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Development of NO,/NOy Ratio Estimation Model for
Urea-SCR System Application on Non-road Diesel Engine
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Abstract

The current emission regulations, US Tier-4 and EU Stage-V, are only able to satisfy the regulations when all currently
mass-produced emission reduction technologies such as EGR, DOC, DPF, and SCR are applied. Therefore, in this study, for
the application of the Urea-SCR system to non-road diesel engines, the database was established by measuring the NO, NO,
concentration and calculating the NO»/NOx ratio based on the catalyst temperature and exhaust mass flow rate. Also, based
on the measured NO»/NOy ratio data, a mathematical model was proposed to predict the NO»/NOy ratio at SCR catalyst, and
the suitability of the model was verified through steady-state and transient mode. As a result of comparing the NO»/NOy ratio
measured at the DOC outlet under the steady-state condition to two model values separately, the R> was 0.9811 for the 3D
map model and 0.9303 for the mathematical model. And in the case of the NO»/NOy ratio measured at the DPF outlet, the
R? was 0.9797 for the 3D map model and 0.935 for the mathematical model. It was confirmed that the R? with the model
value of the 3D Map of the mathematical model in the transient mode is 0.957, which shows high reliability.
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Fig. 1 Schematic diagram of the engine test bench

Table 1 Specifications of the test engine

Engine type 4-stroke CRDI Diesel
Number of cylinder 4

Bore x Stroke (mm) 103 x 115
Displacement volume (cc) 3,833
Compression ratio 17:1

Max. power (kW/rpm) 74.5/2,200
Max. torque (Nm/rpm) 442/1,400
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Fig. 3 Photograph of the After-treatment system Fig. 5 Engine speed & torque of engine dynamometer test

Table 2 Specifications of the catalyst

DOC DPF SCR
Material Cordierite SiC Cordierite
Size (inch) 8§x53 8x8 8x53
Volume (L) 3.29 7.6 4.37
Cell structure 400 cpsi/4 mil 300 cpsi/12 mil 400 cpsi/4 mil
PGM Loading 25g/ft 5g/ft° -
PGM ratio Pt:Pd = 4:1 Pt Only -
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Fig. 7 NOx concentration according to the Exhaust gas
temperature & mass flow rate at DOC inlet

>4

il
7FshH, NO= 4ol ok 72
A} AR} Abol ] HE-gof
Ao FHETH®),
Fig. 99] NO, T+ DOC Ak F7bo wet 7
] A=

ashs AFE Bl AL FAT 5 9lov, of

Al
s Ad= 7] wiw

-=--Exh_mass_flow_125kg/h_ NO

-=--Exh_mass_flow_200kg'h_NO
-=-Exh_mass_flow_300kg/h_NO
-<==-Exh_mass_flow 400kgh NO

--=--Exh_mass_flow_150kg’h_ NO
Exh_mass_flow_250kg/h_NO
--=--Exh_mass_flow_350kgh_NO

800
Measuring point : DOC inlet

E 600 p
)
=
S
B 4
g 400
=
S
o)
e

200

0
423 523 623 723 823

DOC Inlet Temperature(K)

Fig. 8 NO concentration according to the Exhaust gas
temperature & mass flow rate at DOC inlet
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Fig. 10 NO2/NOx ratio according to the Exhaust gas tem-
perature & mass flow rate at DOC inlet
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Fig. 11 NO concentration according to the Exhaust gas
temperature & mass flow rate at DOC outlet
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Fig. 12 NO, concentration according to the Exhaust gas
temperature & mass flow rate at DOC outlet
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Fig. 13 NO2/NOx ratio according to the Exhaust gas tem-
perature & mass flow rate at DOC outlet
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