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Abstract : Diesel engines are widely used as transportation engines because for their superior torque and
thermal efficiency compared to gasoline engines. In shipping companies, low-grade diesel oil is used to
reduce fuel costs, but diesel engines emit up to 100 times more Nitrogen Oxides(NOx) and fine dust than
gasoline engines. Currently, global warming and climate change are increasing interest in the air
environment, and regulations on air pollution emissions are being strengthened. The International Maritime
Organization has applied the Tier III, a nitrogen oxide emission regulation in the ECA area, to vessels
built since 2016 and regulations are being strengthened on environmental pollution sources emitted from
ships operating in the ocean and docking in ports. There are methods such as EGR and SCR systems to
cope with enhanced environmental regulations. EGR reduces the amount of oxygen and increases the
concentration of carbon dioxide as a way to reduce NOx emissions during engine combustion, slowing the
combustion reaction and lowering the maximum combustion temperature. Previous studies on the
comparison of nitrogen oxide reduction rates by boiler load using diesel fuel and LNG fuel have not been
conducted in detail. In this study, the nitrogen oxide reduction rate and flow characteristics were
investigated through CFD flow analysis according to the boiler load of the SCR system using diesel fuel
and LNG fuel using a 1.5 ton marine boiler. In the future, trough the results of numerical analysis, we
will develop an efficient LNG propulsion ship SCR system based on comparative analysis with actual

experimental values.

Key Words : Nitrogen oxide (NOx), Exhaust gas recirculation (EGR), Selective catalyst reduction (SCR),
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Fig. 1 Photo of a 1.5 ton boiler
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Table 1 Specification of experimental in a 1.5 ton
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Table 2 Specification of the Diesel & LNG fuel in

boiler a 1.5 ton boiler
Design pressure (kg/cm?) 10 Item Diesel | LNG
Max. temperature (°C) 300 50 3 3
Maximum flow rate (Am%hr) 1,500 Load (%)| 75 |Inlet flow (m/s)| 4.5 4.5
Convert evaporation (kg/h) 1,791 100 6 6
Total outbreak heat cap. (kcal/h) 965,550 Porosity 07 07
Efficiency (%) 88 Urea (g/hr) 300 160
Heating surface (m?) 35 IN NOx (ppm) 177 o7
Fuel consumption, Diesel (kg/h) 106.5
Fuel consumption, LNG (kg/h) 1103

Exhaust gas
Analyzer

Urea SCR
Tank Jl
Fuel Tank {: \ A
a A
=

__ Urea :
r Reactor |:

v

- '

Boiler

Fig. 2 Schematic diagram of experimental system
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50%, 75%, 100%Y o HH{3F Zk 750 Am’/hr,
1,125 Am%hr, 1,500 Am’/hr, 4T S5 222 3
m/s, 4.5 m/s, 6 m/s, &= E(Porosity) 0.7, A 24+3}
Z W& gAAS 177 ppm, LNG 67
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Table 3> 23|40 AMEEOZ tAAT e}
LNG 989 S4X& vepdth tddss 95
831 kgm’, 714l HlZ 0, M7} 40~55, €A
180~370°C, CHO ¥&2 ®a 86%, T4 14%, 4F
2 0%, BHE 3 mmYs, T3 250°Ce] BEAAE
7FAH, ING 959 EXXE 45 415 kg/m’, 7]
A ¥F 0.55, AE7F 0, v -162°C, CHO &F
k2 76%, T4 24%, A 0%, BHE 0, T3k

537°Ce] 24X 7M.
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Table 3 Properties of Diesel and LNG fuel
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Table 4 Boundary condition of SCR system
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Item Diesel LNG Item Value
Density (kg/m’) 831 415 Inlet Velocity (m/s) 3~6
Exhaust
Specific gravity - 0.55 Temperature (°C) 200
Centane number 40~55 - Catalyst Porosity 0.7
Boiling point (°C) 180~370 -162 Wall No-Slip
C 86 76 Turbulence Model K-e
CHO content
H 14 24
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(a) Result of velocity for boiler load 75%
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(b) Result of pressure for boiler load 50%
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(b) Result of pressure for boiler load 75%

(c) Result of NOx reduction for boiler load 50%
Fig. 4 NOx Reduction of SCR system in a 1.5 ton
boiler (Diesel, load 50%)
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(c) Result of NOx reduction for boiler load 75%
Fig. 5 NOx Reduction of SCR system in a 1.5 ton
boiler (Diesel, load 75%)
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(a) Result of velocity for boiler load 100%
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(b) Result of pressure for boiler load 100%

(c) Result of NOx reduction for boiler load 100%
Fig. 6 NOx Reduction of SCR system in a 1.5 ton
boiler (Diesel, load 100%)
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Fig. 7 Reduction rate of NOx emissions to a 1.5

ton boiler
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(a) Result of velocity for boiler load 50%
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(b) Result of pressure for boiler load 50%

(c) Result of NOx reduction for boiler load 50%
Fig. 8 NOx Reduction of SCR system in a 1.5 ton
boiler (LNG, load 50%)
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(b) Result of pressure for boiler load 75%

(c) Result of NOx reduction for boiler load 75%
Fig. 9 NOx Reduction of SCR system in a 1.5 ton
boiler (LNG, load 75%)
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(b) Result of pressure for boiler load 100%

(c) Result of NOx reduction for boiler load 100%
Fig. 10 NOx Reduction of SCR system in a 1.5 ton
boiler (LNG, load 100%)
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Fig. 11 Reduction rate of NOx emissions to a 1.5

ton boiler
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