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Aftertreatment Simulation Strategy, | AV L

= Reduction of Diesel Engine Emission

£ Drive Cycle
Pollutant Formation e.g. NEDC, TP, ..
Nehice Simulation
Passenger Compar

Linderhood Elow

- -
. . . load signal” / torque
Engine Simulation ¥

Sboost  [tv]

Combustion Cigs Dhvnamie

® ¢ o
3 # Goar Bo

@ # Single Riatio Transmission
oyt hes!

P == wall heat flux rall temperature
) Thermal Network

Heat Sources Coolant Circutt

Structure

Ol Circuit
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Aftertreatment Simulation Strategy, I AV L

BOOST 1D standalone

BOOST 1D coupled with engine

BOOST 1D coupled with engine and vehicle
BOOST 1D as s-function in Matlab/Simulink
FIRE 2D/3D standalone

uole.ibalu|

Diesel Oxidation Catalyst

Diesel Particulate Filter (DPF, CSF)
Selective Catalytic Reduction (SCR)
NOXx Trap Catalyst

Three Way Catalyst

uolneolddy

Use BOOST 1D Aftertreatment as Platform
User Coding Interface allows 100% Access to all Feature

Auqixal4

CLEERS, Dearborn, May 2007 | Page 4
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Aftertreatment Simulation Workflow

Start

A 4

YN Model

AVL

y

Y Solver

User-Defined
Objective
(i.e. based on
experimental
data)

A 4

__hogost

Post-Processor
Check Objective

h9Qqst

1D Simulation

Component/
System Level

Yes/No

3D Simulation

Component/
System Level

_Shoost

DOE, RSM

Optimization

|

_eryise

Vehicle Simulation

Simulink®
Matlab/Simulink

Vehicle
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DOC Kinetic Model AV L

= AVL BOOST/FIRE pre-defined DOC kinetic model
CO —|— 1/202 — C02
CBHE, T 9/202 — 3C02 —+ ?)HQO
CBHS I 502 — 3C02 —+ 4H20
2NO + Oy +—— 2NOs

= extended by:

CBHE, —+ Me « C‘gHE, (1\/16)

. —A
r = Ag - exp ( T4> ' Aspec ' (yHC — yHC,eq)

YHC => actual mole fraction
YHC ,eq = equilibrium mole fraction

CLEERS, Dearborn, May 2007 | Page 7



DOC Kinetic Model: HC Storage AV L

= Langmuir Isotherm:
. YHC eq
Al - exXp (_;}2) 4 YHC,eq

#HC,eq — #HC,max (T)

S
c
2
o
o
=
W
=)
@
|-
2
o
O
=
S
7
O
I

temperature (degC)
HC gas mole fraction (ppm)
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DOC: Model Parameterization using Light-Off
Dats AVL

= Parameter identification using DOE in combination with

direct optimization tools

co NO

1 D‘D | i et g 10‘0 2 A
rE’v — Simulation
; Experiment

'-‘l
o
|
o
(=]
|
n c;'/o)
4
I3
|

Overall Conversion (%)
] [9))
[8)] o

L | L L | L L L L

Overall Conversion (%)
o
]

—_

~

(8]
|

Qverall Conversio

4

P P S R = . L R T P = O PSP s ] L S I
400 800 1200 1600 400 BOO 1200 1604 0 400 800 1200 1600
Time(s) Time(s) Time(s)

Adsorption Oxidation
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DOC: Influence of HC storage on a NEDC cycle AVL

simulation

= Passenger Car NEDC cycle test

0
0
m

=

8
m

=
E
e |
9

=t

HC

Measured In

Model w HC Stor Out
Model wi/o HC Stor Out
Measured QOut

L 2 N L B P
0 200 400 600 800 1000
Time(s)

300

225

0+

Catalyst Temperature

A

Catalyst Inlet
Catalyt Qutlet

R L A
0 200 400 600 800 1000
Time(s)

0.018

2-0.0135

ge

0.009

Surface Covera

0.0045

0 -5

Adsorbed HC

Axial Position
Axial Position
Axial Position =

L P T Tl
0 200 400 600 800 1000
Time(s)
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SCR, V-HSO System

SAE 2005-01-0948:

AV L

(Wurzenberger and Wanker, AVL)

= Steady-state kinetic model validation

= Transient kinetic model validation

= Component level simulation

= System level simulation

SAE 2006-01-0643:

» Urea spray model validation

(Birkhold et al., BOSCH)

= Wallfilm model validation

= Evaporation and th

CLEERS 2006:

erm

olysis

5 reaction model validation

(Masoudi, BOSCH)

= ,BOSCH Urea Dosing Approach for Future Emissions
Legislature for Light and Heavy Duty SCR Applications*

CLEERS, Dearborn, May 2007 | Page 12




Progress in SCR spray simulation AV L

Advanced Simulation Technologies

multi-component evaporation
urea/water mixture properties
thermolysis

hydrolysis

multi-component evaporation
heat conduction in solid walls via lateral heat conduction

heat transfer between droplets and wall

wall temperature dependent splashing model

3 May, 2007 | Page 13




Multi-component evaporation model with integrated
urea thermolysis AVL

Advanced Simulation Technologies

= Based on Abramson/Sirignano single component model with balances
for mass and heat transfer in gas film around drop

