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NH, : ¢=yo}
PM (Particulate Matter) : YA} &2

SCR (Selective Catalytic Reduction) : A&}z 39 Zvj
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NSR (Normalized Stoichiometric Ratio) : NH;/NO, &H]

PWM (Pulse Width Modulation) : E % Hx

DCU (Dosing Control Unit) : Q4 58 A AEE {4
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2. (5-7)

1) Standard SCR ®F-&
ANH; + 4ANO+ O, —» 4N, + 6 H,0 (2.4)

2) Fast SCR Hk-&
ANH, + 2NO+ 2NO, - 4N, + 6H,0 (2.5)

3) Slow SCR ®k&
4NH, + 3NO, - 3.5N, + 6 H,O (2.6)

4) NH; 4A+Hg}uk-g-
ANH, + 30, = 2N, + 6H,0 2.7

2] (2.4)9] Standard SCR ¥Wr3-& Hj7]7}29] NO,o $H%F F NO7}
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2003 =Y BoschAlel 844 FEAx 27|EZde NOy AddsS
AxWA A ETC RERZ AFstAct. 28y #d 52, 538 2dih
A Ao g dFol o] FoAXA Futh EF =dl ARgo 9% NOy
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Exhaust gas temperature " |
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Urea Tank
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2.1.1 Urea Dosing System

B dAFoie 845 EAE Aojstn A8 HoHE 47 Aste 84
SCR Al =8l& TAsAT. 218 2-2¢ A 2="e] Szl a3 Input/Output
7159 EEEE YEHdG. ol& TEshr] A Alejril DCUZ 19
2-37 o] AFEoew AAres @44 SCR Al2de] FHEZ 9
diel8 A3t Ael7t 7hs3sttt

Supply Module | CAN (J1930) / RS232
L il
— Fok M L2V /3
Pump (pressure} = 4 S CAM (11939) / 12V, 16A HNox Sensor
Pump (Back P (L2 7 38 Wpstream)__
| Flow) e ' Analog (RTD FT20000 Temp. Sensor
e —— Digital (12V / 2.58) i |_$'-.'E“.;‘£Eﬂ.__-|
o CAN (1939) / 12V, 164
A ——— . L Mox Sensor
(s Heatsr ) _Dighalazvs2om | | (Downstream)
\ T Dosing Ana TD FT2000]) Te T———
 UreaPress. | Analog (5V) Control = o : STEemMp.!Sen!!mm
Sensor Unit
. Moelog G3ky Ambient Temp.
Urea 3 /
__Concentration || Digital 2V /3.2
sog CAN (11939 B ﬁ-.m_)'
urﬁ L . - e
ital (12 £ 28)
| 0o +  Coolant Valve |
S22y arl
Urea Temp. PAM {12V 7 28) ko Urea Dosing

%

Fig. 2-2 844 SCR A]2¥ Input/Output &&=

Fig. 2-3 844 SCR Al2¥] DCU
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BAFE NOGE FE3 AQAZE FAO. NH, Slpel #AsA
astth webA SCR Eof Rol A WSste] A7 NOyo
¥} A7l BAF NH,o Fe sofste] HuF 2are ¥ BASE
Aol Fasth ol& 9a SCR Zu e 7 A %
ezt ok AW Qa5 BAFES DCUE ol &3] 43

Aol 225 EAF AMzAL g 19 2-4, 2-59 o).

