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Performance Optimization of Marine 6135 Decarbonization Tower
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Abstract: The ship 6135 decarbonization tower based on quick and effective effect can reduce the ship
CO, emissions, which becomes the current research focus of ship CO, emission reduction. CO, emission re-
quirements of ships in Annex VI of (MARPOL 73/78) Convention are taken as the target, the capture of CO,
from ship’ s emission is studied by using NaOH solution. After the study of the gas—liquid two—phase mass
transfer of NaOH solution and CO,, the performance optimization of the existing decarburization tower is re-
searched by the method of numerical simulation and experimental research. The effects of the entrance form
and the angle of exhaust gas intake, the spray cone angle and the layout of nozzle on decarburization efficiency
of decarburization tower are optimized. The results show that the entrance of the exhaust gas is in the form of
cut in intake, the entrance angle is 15°, the nozzle spray cone angle is 90°, and the top nozzle is rearranged
to spray upward, and the height is at the same level with the middle nozzle , the decarburization efficiency of
the decarburization tower is improved by 4.42%. The numerical simulation results are in good agreement with
the test results.
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1-6135G128ZCa engine; 2—Exhaust pipe; 3—Bypass—valve; 4-Exhaust export; 5—-Cooler; 6-Draught Fan; 7-Decarburization tower; 8-

nozzle; 9— Regeneration tank; 10— Dosing funnel and cover plate; 1 1-Settling tank ; 12-Separation equipment; 13-Solid collection

tank; 14=Poor fluid; 15-Pump; 16—Exhaust analyzer

Fig. 1 Recovery system of ship’s CO,

(a) 6135 marine diesel engine (b) 6135 type decarbonization platform (¢) Testo350 gas analyzer

Fig.2 Experimental equipment
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Table 1 Basic parameters of 6135 decarbonization tower

Parameters Value
Height of decarburization tower/m 3
Diameter of decarbonization tower/m 0.3
Exhaust gas inlet diameter/m 0.125
Exhaust gas intake mode Cut in intake
Exhaust gas outlet diameter/m 0.125
Number of nozzles 3
Nozzle type Solid cone

Nozzle height/m 1.4,2.0,2.8
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Fig. 3 Physical model of decarbonization tower
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Fig.4 Mesh
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Table 2 Parameters listed in universal equation
Conservative equation D r S
Mass 1 0 S,
s P 8( 6u)+6( 8u)+6( 8u)+S
Momentum—x u Mo = BT 1y o ox 2 o dy 2 % 0z Mgt ox u
M P 8( ()u) 0( du) d( ('Ju)+S
—y , =+ L2 i W
omentum-—y v Moo = B+ My 3y | ox Heeir ay ay Heii 3y oz Mo ay
aP 9 du d ou 9 du
Momentum—z w Mo = M+ 1, —E E (:U«ma*) 67} (u ffg) P) (Mpffg) +S
M
Turbulence kinetic energy K Mmoot pu G +pe
K
I'Ll
Dissipation rate & Mmoot o (Clg('K - Cy,p8)
123 /‘Ll
=~ \
Energy E P, o, S,
Dl
Concentration C p(D + o ) Seon

VRLITE E PN TR, PR I e RN B 8 R ST CO, 1Y
W WS A% T 3 e AR A SOWRAE B T T A% O
& Hh
Neo, = Ke(Peo,s = Peoyi) (4)
:—ttqjK(;ﬂﬂ/ﬁﬁ‘ﬁﬁ'\fgﬁ%ﬁ,mol/(mz's-Pa);P(;oz,g
R COZE@%H?,Pa;pc(,z,jj%iﬁ*ﬁﬁﬁi CO, 1

V- oy e, Pao X TR AL S RO peg,, 8 I8 KT
Peois BT B peo 95 T % 0 AN BAL it R BonT LUk
NN
1 1 Hco2
K,k Bk (5)
2 H kR A CO, B AL BT R BT, mol/(m?-s-