A
E s Nu*ln(1 + By,)

= m; =27, TPy Dia Sh¥ln(l+ Bn:)

N

= Coupled equations for mass transfer o=y 1,

and heat flux entering the drop solved
with iterative procedure

= Arrhenius approach for thermolysis:|="urea

= Evaporation
H,00 — H,0(g)

» Thermolysis | NH ) ,CO(sorl) ——==>*>-NH _ (g)+HNCO (g)

HCNO (g)+H,0(g)—NH (g)+CO , (g)

= Hydrolysis

3 May, 2007 | Page 14




Testcase with 30000 cells ( 65 kg/h , 10 mg AdBlue per pulse)

mass fraction [-] and 3MD [m]

Mass balances
Testcase with wallfilm {intermediate grid with 30000 cells)

Case_Z:TI_0.364:SprayDropletelocity[mss]

AV L

Advanced Simulation Technologies

Case_2TI_0.364:FlowTemperature[K]

T
i 1
injected mass 1

{Z—Ievaporated mass spray
remaining mass spray

F——ix remaining mass wallfim
evaporating mass wallfilm

time /s

HGCG NGO, NH3 and SMD evolution
Test case with wallfilm {intermediate grid with 30000 cells)

R

i

i
Z— HCNG
E—a NH3

Sauter mean diameter

24.999

Case_Z:TI_0.364:5pecies:Mole_Fraction_MH3[-]

578.15

0.00033391
0.00035332
0.00031393
0.00027934
0.00023935
0.00013335
0.00015396
0.00011397
7.9982e-05
3.99391e-05
0

@
iy
Y

[ TIT7
7 ,"‘:“é\\\\
N
oot

~4i
Vgt
> ,II',,,Z

Case_2Z:TI_0.364:Flow:Velocity[mss]
17.043

15.339
13635
g
10226
8.9216
68173
5113
34086
1.7043
0

R
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,"'llll,,}"lll|!\!\.\\\\\
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Spray Calibration AV L

SprayDroplet:Diameter{m]
23e.04 :

Spray Angle and Pattern is Adapted to Spray Box
Measurement

CLEERS, Dearborn, May 2007 | Page 16




Urea Distribution Study | AV L

Investigation of urea vapor distribution during

steady-state operating conditions

» Impact of different pipe/injection geometries

Urea droplet size and distribution

CLEERS, Dearborn, May 2007 | Page 17




Urea Distribution Study I y. (4"

Investigation of urea vapor distribution
during transient injection pulse

» Impact of mixing device

CLEERS, Dearborn, May 2007 | Page 18
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AVL

Loading of Asymmetric Channel Structures

Type Specification

OC1| | OC2| gquare Cell (SC)
Octo-Square Cell (OC)

DPF Type Specification 4 Square Cell DPF - General DPF

— Sguare Cell and Asymetrical Cell DPF
Cell Density (CP3I) =00 i~ Diameter 1 f1.5242?41 mm

Wall Thickness ED.SEIBE! mm Ciameter 2 [1.2702284 mm

n
- -

Pressure Drop of Loaded DPF

W Enable Asymetrical Channel Diameters

Ratio of Channel Diameters [1.2 [

Pressure Drop of Empty DPF

1e— 3C simulation
{—— OC1 simulation
| OC2 simulation

. SC simulation
| ——— OC1 simulation
| — DC2 simulation

SC experiment
OC1 experiment
OC2 experiment

SC experiement

co
=
=
=

OC1 experiment
OCZ2 experiment

EDDD{

pressure drop(P

ADDD{

>
OC has lower Ap

2 3
soot loading

Experimental Data: SAE-2005-01-0949, Ibiden
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Loading and Ap due to Depth/Cake Filtration AV L

Pressure Drop Split into Depth Soot Mass Split in a Depth and
and Cake Portions Cake Layer

1 ——— EX-47 depth filtration layer
EX-47 cake layer

—— EX-BB depth filtration layer
EX-BE cake layer

op(P
— —
1% P
[ [
[ [
o o

|

re dr

— EX-A47 simulation
— EX-BB simulation

o EX-47 experiment
\|:| EX-BE experiment

[
=
=
=

=
wl
Wl
2
o

I
o
S
o

=

— —
B0 70 8O 80 100

Experimental Data:
SAE-2000-01-1016, Transition Soot Loading is Assumed as

Konstandopoulos Depth Filtration Threshold
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Summary AVL

’:-!-!-Gu v' Catalyst and DPF Models
- fire v'robust solvers

eruise v validated models for DOC, SCR, DPF,...

v automatic parameter identification (DOE
and optimization)

v Integration of Aftertreatment Simulation
v’ standalone 1D and 3D

v engine combustion and pollutant
formation fully integrated with exhaust
line and reactive aftertreatment devices

v’ vehicle + engine + emissions (measured)
linked with exhaust line and reactive
aftertreatment devices
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