QL
I
N
2
of

=
g3, DCU2

UWS Dosing amount control logic
(@ Feed Forward model

(@ NOx conversion rate controller

( . —— ] b @ NH3 Storage model
%e:Tsl.Jor signal acquisition logic (based on exp. Data)
@ Thermister
%“’r:;m:";ﬁir F/j_!m:tuatt:rr control logic )
\_ P ) @ UWS pump (high side PWM)
@ Injector (peak & hold)
o - N\ @) Cooling water control
CAN communication logic @) Electric heater control
(1 Engine ECU \_ (high side PWM) v
(Exhaust gas flow rate, RPM, Torque)
(2) NOx sensors . .
@ PC ) System Fault Diagnosis logic
\ - OBD(Low NOx efficiency alarm)
MIL/Torque Limit logic (option)

Fig. 2-4 7]& A=z 4
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-
Determination of UWS injection amount
\
4 N
Input Alpha ratio setting
-NOx concentration
-Exhaust gas mass flow rate (" ET
Determination of feedback factor
\_Exhaust gas temperature / |__| Alpha_feedback factor = (Nox_effi_target-
¢ Nox_effi_act) / NOx_effi_target*100
- " k#FEEDB»‘B\CK mode only
Calculation of stoichiometric NH3 flowrate .
M_NH3_st = NOx_uSCR*G_EXH17 / (29*60) Determination of NSR factor
L [mg/min] ¢ y i From 2D table (Exhaust gas flow rate, T_SCR)
' Y
Calculation of stoichiometric UWS flowrate Catalyst aging factor
M_UWS_st = M_NH3_st*60.06 / (34*0.325)
L [mg/min] J 'S
Determination of NH3 adsorption amount &
desorption amount
L

4

Calculation of required UWS flowrate
M_UWS_required = (Alpha+Alpha_feedback)*NSR_factor*AF_cat*M_UWS_st+NH3 adsorption-NH3 desorption
[mg/min]

Fig. 2-5 UWS At A4z A
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2.1.2 A7 AXAFE FX
Agol A8E AW Al DICA A& TAANOR AY B P =
2-19 Zth Are AW 475, wjr|F 3933cc ATHEE HAZHL
2500rpmell A 165PSe] Ad5g 7HXIth TY24 JAHZHE A&t HEAA
% FUTVNE WARGor, £E HAEEAE Agse] WAS Lxvt
UY5E oY EolAA YEE Y5t
Table 2-1 A3 Az A
Items F-Engine
Displacement 3933
Bore X Stroke 103 x 118
Cylinder type 14
General Compression ratio 17
Maximum power (ps/rpm) 150/2500
Maximum torque (kg'm/rpm) 59/1400~1800
Total weight (kg) 440
Materail of cylinder head and block CGI (Compacted Graphite Iron)
VALVE No./CAM type 4/0HC
Turbo type WGT
Fuel injection system Common rail
Emission system EGR+PMC
. Alternator (truck/bus) 70AH/80AH
Electeical system Starter 55 kW
Engine oil capacity (¢) (Oil pan/total quantity) 13.5/15
Agol A3 A7 FHA AL PFe ¥ 229 1Y 2-63 Pk AR

S8 A= Transient Cycleo] 71538 ACEHA S AH-833th

Table 2-2 A%l

YA A

5 AC =37

=9 120-220 kW

E3 255-525 Nm
A £ 12000 rpm
37 g4 2
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2.1.3 W&/t B4 A

719 Ad 2 4 x; 2-3%

1

SCR vl A/Fto] XA &7tz £2
a9 2-T3 2h wWEvtE 2471 A

%
NO, NOy, CO, CO,, 0,9 Fx2 =38 % 9t

Table 2-3 ¥i&7F2 £417] A

] THC, CH,, NO,
S8 VS 8% | o, co, co, 0
x O, COy, Oy

THC 0 ~ 20000 ppm
CH, 0 ~ 20000 ppm
NO 0 ~ 10000 ppm

==

wel NOy 0 ~ 10000 ppm
CO 0~10%
CO, 0~20%
O, 0~25%

Fig. 2-7 Wl&7}2 £47]
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Ao AEZ W77 ASPAX=  Euro 69 STAREX  AbEF
w71 g sl gxolt,  ALg® wir]Adst Ao SDPR(SCR-on-DPF, t©A
AGE ] NOy A3}8 SCR & I”HsIH HAs5s &9 7]€)9 SCRe
A8 vl Cu-Zeolite A9 FwlE, ofgl I 2-99F Zomn, AU
F 2-59] JERH AT