Pa) ;B AL 3G 58 N 5 H o, CO, 5 FIH K, Pa-m?/

mol; k, N WA CO, (1% 5t R AL, mol/(m*+s+Pa) . k
Al AR 4 Frossling J5 FE 15 Hi 2
k.d
Sh = =2 + 0.55Re™ S (6)
D(;oz,(;
X P, Re= d‘u - up‘p/,u; Sc = L; Do ¢ =
PDcoz,c
-9m1.75 1 1 0.5
9.86 x 107°T""°[ — + I
]MN2 M(:(g N .
-6 /3 1/2- ;ﬂ*,Re%%lﬁf&;
1x10 P(Vco St Vl\' ’)

Sh 1 Se 43 5] J& i (R A HOR A% o0t 2 e 2805 w A w, 3 531
R SR R B, m/s 5 p R 2300 Ry A B RE K
JE  kg/m® Fl Pa-s; D, o A CO,TESAH T 4 B R &L,
m?/s; My F M, 53 50K N, R CO, ) BE /K I, g/mol ;
Vy, Bl Vo 23500 N, HLCO, (953 TR B, em’/mol .

R A% I

Sh =

Bk, T iy (7)Y

d
L = 0.75Re,"*Sc'" (7)

CO,.L

P Do, AW CO, B B R EL, m/ss W] AR
Y5 F FH 48 1F J5 79 Stokes—Einsteing J7 #2 it 55

wo Mo

L — 2
D(;()z = Dcoz (

)0.8 (8)
Mnaon

-2119

D¢y’ =2.35% 10 exp ( ) (9)

AT DL A COAE K T I 1R L, miss ey o I
Moaon 73 0 R 7K AT NaOH 5 W 0 K B2, Pa-s; T, b R AH
ALK,

XTI MR BE B NaOH %5 ¥, NaOH ¥ ¥ 6 =2 ) 8

oy 52 AR /N, PR A T O, 7E K v i 5 ) B
& CO,7E NaOH ¥ W Hh 1) == ) o e
~2044
Hy, = 2.8249 x 10° exp ( ) (10)

Bk NaOH IR 5 CO, 2 1014 B A B A 4k 28 I
N ST R BT DL E T 2 1) 0 R S AR s — &
FR o MR A —H B (3 < Ha < B) , fb2E1E
J 8 580 DR 5\ A A

B = Ha = (11)

X B R N Ak 2 AL OS5 R 1 5 Ha N
ko, R B — G g R 2

7 B B ) T B 3o A 4
8 d, B 5 SR A 00 0 22 3 LR 0
AT LR A T 0 1 TR T



1430 E{iE T S S A N 2021 4E
o= Z(er (12) Pk, CO, A R 8% 38 mT LR IR
0 c, —
S dy KW T s H IR I e 0% (18
SR B, m*/(m?-s) o o e, AR IS UE O CO, IR LY ,mol/m*; ¢,
PRI, CO, 14 1 IS0 232 Sk BRI H 1T CO, AR B E , mol/m’
dCe. 2.2.5  CO, MW W7 55 UF
== =Ng,a, = —Kgape, (13) R " . s
di : : FERCEAS R A A S50 S8, B RS0 K
A Koo A ARLEAL BT R KL, mol - Pa/(m+s) . YA HE A BB 5 NaOH V3 VUK JBE T BE 3 343 31
PRI I Jo < i e B R T N 2mol/L, 25°C , 4m’/h ; W5E W 14 Sk 155 257 HE 71 ol 90° 1) 23
Su = ~Neo, oMy, = =Kgap o M, (14) Ao HE S 5 S AL Sy B R T, B R B L 25% 1
243 CO, YR B2 ~F1H J5 B IR I Ry fif \50% 1A \75% g 100% 7 far 5 M8 /<76 B8 & 1 51
Se = =Neo,aMyy = =Koapeo M, (15)  30°C. BiBREE N CO M EE A = K WL IR 5 i s o JAS

R4 bR % B ALEE 8 i FLUENT18.0 K44 H i
FH 2 SCRE P (UDF) |, B AR R (9 22 52 S0, i 5
CO, W AR AL 28 2] FLUENT 844 vh , 58 B3I A 35 %
CO, W W3t 72 1) B (A B4
2.2.4  CO,JMBBREEL R

