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Test procedure ESC, ETC and WHTC ESC, ETC and WHTC China Emissions (g/kWh)
Sulfur content 50 mg/kg 10 mg/kg | v -3_5;3_5”_2 ;
=05
NO, emissions 3.5,3.5and 4.2 g/kWh 20,20and 2.8 g/kWh 2 % PMJ| 002/003/003 3
= = _ 15/40/40] w
\(\% ° rzn {NM). 0.46/0.55/0.55 é
PM emissions 0.02,0.03and 0.03gkWh 052, 0.03 and 0.03 g/kWh 2
\Q@
[&]
NH; slip (SCR) 25 ppm 25 ppm o | Mo M 202028 |
ﬁ g 002/003/003 E
Fuel £5 E
Consumption & ol 53 15/40140| [
0.46/0.55/0.55 b
w
ESC 3 points NO, NO,
g o
H = [
In-service s e =
" PEMS (BdJ PEMS (BJ >m
conformity (BJ) (BJ) Sc §
£ %=
0 m [77]
Durability & N3 (>16t): 500,000 km & N3 (>16t): 500,000 km 2 z
=
OBD & (OBD Stage 1) & (OBD Stage 2) Generic view, no exemptions or phase in

requirements considered
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WHSC averaged WHSC power ~25% of max. engine power
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Engine Speed

Exhaust Tenp.

—_—

200 400 600 800 1000 1200 1400 1600 1300

Normalized | Normalized
Speed Torque Mode length (s)
Mode| (per cent) | (per cent) incl. 20 s ramp
1 0 0 210
2 55 100 30
3 B 25 250
4 55 70 75
5 s 100 50
6 25 25 200
7 45 70 75
8 45 25 150
9 55 S0 125
10 75 100 S0
11 35 S0 200
12 35 25 250
13 0 0 210
Sum 1895
hot WHTC - 86% weighted
1800 .
£ 1400 :
E i
= :
= 1000 -4
600 -+
400
300 -er
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SCANIA EUG6 13L

440 and 480 hp 12.7-litre Euro VI engines
fuel consumption of fuel equivalent to Scania Euro V engines

combined all the new technologies that Scania has developed in recent
years: EGR, VTG, common-rail high-pressure fuel injection (Scania
XPI, up to 2400 bar)

Compact insulated silencer design
Design DOC-DPF + 2x SCR-ASC

3-4% AdBlue consumption

370 & 410 hp as well as 16L V8
engines announced on |AA

Copyright © IDAJ Co., LTD. All Rights Reserved. 5 I
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VOLVO-EU6FEENH

HDEP, Eu6b products

HDE11 HDE13

10.8L 12,8L 16,1 L
[330..460] HP [420..540] HP [540..750] HP
Up to 2250Nm @ 1000rpm Up to 2600Nm @ 1000rpm Up to 3550Nm @ 950rpm

Slip-Cat o~ " Ra

Tth

injector
o

Mixing

| AdBlue Mixing
zone

Diesel Particulate Filter Diesel Oxidation Catalyst
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VOLVO EUG6 13L

D13K460, 13L, 460hp (2300 Nm)
Pump-Line-Nozzle injection (up to 2000 bar)

Non-cooled EGR
used at low load to heat-up system
turned off at elevated loads

: it Ny |
7" injector Slip-Ca s \ EGR Mixer
. . ] ‘ “‘ ‘ ] g
L ' : \ B ~’. e :.: \ -, : - £ \/‘. 5

2stage TC (Turbocompound)
Design DOC-DPF + 2x SCR-ASC

Fuel consumption “almost on par”
with D13C (EuroV)

Future engine expected
tO have C R Diesel Particulate Filter Diesel Oxidation Catalyst

EGR Valve

Copyright © IDAJ Co., LTD. All Rights Reserved.
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DAF 13liter EU6

12.9 litre Euro 6 PACCAR MX-13 engine with outputs of 300
kW/410 hp, 340 kW/460 hp and 375 kW/510 hp

Newly designed engine block for optimum stiffness and
integration

High pressure common rail fuel injection for injection pressures
of up to 2,500 bar

Turbo charger with variable geometry

combination of exhaust gas after-treatment technologies, such
as an SCR converter and an active soot filier

allow as much passive regeneration as possible

exhaust manifold, as well as the most essential parts of the
exhaust system, have been encapsulated.

A 7" injector, positioned behind the turbo and ahead of the soot
filter, has been added to the engine to switch to active regen

Copyright © IDAJ Co., LTD. All Rights Reserved. 8 I
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Cummins —EUG

6.7 litre engine range extends up to 310 ps for truck and coach
installations, and 280 ps for bus applications. Peak torque remainsia
1100 Nm. :

4.5 litre engine range extends 210 ps for truck and 200 ps for bus
installations, delivers a strong peak torque of 760 Nm.

cooled exhaust gas recirculation (EGR) with variable geometry
turbocharging (VGT)

SCR design uses Copper Zeolite technology for very high conversion
efficiency, even at low temperatures. The CPF system will manage
re-generation events without the need for driver intervention.

The airless Adblue dosing nozzle is integrated in the system for
improved reliability and durability.