Fig. 2-9 SCR Zv}

Table 2-5 SCR = A<

Dimension Dimension
Al-&(mm) %0](mm) Al&(mm) | &=°](mm)
SDPF SCR Front 75
159 199.4 Rear 159 100
Cu-zeolite Cu-zeolite
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Table 2-6 A3

=¥

Case 1
HjZ7|17tA 2% 200C 225C 250C 300C 350C
15% 15% 15% 15% 15%
) 30% 30% 30% 30% 30%
U (1D BEITE 50% 50% 50% 50% 50%
50% 50% 50% 50% 50%
Case 2
Q" AR 10 25 50
Case 3
e 5 #ARE O eARE 0
(EEaEF A4 X) (BEAE=F A 0)
WHTC Mode
9 Cycle 10 Cycle 10 Cycle
Ay 3
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BAk719] PWM Duty Ratio 15%, 30%, 50%, 90%2] 470¢] ZAcAe <Az
MAAPS Bt 2 21o] vAE &S vustATh

ofg 18 3-l1olE NH; FF#HS wi7rts 2%, 84F9 TxH=E
Yet AT w717k 259 NHy §2Ee whld, 845 4 §%3%
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Fig. 3-1 NH, &%
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aY 320l AR F EAs= NHy Slip & WERHSIT NH,
Slip2 200C A& ALstar 259 IdFe Ao TA Fou, s=7}
71842 NH, Slip & =3 Z71stth 2000 A@Azte] 49 dubzel
SCR Systeme] 2= HT} ¥ 252 3ty thE 2o H|sle] 2F 7Y
e AZbo] arFHAoH, Zmjubgo] =gAl dojur] wZel Axrt
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O
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Abstract

A Study on Improvement of NOy Reduction rate of
Cu-Zeolite SCR Catalyst for Diesel Engine under
WHTC Operating Condition using NHsz Adsorption and
Desorption Model

Yanghwa Kim
Dep. of Construction Mechanical Engineering
Graduate School, University of Ulsan

Diesel engines are widely used due to their high efficiency. However, PM
(fine particles, particulate matter) and NO, (nitrogen oxide) emitted from
diesel engines are considered to be the main causes of air pollution, and
they are regulated by introducing emission limits. When comparing EURO3
and EUROG6, the width of emission regulations is increasing significantly. In
this situation, the SCR (Selective Catalyst Reduction) System that reduces
NO emitted from diesel engines is an essential element. Therefore, it is
necessary to study the injection model to improve the NO , reduction rate
of Urea Water SCR to reduce NO, by using urea water and to reduce NH,
(ammonia) slip.

In the Urea SCR system, the injection of excess urea water causes NH,
Slip and produces a solid precipitate. Therefore, the urea water injection
model optimized to prevent the formation of NH; slip and solid sediment is

an important factor in the study of the SCR system.
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This study was performed using Urea SCR system using Cu-Zeolite
catalyst.

Through engine bench experiments, the engine is operated at different
conditions of exhaust gas temperature and NH,; concentration. Exhaust gas
is measured using an exhaust gas analyzer and DCU (Dosing Control Unit),
and urea water injection is controlled.

Using the data from the engine bench experiment, calculate the effect of
exhaust gas temperature and NH; concentration, the reduction rate of NO,
the time and adsorption and desorption rate for ammonia adsorption and
desorption, the amount of urea water injection, and the amount of NH,
slip. The calculated results are compared with the previous studies, and a
new injection model is established based on the calculated results to
increase the NO, reduction rate while controlling the injection of urea
water so that NH; slip does not occur.

Compare the urea water injection amount, NO, reduction rate, and NH,
slip amount when the injection model is not used and when the existing
injection model is used. Using the newly established injection model, NO y

reduction rate is increased and NH; slip is minimized.
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