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Abstract : As air pollution becomes more serious due to the increased number of diesel vessel operations, ship regulations on
harmful emissions strengthen. Therefore, the development of a diesel exhaust after-treatment system for ships is required, and the
higher the flow uniformity of the exhaust treatment system, the higher the treatment efficiency. With the computer software
ANSYS Fluent, pressure drop and flow uniformity were used in this study to simulate flow rate with and without a baffle in both
a Diesel Oxidation Catalyst (DOC) and Diesel Particulate Filter (DPF) system. The system pressure drop was found to be 38 to 40
mbar in the existing system condition, and the flow uniformity was approximately 84 to 92% at the inlet and outlet of the DOC.
When the baffle was installed inside the system, the pressure increased and the flow uniformity was lowered due to an increase in
flow rate. When the exhaust gas flow was reduced by 50% from 7,548 kg h™' to 3,772 kg h™, the flow uniformity at the inlet and
outlet of the DOC increased by approximately 1 to 3% due to the low flow rate. In the case of DPF, the flow uniformity of exhaust
gas was 98 to 99% because the uneven flow proceeded after uniformly flowing from the DOC.

Keywords : Ship Diesel Reduction System, Computational Fluid Dynamics, Flow Uniformity, Pressure Distribution

.M 2 2l
Aroh melo] Farg ol mel, )7l ede] Aajw el Al 23] slevt SbEw ok A AR o A

= =

* To whom correspondence should be addressed.
E-mail: ysback@suwon.ac.kr; Tel: +82-10-6252-6109; Fax: +82-31-220-2533

doi: 10.7464/ksct.2019.25.2.151 pISSN 1598-9712 elSSN 2288-0690
This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licences/
by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

153



—

B4 78 - gk - uloie

goz wEEE FlEF> id CO, TAEF 961 M,
NOx 20.9 Mt, SOx 11.3 Mt, "[A|HX(PM) 1.4 Mt So]n,
ol W71 A} 7)1%o AzkRt FEFE vRe1]. AZE st
2ol thAIsH7] s = A HAZIFHIMO)+= 2008 104 Y
G2 H 5 9 B|(MEPC) A58} 3] 2jof A Aute] tf7] e ¢
244 21 MARPOL Annex VI 2 ¢ NOx 7|&FZEE 7))
ASHALH23). e AP AT 2 A

Zx10] v} SO Axle] fauET vt hedA
SHF7F Har ik

ool DOC (diesel oxidation catalyst, T]Z&AF3}=1)), DPF
(diesel particulate filter, T]&uf < oj}#}2]), SCR (selective
reduction catalyst, A8 F-A=Zu]7])5 25 t|A H)7] T4
2 e] Auro] RPECH4]L oA FAe] FA = AdnH o
2 202 Agale] elEAE Asit, ) Bae
o|7] Sl vi7|7kA7E GAol HLsHA F U == Ao
stttk {50 AAsHA] oF 2 DPFO| 79 A A 37 of &
AE 4o AR FAH o =& °j°l HYs
g =2 o] fdQlo] ¥m|, DOCS] 79 FAlF &
2 Qg Zufe] 5ol dF= mA NOx&| A4 &ago
ok webA w7720 F U /-9 A2 AR of

of A FEFE v|A7] ol vi717tAS] fE HU=E
BAA BES S AIACK TS

Lemme [6]€} Johnson [7] 52 Fvlf¥gtr] o] f&E A

EOM EE‘r HUT S % = 7] 8l A5 R
=

iom-&—“O{N

O{N
i o
_4 __4 :(O
oX O
o off B [o mE K fo |

:
il

(computatlonal ﬂuld dynamics, ;ﬂﬂ'?riﬂ@‘?b El
A = 2Aetk Kim [8], Anthony [9]€} Herman [10]5-> =2 314 &
o|-g-sto] Zufj Wgkr] o] ¢, gjke] 2= 3 DOC, DPF9
Al i, - vi7|e] S5 whE f5EE 2 S AlEE
oldoz sjAglon, AME WS AAE0] vj7| kA
5 #d= 9 it 4L CFDE o|83t] =3Jsla Qlrh
2 A7 oA Adukg w77k AZGRA(DPE 27]=
140 x 140 x 305 mm2] 647}, DOC Z7|= A7 267 mm, Z 0|
76 mme] 167])o] 400°C vj717}A7} 7,548 kg h'&E &
AR Y5 53528 CFD /\P—%iEfﬂ ANSYS Fluent
2 olgsto] Mj7I7kA AR HUHE S L o)
(DOC, DPF)& A A7) = o 215 ﬂl**?ﬂi} ol %t

