate, Ul Ut
4 ASE U-tube)ll thato] CFDE £H-8-3
4] 205 A Unbe AR A] 712 B0l gl o
T A Q= 9ok nlaslol o 30% 2715w Hjste)
7= 10% 202 AR Qobx] 7EA BAMY SRS Q)3 Q=31 v
qroz 7RIk,

ExHIE A8 = 9= o)

ok

Nomenclatures
Ci, : constant in Eq. (2)
C,, : constant in Eq. (2)
C;, : constant in Eq. (2)
g; : component of the gravitational vector in the i-th direction
P, : generation of turbulence kinetic energy due to buoyancy
P, : generation of turbulence kinetic energy due to the mean
velocity gradient
Pr, : turbulent Prandtl number for energy
k : turbulence kinetic energy [m?/s?]
S : modulus of the mean rate-of-strain tensor
S, : user-defined source terms
S, : user-defined source terms
t : time
U, : gas phase velocity of species i [m/s]
A" : gas velocity [m/s]
Ve : average gas velocity [m/s]
Y, : contribution of the fluctuating dilatation in compressible

turbulence to the overall dissipation rate

Greek Letters

€ : turbulence dissipation rate [m?/s’]

B : coefficient of thermal expansion

c : standard deviation of the gas velocity magnitude
O : turbulent Prandtl numbers for k

P : gas density [kg/m?]

n : molecular viscosity of the gas phase [kg/m/s]

[T : turbulent viscosity[kg/m-s]
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