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A Study on Optimizing SOx Reduction Equipment for
650Kkw

Sang Min Lee

Department of Mechanical Engineering
Graduate School of
Korea Maritime and Ocean University

Abstract

The regulations on sulfur oxides emitted from marine diesel engines have
been strengthened, and a lot of research on the abatement technology is
under way. Typical abatement technologies include scrubbers, which include
cyclones, venturi, jet scrubbers, packed towers, and spray towers. Among
them, the spray tower has to be bulky due to the nature of the scrubber,
but when it is bulky, it can not be used for small and medium sized
vessels. In order to overcome these drawbacks, it is necessary to study the
internal structure of the scrubber which can reduce the volume and
improve the performance.

Therefore, in this study, basic study was carried out to analyze pressure
and flow according to deformation of internal structure of scrubber by
installing guide angle and baffle inside a simplified scrubber through
computational fluid analysis (CFD). Based on these basic studies, we present
a new internal structure of wet scrubber and investigate pressure,
temperature, velocity and water distribution to find the optimal internal
structure while deforming the shape.
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In basic research, the pressure drop and the average length of flow
were measured by varying the angle of the guide and the structure of
baffle in an inline scrubber for a 650kW engine. The guide angle was
analyzed by increasing the angle from 0° to 75° in 15° increments. The
structure was analyzed by varying the length of baffle, spacing between
baffles, number of baffles, and distance from the inlet of the baffle.
Experimental results showed that the values of the guide angle, spacing
between baffles, number of baffles, and distance from the inlet of the
baffle were 30° , 420mm, 200 mm, 4, and 1000 mm, respectively.

In this study, characteristics of pressure, velocity, temperature, and
water distribution according to changes of internal structure of rectangular
wet scrubber for 10MW diesel engine were analyzed. An external scrubber,
a guide vane, a hole plate, and a packing in the structure of the
conventional scrubber are sequentially added to analyze. As the result of
the analysis, the pressure on the front end of the scrubber was reduced
and the exhaust gas flow was uniformed by installing the external scrubber,
and most of the heat exchange was completed before the inner scrubber.
By installing the guide vane and hole plate, exhaust gas was uniformly
dispersed and active particles were trapped in the external scrubber. It was
confirmed that the cleaning water was distributed widely in the packing
region, the uniform and low temperature distribution was observed after
the packing region, and the residence time of the exhaust gas was
prolonged by the flow rate reduced in the scrubber.

KEY WORDS: SOx, Scrubber, Guide angle, Swirl flow, Internal structure
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Table 1 Properties of SO,

Property Values
Molecular weight 64.04
Melting point -75°C
Boiling point -10°C
Density 2.8
Solubility 8.5g/100ml(25°C)

Vapor pressure

330kPa(20°C)

Table 2 Effects of SO, on human body

Concentration[ppm]

Effect

0.03 Increase in patients with chronic bronchitis
0.1 Show asthma symptoms on contact with cold air
0.24 Increase in patients with acute respiratory disease
0.25 Asthma symptoms during exercise

0.4~0.5 After 5 minutes of severe exercise, symptoms of

asthma

Approximately 1% of local residents have asthma
symptoms
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Table 3 Classification of desulfurization technology

Classification

Technology

Wetting reduction
technology

Non-regeneration
method

-Wet lime/limestone scrubbing

-Dual alkali scrubbing

-DOWA basic aluminium sulfate

-Sea water scrubbing

Regeneration
method

-Wellman-lord
-Mag-0Ox
-Citrate
-SULF-X
-CONOSOX(SOx, NOx
Simultaneous abatement)

Drying reduction
technology

Non-regeneration
method

-Spray drying
-Dry sorbent injection
-Electron beam(SOx, NOx
Simultaneous abatement)

-Invertex Process

Regeneration
method

-Aqueous Carbonate
-SFGT(SOx, NOx
Simultaneous abatement)
-Adsorption(SOx, NOx
Simultaneous abatement)
-NOXSO(SOx, NOx
Simultaneous abatement)
-SNOX(SOx, NOx
Simultaneous abatement)

_']1_
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Fig. 2.1 Shape of wet scrubber
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(@) Inner structure modeling of wet scrubber

(b) Inlet holes

_18_

)Collection @ kmou



(0) Inlet angle

Fig. 3.1 Modeling of wet scrubber

Fig. 3.2 Calculation grids
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Number of baff|e<£

hole plate

inlet/

Fig. 3.3 Two-dimensional shape
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Table 4 Design variables at inlet speed of 1.5m/s

Angle(") 0 15 30 45 60 75

Gap between baffle
100 200 300 400
(mm)

Number of baffle 2 4 6 8

Length (mm) 420 560 700

Distance from the

1000 2000 3000
hole(mm)
Inlet d
nlet spee 2
(m/s)
- 2’] -
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Fig. 3.5 Flow distance with guide angle
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Fig. 3.6 Stream lines with guide angle
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(a) 420mm (b) 560mm  (c) 700mm

Fig. 3.9 Stream lines with baffle length

(a) 420mm (b) 560mm  (c) 700mm

Fig. 3.10 Pressure Distribution with baffle length
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Fig. 3.11 Pressure drop with gap between baffle
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Fig. 3.12 Flow distance with gap between baffle
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(@ 100mm (b) 200mm (c) 300mm (d) 400mm