=

3f
Ao 2 RE QrgE A (Pressure distribution), F-<5 HE 4 &
% A= (Flow uniformity)S L35} th. Ef{ = o 3
A& Eoto] vz 7kA A as A 17;105\]94 Hro
=0lalA} thFt 913014 9] Baffle @7\] SRl PP eate)
fFrEEde] g o9 W 522, f5 = vA= 9
ol diste] Atskdet

2. AIEHI01M 3HiA] 2! dkH
2.1, X|HHEE R Al

w2 AlEE ol oA Hi 7| 7k A

xo) AL AR

o5t AT =9 ANSYS Fluent 1825 o]&3it) 3x1¢
Navier-Stokes 74 4]0l A3ko] 7] 7k A7) the] o)
Nk 4, g4, 85 FAES] HHS ABYI A Fow,
7| 7t A 0] WRo] ks 11#sly] ¢)sle] K-e Realized
model, L= EIXE 23| En ergy equation, DOC, DPF 9] Azt
U AE Fluent o] 34 BA29S ol g3kl A4tat

olzfj e} o] oqﬁ\_oxg/_kj(l) e v A(2), o U x| vHA
4@), B2 mE@eR sttt

6 —
StV =5, )
c’?t( )+V (P;Z) =—Vp+V e (;’)+pg+?7 )
)
E(pE) + « (v(pE+p)) Zh +S, 3
3
_(2]1 I, +Z ,}2p| v;|v;) 4)
iz
o714 pe dEPa), v F5m s, pe FA9 Y=
(kg m?), T & WA, D AAGAS, O BAA

w717k A A(DOC, DPF EGhA| | of| A vl 7] 7k 2~
ol Z3HE o] Sl HC2F COE Sl SolA BE-AIA o4t
Shebael 7|2 AehE i, 7hA9) FHksto] L2 Soot=
DPFo A of 3t A7 == Zolth. o3t A7 Al&g o
FUEE S groll w2l Sue] Aol 28 Suls ¥
Aol sl &= o] wdsHA| Fod Frfj ARl Hisl
ARt ghgo] HHEA 0= o Folxu] ZullAulo) wA|F7|7H
Hrol Ak,
w717k A7 e) ARl BEe SR ALY,
25 o) 93| w7 7tAvF 2] Ao FHAHoZ 2 Z2E]
WApo] Lehuiey. olo) 28 A%, Huje] QgrEoAg
U171 A ol HAne S Aol
"olAith. wehd §% FUEst dom 1vkel Fuje] 2
go] Azt o] 7|7k AR O] o] TEE= B—‘?JE
=2 ”ﬂﬂl’% °l°ﬂ utet Suf Fe] FF2AE AAIsko] S
w717k AR o] o)
% 735%/\171“4/\1 = 2] "%% ol ek
T ddEe U S5 HolA g2 A A &S At

7k A Jﬂ Equation (5)Z ©]8-3l] {5 #+de 4k

5 FAE ghol 1 (100%)0]H Zof
EZE e lolu], 0 (0%)0]
B8] §5o] WFPL oujgich B
A o

Aol 211X 0.9 (90%) o]AFe] f-%

rlr rlm

to &
=
o
a
B
;



Figure 1. Configure (L) and Model (R) for the reduction system of exhaust gas.

Table 1. Characteristics of exhaust gas

Properties Mas(i(;l(})l\_»l/)rate Temperature (C) :1)(?1:?; (l\:gl s;c?]s lg)
Value 7,548 400 0.525 3.2x 107
Table 2. Average flow rate and pressure distribution with the position of DOC and DPF
Position Average flow rate (ms™) Pressure distribution Position Average flow rate (ms™) Pressure distribution
DOC DPF (mbar) DOC DPF (mbar)
1 6.8 2.9 9 6.8 2.9
2 6.8 2.9 10 6.8 2.9
3 49 3.1 11 49 3.1
4 49 3.1 38 12 49 3.1 38
5 4.6 3.1 0 13 4.6 3.1 20
6 4.6 3.1 14 4.6 3.1
7 4.6 3.2 15 4.6 3.2
8 4.6 3.2 16 4.6 3.2
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Figure 2. Pressure distribution for the reduction system of exhaust
gas.
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Table 3. Flow uniformity with the position of DOC and DPF

P(l))sci:ico:n flow uniformity (%) | pressure distribution (mbar) P(l))sgic(:)n flow uniformity (%) | pressure distribution (mbar)
1 84 98 9 84 98
2 84 98 10 84 98
3 85 99 11 85 99
4 85 99 12 85 99
5 89 99 13 89 99
6 89 99 14 89 99
7 92 99 15 92 99
8 92 99 16 92 99

Figure 3. Flow distribution for reduction system of exhaust gas.

Z

Figure 4. Geometry for the reduction system of exhaust gas with
plate baffle.

