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Comparison of test results with numerical flow

analysis of SCR system in Kaya ship.

Xu Fengren

Department of Control and Mechanical Engineering, The Graduate School,

Pukyong National University

Abstract

In order to regulate emissions from the ship sailing around the world by
international agreement, it's regulations have tightened up recently by the
maritime environment protection committee of International Maritime
Organization. TIER I was enforced in 2000, TIERII was enforced in 2011 and
TIERII on only emission control area was enforced in 2016 according to the
amendment MARPOL 73/78 convention for NOx. As the reduction aim at NOx
emitted on TIERII is to be decreased by 80% comparing with TIERT,
achievement in reduction of NOx by engine’s own technologies is hard. An SCR
receives attention as realizable technology.

In previous research, flow analysis about SCR system in training ship KAYA at
Pukyong national university was accomplished by CFD for optimal design. Urea
injection and a chemical reaction were not considered. In this study, components

like NHs, NO, O, H20O, N2 and CO2, and temperature distribution of exhaust gas



in the SCR system are analyzed by CFD to consider them. As the result, NHs,
NO, and Oz are decreased but H2O, Ng, and CO2 are increased after catalysis
because urea solution is added and react with them. The temperature distribution
by CFD is slightly different from the experimental data, it's a trend which

increase and decrease are similar.
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4) oy wd 24
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= Table 13} 7¥o] =35},

Table 1. Coordinates of::'ilé;CR system modeling
L k<3 o

Fig. 4. Modeling of SCR system of KAYA ship

ey

Unit N\ | 4> X Y z
e S TRO. >
1 0 mm =800 mm 1950 mm
2 0 mm —2600 mm 1950 mm
3 =800 mm —2600 mm 1950 mm
4 —800 mm —800 mm 1950 mm
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SCR Al&~®19) |l AAlzds 2gshr] Sleid= v 7] 7ks

o A% % TAQE 1 V8 AR ASE SRlselo} dtt. JhokE

o] olo] Witk o] W] WiZ|7kA £EE 340C, W77k H5E 8m/s
ek w717k We] ZF Ao EdFE M o) 71A AdHe) wEds &
§3to] wW717kA0) AFE 4 WHA Hel od Aibste] A R
utet Ag kit
pM = pRT (3.21)
Ao A Rz 714 Aol il 8.314]/mol-Keltt.
w717k~ 0] A agslA] A2 A (3.22) 8 A
Qm,ext = pvmr? (3.22)
Zhors 7] Az e #A#E dolHE B8l mi77kae] ARk
HE Quents 0.3374kg/s O 2 8t

FHE A

-

A% WEAe 4 (3233 2k

o

<]

=

_ 273+C L 3/2
w= o~ Grp) (3.23)

Aol A #9=1.7110"Pa/s, T=723.15K, C=111K tlelslo] 7|7}~ &
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A% 1£=3.05%x10"Pa/so|t}.
wZE YT golEX = 4 (3.24)E T8kt

Re = % (3.24)

24 D wl7]1# AE2Z 0.30m, HolHE tidste] 8t Re=
46922.1% 80001t Z7] wjZol wi7]7kE W fsolth
w717k R AR 4 (3.25)F 8 T3t
I =0.16Re~1/8 (3.25)
delHE vigletd 1=4.17%7}F Hoh,
W+ %o A (Turbulence Kinetic Energy) 9+ ¢-F2 o] & (Turbulence
Length Scale) = 722t t=9] A8 WA ol v+ = St
k== (vl)? (3.26)
l = 0.07L (3.27)
2 T L2 w7 Ago® goje o= Qi oy E tidehd k=0.167,
1=0.04179] #to= Hejert.

