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Abstract A marine SCR System is emerging as an alternative to comply with NOx Tier III Emission standards, a restriction
on greenhouse gas from vessels implemented by the International Maritime Organization. The system is greatly affected
by the uniformity of the fluid flowing into the catalyst, so the performance of the catalyst of an SCR system needs to
be guaranteed. This study conducted research on a mixed evaporator of an SCR system, which is one of the factors affecting
the uniformity of the fluid. When the angle of the mixed evaporator is set to 90°, the fluid uniformity is at its highest
at 83%, under the condition that the length of the mixed evaporator be 3.5 D. When the length was 3.5 D and less, the
fluid uniformity had a tendency to improve relative to the case without a bent pipe. However, a longer mixed evaporator
results in a more perfect liquidity development in the pipe with a liquidity distribution similar to the case where no curved

pipe is formed in front of the catalyst. A lower angle for the mixed evaporator results in a lower flow uniformity, and

a longer length of the mixed evaporator results in a lower difference in the flow uniformity caused by the angle. The flow

uniformity can be improved by 6% with a mixed evaporator, which confirmed that all factors applied to an SCR system

have a close relationship with the efficiency.
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Fig. 2 Schematic diagram of SCR reactor.
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Fig. 3 Nitrogen oxide conversion reaction in SCR reactor.
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Fig. 4 SCR reactor 3-dimensional modeling and 2 D layout.

Table 1 Size of SCR reactor 3-dimensional modeling

Diameter Diffuser 1  Diffuser 2 Catalyst 1
(mm) (mm) (mm) (mm)
299.5 300 300 400

Middle Layer  Catalyst 2  Reducer 2 Reducer 1
(mm) (mm) (mm) (mm)
300 400 300 300
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Table 2 Boundary conditions

Class Properties
Space 3 Dimension
Time Steady-State
. Ideal Gas Equation
Governing -
. Energy Equation
equation — -
Continuity Equation
Turbulence Realizable k- two layer

model turbulence model
Velocity inlet : 11.6 m/s

Inlet Temperature : 240C
Outlet Static pressure
Catalyst Porous Media

Table 3 Operating conditions of mixed-evaporator length

variation
Inlet mixed-evaporator . Outlet
. Diameter
velocity length (mm) pressure
(m/s) (D) (Pa)
1.0
3.0
3.5
4.0
11.60 4s 300 0
5.0
6.0
9.0
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Fig. 5 SCR reactor model of mixed-evaporator length
variation.

Without bent
Flow uniformity : 76%

With bent(1.0 D)
Flow uniformity : 81%

With bent(3.5 D)
Flow uniformity : 83%
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With bent(9.0 D)
Flow uniformity : 80%
Fig. 6 Results of flow uniformity about mixed-evaporator
length variation.
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Fig. 7 Graph of numerical analysis about mixed -evapo-
rator length variation.

Table 4 Results about Flow uniformity of mixed-evaporator
length variation

Inlet mixed-evaporator Flow uniformity Flow uniformity
velocity length of 1st cata;yst of 2nd cata;yst
(m/s) D) (%) (%)
1.0 80.6342 90.1034
3.0 83.0474 89.5001
3.5 83.2947 89.2445
11.60 4.0 83.0391 89.1564
4.5 82.3521 89.1522
5.0 82.2766 88.9805
6.0 81.4302 88.5531
9.0 80.2316 87.2709

Out\et)

Fig. 8 SCR reactor model of mixed-evaporator degree

variation.
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Table 5 Operating conditions of mixed-evaporator
variation model

Inlet mixed- mixed- Outlet
velocity evaporator length evaporator degree pressure

(m/s) D) ) (Pa)
1.0 30
1.0 45
1.0 60
3.0 30
3.0 45
3.0 60
11.60 S0 20 0
5.0 45
5.0 60
9.0 30
9.0 45
9.0 60
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Table 6 Results about Flow uniformity of mixed-evapo-
rator length and degree variation

Inlet  mixed-evaporator Flow uniformity Flow uniformity
velocity length & degree of Ist catajyst of 2nd cata;yst

(m/s) ()] (%) (%)
1.0 30 77.0732 90.0813
1.0 45 78.4553 88.2927
1.0 60 79.7561 89.4309
3.0 30 78.2114 87.6423
3.0 45 80.5103 88.5366
e 30 60 81.4634 88.7805
5.0 30 80.0813 88.0488
5.0 45 80.5691 88.374
5.0 60 80.6504 88.9431
9.0 30 77.9675 87.6423
9.0 45 78.6992 87.3984
9.0 60 79.2683 87.1545
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