Copyright © IDAJ Co., LTD. All Rights Reserved. 9 I
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North American Truck- ISX15 And I1SX12 Engines

Aftertreatment Extended Coverage

The coverage includes Cummins-supplied aftertreatment
components, including:

M Diesel Oxidation Catalyst (DOC), Diesel Particulate
Filter (DPF) and SCR assemblies

B Hydrocarbon dosing system

M Diesel Exhaust Fluid (DEF) dosing system
B Aftertreatment controls

Copyright © IDAJ Co., LTD. All Rights Reserved.
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R B < R A

WP10-EGR+DOC+DPF+SCR+ASC WP7-EGR+DOC+DPF+SCR+ASC

Copyright © IDAJ Co., LTD. All Rights Reserved. 11 I
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Copyright © IDAJ Co., LTD. All Rights Reserved.
T




Your True Partner for CAEsCFD |CSC42015

GTE 45 K& = 2 b4~ 48




5
CTHRE R EIREN A

CTEAEELO ALY AN AERAERG%:
ABPLE R M

CSERXERBAXNARA R
XHAPFEFHOELRENERN, FRAIBRAEFHEXK
‘License 5GT-power#a R, RE EH I FEFT
PR EOE:

*TWC — Three Way Catalyst

*DOC — Diesel Oxidation Catalyst

*SCR — Selective Catalytic Reduction

*LNT — Lean NOx Trap

*DPF — Diesel Particulate Filter

*CDPF/CSF — Catalyzed DPF, Catalyzed Soot |
*SCR-F — SCR coated Filter/DPF
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AdBlue Nozzle EGR Valve

Diesel Particulate Filter Diesel Oxidation Catalyst
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B M FEMMA-IEF TIE

- AP T GE AR @R R AL, AR S BUR I X ] AT T4 R

- AP AE Em AR
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Incude | Assodated Reactants Products Pre-exponent | Temperaturg Activation Temperature | Concentration Expressions § Coverage

Reaction] Site Element Multiplier Exponent or Energy Expressions

kcal fkmol =

Zeclitel Z14+NH3 L, ZINH3 . 0,857 ... 0. 0. MNH3} L. AT ...
Zeolite1 ZINH3 L. Z1+NH3 L 13.252 ... 0. 0. G(1) ... A(2) L.
Zeolite1 .. A7INH3 +302 | N2 +e6H20+471 )  3.04E+08 0. 42470 . T024+0,5%G(2) 0.5 ... Al L.
Zeolitel | 47ZINHI +4N0 +02 |  4MN2 +6H20 +471 ] 1.69E+05 . 0. 11640 | {NOY=[023~0.5%G(2)... .. Al L.
Zeolitel .. MO +0.502 .. MNO2 .. 233 L., 0. 7420 | NOPHOZ0.5%G(2)... ... 1.
Zeolitel | J4Z1NH3 +2M0 +2M02 | 4MN2 +6H20 +471 ]  A53E+H1S 0. 27020 INOZY=NGE e
Zeolite1 |, BZINHZ +6N02 | 7M2 + 12H20 + 871§ O7.28E+11 . 0. 30000 . NOZY L. el
Zeclite? . Z24+NH3 ZINH3 . 40 ... 0. 0. MNH3} L. A3) ...
Zeolite2 Z2NH3 ... Z2 +NH3 . 19731600 ... 0L 22044 1. A L.
Zeolite2 ., 47INH3 +302 .| N2 +eH20+472 )  3.04E+08 0. 42470 I0240,5%G(2) 0.5 ... ald) L.

XHZEMAEBN, X3JEArrhenius rates

Site Element Mame

PGM:l cerium:' barium:l barium_lnwgl

Site Density Option %1

Active Surface Site Density  malfm~3 -

ian ... a0 ...

14 ...

14 ...

Ammonia desorption rate,
function of NH, coverage, A(2)

Dispersion Factor
B

R

ian ...

[

ian ...

Site Density Option #2 —
Loading of Site Element gfft~3 - 113;.I ign ian ... ian ... 6 NH3 *
Atomic Weight (g/mol) ign L. ign L. exp(-39564. 2/3.314/T*(1-0.39%A(2)))

Copyright © IDAJ Co., LTD. All Rights Reserved.
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Catalyst and Particulate Filter Modeling Overview

XFEMANRBXAERANERERE

Haatat_ C&ntral_ DOC_Samp_and_BRiss
_ Signal —

b3 : z:<| (@] () o] - B
tnlet C . Cone EHC Outlet Cone
DOC_Cat
Electrically Dleéel Oxidation

‘Heated Catalyst (;%ltalyst with low
& Controls temp HC storage

ADC_Kinekicy | SCR_Reactions
! —} N\ =1 g ) =
£ ) = J @] = (] H ™ — B= T — O A
cona_out 7 qap » cona_in
Catalyst-1 1  SCR_Cat

Ammonia Selective Catalytic
Oxidation Catalyst Reduction

Copyright © IDAJ Co., LTD. All Rights Reserved.
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ey R EAERER - Example Models