?1e] d3E gelsto] Table 291 £t
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Table 2. Entrance boundary conditions of SCR system

e NO H»0O Oq COq N
Az B8% | 0.000755 0.081 0.1745 0.0489 0.695
A% 4% T 949 w7l % £ A% w7l U%

kg/s Pa K g/mol kg/m®

A W7 | 03374 | 101325 | 613.15 98.67 0.597
4R %

A w7l 4% o FY g | U7 AR L(:ﬂTLﬂ;O

m/s Pa/s m % 9, 9

m°/s

8 3.05x107° 0.3 4.17 0.167

3.22 &7 ZAA %9 ¥4H A

Aok (static pressure) &2 ¥ tf7|t 101325

s
Q
L
i
o
ol

v

1%

S A0 200w AR,

& 40%9 FE&HOR SCR A|~H
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Tab, 3.2 Parameters of nozzles model

Variables Unit Value

== 9A mm X=0, Y=-1200, Z=1950
FAF Hkek - X=0, Y=I1,Z=0

T T N 1

Ty Ae mm 0.5

BAb Z¢ degree 45

4 F 8 7% kg/s 6.37x107"

A &5 IC )

A HE m/s 20
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Fig. 5. Mass fraction of NH3 on surface of SCR system without reaction

Fig. 6. Mass fraction of NH3 on cross section of SCR system without reaction

29



6.92e-04

5.86e-04

5.81e-04

6 76e-04 —
6 71e-04 o

6 65e-04

6.60e-04 »

6.55€-04 e @
6.49¢-04

Fig. 7. Mass fraction of NO on surface of SCR system with default parameter

Fig. 8. Mass fraction of NO on cross section of SCR system with default parameter
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Fig. 9. Mass fraction of NO on surface of SCR system with optimized parameter
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Fig. 10. Mass fraction of NO on cross section of SCR system with optimized parameter
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Table 4.9 7 setvlele] 7]8zkst H45ke Uepic) o714 Zae
HAGe Table 5.9 e NO 2480] 7lobs SCR Al~He] 48 2

Hgkell ARk s ouldith webd Table 4.9 HA s vfgo= =

Table 4. Comparison of parameters between default and optimized value

Parameters Default value Optimized value

Pre—Exponential Fas:tor of Ammonia 18 35 le+15
pyrolysis

Activation E.nergy of Ammonia 100 100
pyrolysis (j/kgmol)

Pre—Exponential Factlor of 9 56405 9 56405
Isocyanate hydrolysis

Activation En.ergy of Isocyanate 6.29%6+07 6.29%0+07
hydrolysis (j/kgmol)

Pre—Exponential Fac?tor of standard lei15 50+13
SCR reaction

Activation e.nergy. of standard SCR le+08 6.50+07
reactions (j/kgmol)

Table 5. Comparison of denitrification rate according to each value

NOx in NOx out Denitrification rate (%)
Default value 0.000755 0.000666 11.93
Optimized value 0.000755 0.000112 85.16
Test value 0.000755 0.000114 84.92
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Fig. 11. Picture of SCR system in Kaya ship

Fig. 12. Schematic diagram of experiment
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Fig. 13. Mass fraction of NH3 on surface of SCR system with reaction

Fig. 14. Mass fraction of NH3 on cross section of SCR system with reaction
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Fig. 15. Mass fraction of H>O on surface of SCR system with reaction

Fig. 16. Mass fraction of H20 on cross section of SCR system with reaction
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Fig. 17. Mass fraction of O, on surface of SCR system with reaction

Fig. 18. Mass fraction of O2 on cross section of SCR system with reaction
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Fig. 19. Mass fraction of N, on surface of SCR system with reaction

Fig. 20. Mass fraction of N, on cross section of SCR system with reaction

40



Fig. 21. Mass fraction of CO2 on surface of SCR system with reaction

Fig. 22. Mass fraction of CO; on cross section of SCR system with reaction
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Fig. 23. Temperature distribution on surface of SCR system with reaction

Fig. 24. Temperature distribution on cross section of SCR system with reaction
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Fig. 25. Exhaust gas temperature on SCR system according to time
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Fig. 26. Comparison of exhaust gas temperature on SCR system between

experimental and CFD data
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