"ﬁ%xﬁﬁn?’fﬂﬁikg{‘ o B 2 R SRR R

AR S B R SR S IR =2 T R I AR, L]
%%ﬁﬁi

1

2 % 100%

T S 5 A b A B 1 2 COL IR BT
BE IR B, e Z G 2k

c

n= (16)

JE ot

X = (17)

Mole fraction
of CO

2

|
|
|
1.78x10° i
1.75%10°
1.72x10° I
1.69x10°2 I
1.66x10°2 I
1.64x10°2
1.61x1072 |
1.58x107 |
1.55x10°
1.52x10° !
1.49x10~2 i
1.46x10°2 i
1.43x10
1.40x10°2 I
1.37x10°2 |
1.35%10°2 i
1.32x10°2
1.29x1072 |
1.26x1072 |
1.23x10°2
1.20x10°2 |
|
|
|

m—

(a) Under 0% load

1-¢

Mole fraction
of CO

2.85%1072
2.81x107?
2.76x102
2.72x107?
2.67x107?
2.63x107?
2.59%1072
2.54x1072
2.50x1072
2.45%1072
2.41x107?
2.37x10% |
2.32x107? ‘
2.28x10% |
2.23x102
2.19x102
2.15x10 |
2.10x10?
2.06x1072
2.01x102
1.97x107?

2

(b) Under 25% load

Fig.5 CO, concentration on longitudinal sections and horizontal sections under different loads
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(¢) Under 50% load
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Table 3 Exhaust gas parameters under different loads

Load Idling  25% 50% 75%  100%
Gas velocity/(m/s) 11.8 13.8 16.5 18.6 18.9
CO, concentration/% 1.78 2.85 4.58 6.02 7.19

Mole fraction
of CO

6.02x10
5.94x10°
5.86x10°
5.78x10°
5.69x10°
5.61x10°
5.53x10°
5.48x10°
5.37x10°
5.29x10°
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5043102 |
4.96x107
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4.55x10°
4.47x107
4.39x10°

2

(d) Under 70% load

Mole fraction
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6.16x10 |
6.07x10 |
5.98x10 |
5.98x102 |
5.79x10
5.70x10
5.60x10
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532x10°

(e) Under 100% load

2
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Table 4 CO, absorption rate under different loads

Load Idling  25% 50% 75%  100% Average

Absorption rate' 31.33% 29.93% 28.42% 26.83% 25.87% 28.48%
Absorption rate? 30.15% 28.66% 27.12% 25.58% 24.73% 27.25%

Note: 1 means simulation result, 2 means experimental result.

> ST AL B A 38 0 0 SR A R R ik 4
ITE S I W ey R s A RN E AR 15| NN
WD CO, AR5 NaOH ¥ WA #22 i A% 53 A0 4k 2% BN I
[E) 30 ik 3 %) Al 3% 2 3 T R A B R B .
A 5 ik HLAE A [ SR R T AR, 6135 50 % A IS A 15 A
0L 0 S 249 5 65k 2% R g 28.48% , 52 ey I A4 SF- 449 i Bk
BRR 27.25% , T2 90 25 B 5 BUA BN LS R A 4
- 47 I8 e AR AR A UL 45 2R L S 45 SRR 1.23% , 1%
FEHE 5% LA, B AT DL BT CO, W iR A LA | 4F
A 50T o S DL L S e K, HG 3 IR
{ELAS DL AE B R IR S T SR AT A, T S S B I
W % 5 B NaOH /N VA 96 42 5 S AR fil |, 4%
(Y& i g A

3 MR

3.1 ESHFHNBEBEN QR

AN 5] B8 0 SR A R 3O BB 08 R TR A
A NI AW S TR € AL IR T3 & SO
FEAF WL 6(a) B, 5K T, BLE 6(b) Bir
N X RSN FE AT T ST, 23 % I Ao
AR ASE A TR 2R I B 35 28 A7 B(E A 401 15 552 56
gT, HLA R I IEL T FiR o

(a) Horizontal straight (b) Horizontal cut-in

Fig. 6 Exhaust gas inlet form
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Fig. 7 Comparison between simulation results and test

results of gas inlet form
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results of nozzle arrangement
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