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Prevention of Exhaust Gas Back Flow in Large Container Carriers
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Abstract

Prevention of exhaust gas back flow becomes a great interest to shipyards and shipowners in large container carriers because exhaust
gas pollutes cargoes, flows back into the deck house and the engine room area through fresh air intakes and fan rooms, gives harmful
damages to the crew's health and also gives thermal damages to electric equipments on the navigation deck. The phenomena of
exhaust gas back flow has been studied with the analysis of sea trial records and wind tunnel tests and the height of the exhaust gas
pipe, the front area of the deck house, the inflow speed and the position of the radar mast platform has been confirmed as the principal
factors of exhaust gas back flow phenomena, The simple empirical formula to estimate exhaust gas back flow phenomena and the
design guidances of exhaust gas related structures on deck has been introduced, In future, parametric studies for the exhaust gas
back flow factors will be carried out with the CFD analysis, The results of this study will be the guide for development of the prevention
method of exhaust gas back flow phenomena for large container carriers,

Keywords : Exhaust gas(H{7|7tA), Funnel design criteria(B= AA|  71&), Wind tunnel test(Es Algl)
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Fig. 1 Sea ftrial observation results of exhaust gas
back flow
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Fig. 2 Image view of Chonbuk national university wind
tunnel center

Table 1 Principal particulars of wind tunnel

Test Section 20m(L)x5m(B)%x2.5m(H)

Wind Speed 0.5~24m/s

Max. Model Weight 1ton

Table 2 Principal particulars of 10,000TEU class
container carrier

Dimensions 334m(L)x45.6m(B)%x27.3m(D)

Max. Air Draft 63.5m above baseline
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Table 3 Effect of exhaust gas pipe extension (ballast
draft condition, Vs=25kts, Vw=30kts, head
wind)

SO, Concentration

Case Height Bridge Wing | E/R Air Intake
H(m) | Y (m)| (ppm) | (%) | (ppm) | (%)

Case 1| 28.1 | 5.03 | 2.17 | 100 | 2.76 | 100

Case 2| 28.1 | 6.49 | 1.95 90 2.66 96

Exhaust Pipe
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Fig. 3 Comparison of deck house front area

Table 4 Effect of deck house front area (ballast draft
condition, Vs =25kts, Vw=30kts, head wind)

Exhaust| D/H

SO? Concentration

Pipe | Front
Case | jeight | Area | Bridge Wing | E/R Air Intake
Y (m) | (m°) | (ppm) | (%) | (ppm) | (%)

Case 2| 6.49 911 1.95 100 2.66 100
Case 3| 6.49 71 2.05 105 2.03 76
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Table 5 Effect of container loading on upper deck
(Vs = 25kts, Vw=30kts, head wind)

Container SO” Concentration
Case Loading Bridge Wing | E/R Air Intake
Condition | (ppm) | (%) | (ppm) | (%)
Case 1 Empty 217 100 2.76 100
Case 4| Half (4Tier) 1.29 59 1.22 44
Case 5| Full Load 1.34 62 1.28 46
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Fig. 4 Smoke visualization result (case 1)

Fig. 5 Smoke visualization result (case 4)

Fig. 6 Smoke visualization result (case 5)
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Table 6 Effect of wind and ship speed (ballast draft
condition, head wind)

SO? Concentration

Ship | Wind

Case | Speed | Speed | Bridge Wing | E/R Air Intake

is) | kts) ooy T o) | (pom) | (%)

Case 1| 25 30 2.17 100 2.76 100
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Table 8 Effect of radar mast platform on exhaust gas
back flow (Vs=25kts, Vw =30kts, head wind)

Case 6| 17 10 1.90 88 1.52 55
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Table 7 Effect of stack bending angle (ballast draft
condition, Vs=25kts, Vw =30kts, head wind)

Exh. | D/H |Radar SO? Concentration

Pipe | Front | Plat.
Case Height| Area |Height Bridge Wing E/R Air Intake

Y (m)| (m?) [H (m)|(ppm)| (%) |(ppm)| (%)

Container Loading : Half (4Tier)

Case 4| 5.03 | 911 | 2.98 | 1.29 | 100 | 1.22 | 100

Case 11| 6.49 | 711 | 474 |1 1.54 | 119 | 1.52 | 125

Container Loading : Full

Case 5| 5.03 | 911 | 2.98 | 1.34| 100 | 1.28 | 100

Case 12| 6.49 | 711 | 4.74 1 1.53 | 114 | 1.52 | 119

Stack Bending SO? Concentration
Case Angle Bridge Wing | E/R Air Intake
Bea ) Fioom) [ (%) | (oom) | (%)
Case 7 0 2.16 100 2.09 100
Case 8 15 2.19 101 2.15 103
Case 3 30 2.05 95 2.03 97
Case 9 45 2.44 113 2.24 107
Case 10 90 2.60 120 2.24 107
% ”D\%
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Fig. 7 Various bending angle of exhaust gas stack
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Fig. 8 Comparison of radar mast platform
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