Table 4. Flow uniformity and pressure distribution of DOC with plate baffle

DOC Nuraber Flow 111(?/i£onnity pressur(e niibiztr;ibution DOC Number Flow lzl‘igomity pressur(iiibiztrr)ibution
DOC 1 82 DOC 9 82
DOC 2 82 DOC 10 82
DOC 3 85 DOC 11 85
DOC 4 85 DOC 12 85
37~40 37~40
DOC 5 89 DOC 13 89
DOC 6 89 DOC 14 89
DOC 7 93 DOC 15 93
DOC 8 %3 DOC 16 93
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Table 5. Flow uniformity and pressure distribution of baffle (D

@+ Ad=1-8- DPF/DOCH] Hlj 7] 7}~ 9]

5 2dE 454 A7 157

DOC Number Flow Lg)l/il;ormity Pressur(c;n dgzgibution DOC Number Flow 1221/iogormity Pressur(crariiasl?)*ibution
DOC 1 76 DOC 9 76
DOC 2 76 DOC 10 76
DOC 3 79 DOC 11 79
DOC 4 79 DOC 12 79
DOC 5 87 39 =40 DOC 13 87 39=40
DOC 6 87 DOC 14 87
DOC 7 94 DOC 15 94
DOC 8 94 DOC 16 94

Velocity
veolocityq

[} 3.529e+001

DOCA1

—)

-

Inlet Exhaust Gas

Figure 5. Flow velocity distribution of DOC with plate baffle.

Table 4. Flow uniformity and pressure distribution of @) Baffle
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@, @, @ : Plate Baffle

Figure 4. Baffle installation point in the system.

DOC Number Flow 121:/iogormity Pressurgn (Li:;;ibution DOC Number Flow lzrt;if)'ormity Pressur(e;rl c})iz;r)ibution
DOC 1 70 DOC 9 70
DOC 2 70 DOC 10 70
DOC 3 84 DOC 11 84
DOC 4 84 DOC 12 84
DOC 5 84 40~4l DOC 13 84 10~4l
DOC 6 84 DOC 14 84
DOC 7 90 DOC 15 90
DOC 8 90 DOC 16 90

Table 7. Flow uniformity and pressure distribution of (3) Baffle

DOC Number Flow 1221/il]§ormity Pressur(em (ﬁ:‘;r)ibution DOC Number Flow u(f)l/l;)f)’ormity Pressur(e;n (g:gibution
DOC 1 81 DOC 9 81
DOC 2 81 DOC 10 81
DOC 3 83 DOC 11 83
DOC 4 83 DOC 12 83
DOC S = 38.1~404 DOC 13 " 38.1~404
DOC 6 88 DOC 14 88
DOC 7 91 DOC 15 91
DOC 8 91 DOC 16 91




Figure 9. Flow velocity distribution of (3 Baffle.

Figure 8. Flow velocity distribution of 2 Baffle.
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Table 8. DOC flow uniformity and Pressure distribution at mass flow rate of 5,661 kg h™!

DOC Number | Flow uniformity (%) Pressur((;ﬁ;z;ibution DOC Number | Flow uniformity (%) Pressur((:ndg:gibution

DOC 1 84 DOC 9 84

DOC 2 84 DOC 10 84

DOC 3 85 DOC 11 85

DOC 4 85 DOC 12 85

DOC 5 % 26.7~28.0 DOC 13 % 26.7~28.0

DOC 6 89 DOC 14 89

DOC 7 94 DOC 15 94

DOC 8 94 DOC 16 94

Table 9. DOC flow uniformity and Pressure distribution at mass flow rate of 3,774 kg h™!
DOC Number Flow uirol/iot;ormity Pressur((:n(fgzgibution DOC Number Flow ugl/if)’ormity Pressur(ern c{)i:‘;;ibution

DOC 1 85 DOC 9 85
DOC 2 85 DOC 10 85
DOC 3 87 DOC 11 87
DOC 4 87 DOC 12 87
DOC 5 o1 16.8~17.4 DOC 13 o1 16.8~17.4
DOC 6 91 DOC 14 91
DOC 7 95 DOC 15 95
DOC 8 95 DOC 16 95




Velocity
Contour 1

F 3.004e+001
2.817e+001
2.629e+001
2.441e+001
2.253e+001
2.066e+001

1.878e+001
1.690e+001
1.502e+001
1.314e+001
1.127e+001
9.389e+000
7.511e+000
5.633e+000

Figure 10. DOC flow velocity distribution at mass flow rate of
5,661 kgh™.

| 1.696e+001
1.590e+001
1.484e+001
1.378e+001
1.272e+001
1.166e+001
1.060e+001

9.540e+000

Figure 11. DOC flow velocity distribution at mass flow rate of
3,774 kgh.
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