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

Table 1. Characteristics of exhaust gas

Properties Mas(igc})l\_»l/)rate Temperature (C) 3{?;:?; (l\:,; s;c?]s lst_};)
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 32
1V (w—w)?
Y=1- %ET Q)

o] 7] A, w;%= Local Velocity, w= Average VelocityS e}
il

2.3. MEE O MR A AlZ2 o8 =H

71& Avhg oA AR = Figure 1(ZH Zo] & 6471
9] 140 x 140 x 305 mm DPF2} 1679 217 267 mm, Z 0]
76 mme] DOC7} A= ojglon, A2 it
1,473.6 (W) x 760 (H) x 1,550 mm (L)o] 1L, Q/&T-0] Ao
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kg v} 7|7k EA4S Table 10] LERT) ofeol 2
= 2704 g w7 7ks AR S AAALE, A3
A Pt FLmp, E] vheksh f1x]of A2 Baffle A, 1 7]
7hA 88F 5,661 kg h' (75%)2} 3,774 kg h' (50%)= HAF
2 9] = E3E(Pressure distribution)} 35 U E=(Flow
uniformity)]l 84 Al o] AR

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(]))sci:ico:n flow uniformity (%) | pressure distribution (mbar) P(]))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 Number Flow il‘;)gormity pressur(e niibiztr;ibution DOC Number Flow 111;1/i0§0rmity pressur(iiigztrr)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 93 DOC 16 93
42 oF 46 msTO| 1L, DPFO] B §4229~32ms'2 I §% FLEE §j8) AEHIAS S5

2 Aozt A veksdel.
DOCQI- DPF9] Ao 2 5 Y =(Flow uniformity)
AAkstol Table 300 FERRIT. 9% FUEE Qo 24
6} DOC 1, 2, 9, 100]1 4] <F 84%, Q]2 5E HolQs= M}
SeobA A 2e} 92%7H4) F7kstglom, DPFYA Y £ 24
E OF 98~99%2 w2 ANE ATk
oelst §% RUE Aol Figure 39 W GHEE v
(Vector)oll 4] B520] QJolA] fso] Weba) 2 o457} w4
Ho DOC 1~49 9~ 12949 §5 RUET} Hrjdom
WA et Aom AR,

Pﬂ
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slo] Z}zZy A x|ste] Al EF o]AS 4=3)5}it) Baffle (hole
O 30 mm)ell D] A< 1870, @ 3670, @ 727 hole S TS
et

Figure 6] 2] 75 A& o|Agt
Table 5] Z+z} j‘%_é,\_l:",__;g’ oFE ELy
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Table 5. Flow uniformity and pressure distribution of baffle (D

@ Ad=1-8- DPF/DOCH] Hlj 7] 7} 2]

5 2dE 4 54 A7 157

DOC Number Flow Lg)l/igormity Pressur(t;n dbjzil)‘ibution DOC Number Flow 1221/i£0rmity Pressur(trariibias;l)*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 6. Flow uniformity and pressure distribution of 2 Baffle

- i
=

DOC2

@, @, @ : Plate Baffle

Figure 4. Baffle installation point in the system.

DOC Number Flow 11{)1/1;)§ormity Pressurgn (Li:gibution DOC Number Flow lzrtz/if)'ormity Pressur(e;rl c:)izgibution
DOC 1 70 DOC 9 70
DOC2 70 DOC 10 70
DOC 3 84 DOC 11 84
DOC 4 84 DOC 12 84
DOC 5 84 A0-4l DOC 13 84 W04l
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/i(]§0rmity Pressur(em (E:‘;r)ibution DOC Number Flow u(f)l/l;)f)’ormity Pressur(ern (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 8. Flow velocity distribution of 2 Baffle.

Figure 62] @} Zro] Baffleo] A2 E 79+ Table 63} 2+
o] DOC 1, 2, 9, 1094 9% FAE7} &k 70%2E 7P ¢
5 #¥=E vetdlen, g2t 7 A7k | DOC 7,

Figure 9. Flow velocity distribution of (3 Baffle.

8, 15, 169 A= 90%= el Figure 89 S&EXZE B
¢k uj Baffle Ao 2 §50] F2Eo] DOCY % +<
L7} dolx = A0 R AlmEh FEEE = oF 45 mbarE QF
glo] A5kl Wi DOCY| YEE= 40~ 41 mbars Lt
Epict.

Figure 62] @3} 7ro] Baffle2 A X|3t 7% Table 73} o]
DOC 1, 2, 9, 109] 9% #Y%=E= oF 81%= YElton, &
3= Figure 99} 31 DOCY| 4 E 32 = oF 38 ~ 40 mbar,

Aol A °F 61 mbarZ L}EFITE

3.3. H{7|7IA K2 2 S5 FYE
Hj 7|7k 0] frfol WE DOCY| -5 wtdkof nA=
A &7] Ysto] G2 5,661 kg h'9} 3,774 kg h'e =

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

DOC Number | Flow uniformity (%) Pressur(czn%;;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 Pressm'((:ndgzgibution DOC Number Flow u;l/if)’ormity Pressur(c.:n 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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