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Effect of NH3 Uniformity Index on SCR System According
to Urea Spray Characteristics
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Abstract

Diesel engines have the advantages of higher thermal efficiency and lower CO2 emissions than gasoline engines, but have
the disadvantages that particulate matter (PM) and nitrogen oxides (NOx) emissions are greater than those of gasoline
engines. In particular, nitrogen oxides (NOx) emitted from diesel engines generates secondary ultrafine dust (PM2.5) through
photochemical reactions in the atmosphere, which is fatal to humans. In order to reduce nitrogen oxides (NOx), pre-treatment
systems such as EGR, post-treatment systems such as LNT and Urea SCR have been actively studied. The Urea SCR con-
sists of an injection device injecting urea agent and a catalytic device for reducing nitrogen oxides (NOx). The nitrogen oxide
(NOx) reduction performance varies greatly depending on the urea uniformity in the exhaust pipe. In this study, spray char-
acteristics according to the spray hole structure were confirmed, and the influence of spray uniformity on spray characteristics

was studied through engine evaluation.
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Table 1 SHP, MOP spray hole structure

Table 2 CAE & Test condition for spray characteristics

;A =7 7HAE | v g3 54
B aJele 5 bar 5 bar 5 bar
E XA 7+ 5 ms 5 ms 5 ms
_ aus 32.5
AlE G 2 ALe aus 32.5 aus 32.5
FHE /| A/ e/ e/
4 o 71 % o 7] St o 71%
20~100 mm
=X 9] % - -
SIChik (20 mm7+2)

SHP spray hole structure

spray hole

valve seat

_—r SHP (t=0.2m)

MORP spray hole structure

spray hole

valve seat
MOP (t=0.1mm)

Support plate

molten solid urea HHS A3 T). liquid spray par-
cel sizee Algol|A =3 ¥ PDPA (Phase Doppler Parti-
cle Analyzer) A3= |83l dropletA o] =& cumulative
volume fraction® = $Hitate] ¥ 7102 ARE-3IS]
o, 94 WA Fsge yHEA dor
spray dl4ol= 24U Z = taylor analogy breakup (TAB)
< AREEIATE E A S 918 2712 Table 29} 2T

2.3 Al Qil ol I:g-tH
224 JAHY £ 54 5 AT S
o] Fig. 13} 7Fo] &7} 2k (photron, fastcam)e} wlE
getol FxE TP SE AR E P
AAENA EALE = 245 HAH vy 2
43871 918t Fig. 29 2ol 91 =& 4 #4

@“ O Regulator
@---
1
1 -
1 J—
- _H_\ ! Datastorage
Urea supply
B | - Signal line
lﬁ_l = = Gas supply
Urea tank

Urea injector

Metal-halide lamp

High-speed camera  Signal controller

Fig. 1 Schematic diagram for spray visualization test
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Fig. 2 Schematic diagram for spray droplet test
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Table 3 Engine specifications for uniformity index test

g5 w8
Displacement 1,998 cc
Cylinder No. 4

Type Turbo diesel (VGT)

Max. power (ps/rpm) 181 / 4,000
Max. speed (rpm) 4,600

Max. torque (Nm/rpm) 360 / 2,000~3,000

Emission certification euros

Mixer type

i
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Fuel—®:

Air

Urea injector

Cleaner

SCR ]_?

T T
Exhaust Gas
Analyzer (FTIR)

Fig. 3 Schematic diagram for uniformity index test



Table 4 Test condition for uniformity index characteristics

Engine o(pEe(r;t)i;g points EOP #1 EOP #2
Engine speed 2,000 rpm 3,000 rpm

Exhaust mass flow rate 248 kg/h 486 kg/h

SCR inlet temperature 345°C 340°C

Measuring point on
exhaust pipe
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Fig. 4 Test result of spray characteristics (Exp., Sim.)
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Fig. 6 Test result of spray atomization
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Fig. 7 Test result of uniformity index
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Fig. 8 Test result of NOx reduction ratio
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