Fig. 3.13 Stream lines with gap between baffle

(@ 100mm (b) 200mm (c) 300mm (d) 400mm

Fig. 3.14 Pressure Distribution with gap between baffle
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Fig. 3.17 Stream lines with number of baffle
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Fig. 3.18 Pressure Distribution with number of baffle
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Fig. 3.19 Pressure drop with distance from the hole
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Fig. 3.20 Flow distance with distance from the hole
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(a) 1000mm (b) 2000mm  (c) 3000mm

Fig. 3.21 Stream lines with distance from the hole

(a) 1000mm (b) 2000mm  (c) 3000mm

Fig. 3.22 Pressure Distribution with distance from the hole

_37_

Collection @ kmou



B AT AL gl 2ague yriz Wyl oF AR un 2AS
A3 G A5 BEALE A GALH A9 600pas) A
@A) UelA HAA A A4S Adow vyt =8 AR AE 7
54 ¥AFE 459 olrt 1 e ARz Busigor 1 At o
23 2ot

D 23 Wy slel= Zmel o) shEel 34 Hol £ WAL
bAoA AsE dEhiddth A% 30° 8 27E ARAE Fass
Ashg GerY HHPE =3 F43 Fobd L B8 ehlA 239

AL} 7 A3 FEASE vlaA e 30° 7k o paHh

2) A= Wi wiEe Zol, 14, e, FUATEFEHY AgEE a4
< FHsRoH WSS AATFoEN F5o HaEARYE AR = AHE
eyl wiEe] Aol 1A, g, FATFEFEHY AEE F59 HaAE
7V 7V AAY 48 E & FERE HFoE AR HA 2L S
9] Aol 420mm, +A 200mm NS5 471, SAdF=2HE]S Az 1000mm o]t}

B

TEHoZ B uw FHFHE riolm ZAxE= 30° HAHY wiETERe 4ol
420mm, ZFZ 200mm, 7|5 47), +H o ERBE 9 A= 1000mme]th.

_38_

Collection @ kmou



A 4% 650kwdF =3HW AA L Y

oju

T2E A

e

e ~a2HY N2

B

i

W
H
i)

r

bow, ol mhe g

PR

o WETEE

SFA T,

°

71 2}

=

s
)

tof 3

°

S|
ax

e
Nd

X

41 3 =4 1 A

411 584 =g

ol
<

O
a

Ar
B

(4-1)
(4-2)

(4-3)
(4-4)

T+5),
A\ T)+7:v U+S,

—Vp+tv .

ov -

(pUs U)
(pUR)=7v -

(pU)

6p+v :
2pU) .
6(§th)+v .

e

Aw_oL
o}
ol

.
_—00
0

o RA, 52 T

LI S
- 5

o714 U

_39_

Collection @ kmou

Uepa T,



0 0 . My | ok )
3 ) o) = (Gt 2 25 4-5)
0 0 Hy | Oe

3 ) = Sl 22 4-6)

_40_

Collection @ kmou



o7z o] sbd, Azt

] sl E4dt. F 47HA 9

02 z7A0g sHstgden 1 =4S Table 53 2th ~= EWM FEHE 71
o o

3 madsH o Fig 4232 oF ~32W, Guide vaned} Hole plate,
Packing®] ¢1xE el Fig. 4.24& Case 32 ¥4S el Fig. 4.25+
2deo] agl=E yeldt. ICEM-CEFDE o] &3ty AAE AR oH, 1g
T el Tetra/Mixed ©]xL 7‘7‘9] Caseoll A% Aol = <F 9077
AEE FABAT. A= 371 288 #F5& A&t oH, Table 6
7t fed =& AHH, Case 49 AHgE 9 H S 2ASE Porouse] AH, &
23 wdo] Input Datag e ATh

2

_41_

Collection @ kmou



Outside
scrubber

Guide vane,

Packing
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Fig. 4.23 Location of shapes
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Table 5 Conditions for each case

Casel

Case?

Case3

Case4

Outside scrubber
X

Outside scrubber
O

Outside scrubber
O

Outside scrubber
O

Guide vane, Hole

Guide vane, Hole

Guide vane, Hole

Guide vane, Hole

plate plate plate plate
X X @) @)
Packing Packing Packing Packing
X X X @)
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Fig. 4.24 Shape of case 3

Fig. 4.25 Calculation grids
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Table 6 Boundary Condition

Material Air ideal gas
Morphology Continuous fluid
Inlet Reference pressure 1[atm]
Mass flow rate 6.74[kg/s]
Temperature 222[°C]
Material Water
Morphology Particle transport fluid
Nozzle inlet Flow rate 162.1[m>/h]
Cone definition Full cone/40[degree]
Temperature 20°C
Outlet Pressure O[bar]
Volume porosity 0.978
Porous domain
Quadratic coefficient 50[kg/m"]
Turbulence model k-epsilon
Heat transfer model Ranz marshall
- 45 -
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Fig. 4.26 Inlet pressure
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(a) Case 1 (b) Case 2

(c) Case 3 (d) Case 4

Fig. 4.27 Pressure distribution
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(b) Case 2
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Fig. 4.28 Velocity distribution
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(@) Case 1

(b) Case 2
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(c) Case 3

C)

(d) Case 4

Fig. 4.29 Temperature distribution
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(b) Case 2

(a) Case 1

(d) Case 4

(c) Case 3

Fig. 4.30 Water volume fraction distribution
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