GT-SUITE& R X e F FRA-F—HMHF
R ERXBEEEANA

HE NPT R TFLHGR SN AR
ATFTXHREESRTTARZ, AP TRAER
Fh_E i 3 T8 2

2D_AND_3D_MODELING
AOC
CatalystBrick_Pressure_Drop
DOC

DPF

Engine+Aftertreatment
GaseousReactions

GPF

LNT
QS_split_flow_FlowCircuitSplitter
SCR

SCR-F

TWC

Urea_Decomposition

N N N N N N N

POCROROROROO QO

Copyright © IDAJ Co., LTD. All Rights Reserved. 17 I
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Diesel

®

Reducta

DOC

SDPF

SCR2

St AT B B 6 RO ) 7] F LR AR N\ 2| %/~ “SurfaceReactions™ AR ¥
- 3F R 69 % B Fo BORL T ACRR 1

- BRRIRF RAE &S

)42 : an SCR-coated AOC

Pt, 10 micron thickness

Substrate

Copyright © IDAJ Co., LTD. All Rights Reserved.
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Attribute Induc_le Mat&d Reactants Products
Reaction | Site Element

Unit

1 Zeolite Z1 +NH3 Z1INH3
2 [#] Zeolite1 ZINH3 Z1 +NH3
3 [¥] Zeolite1 4Z1INH3 + 302 2N2 +6H20 + 421
4 [#] Zeolite1 4Z1INH3 + 4NO + 02 4N2 + 6H20 + 421
5 [#] Zeolitel NO +0.502 NO2
6 Zeolitel | 4Z1INH3 + 2NO + 2NO2 4N2 + 6H20 +4Z1
7 [¥] Zeolite1 8Z1INH3 +6NO2 | 7N2 + 12H20 +8Z1
8 [¥] Zeolite2 Z2 + NH3 Z2NH3
9 [¥] Zeolite2 Z2NH3 Z2 +NH3
10 [¥] Zeolite2 4ZINH3 + 302 2NZ + 6H20 + 422
11 Zeolite2 4Z2NH3 + 9NO + 02 4N2 + 6H20 + 422
12 [¥] Zeolite2 | 4Z2MH3 + 2NO + 2NO2 4N2 + 6H20 + 422
13 [¥] Zeolite2 8Z2NH3 +6NO2 | N2 + 12H20 + 822
14 [#] Pt 2NH3+1.502 N2+3H20
15 [#] Pt 2NH3+2.502 2NO+3H20
16 Pt 2NH3+2NO+1.502 2N20+3H20
17 [¥] Pt NO +0.502 NO2
18 [¥] Pt 2NH3 + 2NO2 N2 +N20 + 3H20

[

o

eactions ‘
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PN -Y YR T X!

B 89 & @ E AR XL AR E1 AR E2
& FlTurnover Number reaction rate units, XM R FiZR#E5 % @iEN{LiEREK

Object Comment: | Add Long Comment. ..

Part Comment:

«# Main | «# Solver Options | < Site Elements | «# Coverages A{l) | «# Reactions | <#* General and Inhibition Functions G(i)

Attribute Unit 1 2 3 4
Site Element Name Zedlite1],..] Zedlite2|...] Pt[...] [ced]
Site Density Option #1
Active Site Density molfm~3 - 115[...] 25)..] ign|...] [ced]
Site Density Option #2
Loading of Site Element |g/ft™3 - ign D ign D 10 D |;|
Atomic Weight {g/mal) ign|...] ign ... 195/...] [ced]
Dispersion Factor ian ] anll 5[] [
2nd Layer Location ] [ ( ) [

Copyright © IDAJ Co., LTD. All Rights Reserved.
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I ENE B AR HL

PANEALF] E AR E 2 /EWal | TempSolverAT# & 3L
- Washcoat layer 1 5ifii# P &9 A ARIEAR
- Washcoat layer 2 5# A4k E Ak

FUIRR T HAR R F 2 E

Pt, 10 micron thickness

Substrate

Copyright © IDAJ Co., LTD. All Rights Reserved.

;_I] Template: WallTempScheraT | = |
r_ Object:  [Monolith Add Long Comment... ]
!
i Help Comment:
>| o# Main| % Substrate and Washcoat Layers | o Outer Layers <
Attribute Unit Object Value
Substrate Layer is the wall between channels
Substrate Wall Thickness (set to def for DPF) mm - 0.15 |;|
Substrate Material Object Cordierite |;|
Washcoat Layer 1 is always in contact with the channel gas
Washcoat Layer 1 Thickness micron - 40 |;|
Washcoat Layer 1 Material Chject Alumina |;|
Washcoat Layer 2 is between Substrate and Washcoat Layer 1
Washcoat Layer 2 Thickness micron - 10 |;|
Washcoat Layer 2 Material Chject Alumina |;|
[ oK ] [ Cancel ” [ Apply ”
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GTRAL T XM R AR MM 7 K

Diesel AdBlue

DPF Urea SCR with
with | Injector| Thermolysis/Hydrolysis

@

T
5

LTD. All Rights Reserved.
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st 3k 69 CDPF A2 &2 Bl 7 kA48

Exhaust
gas

Fuel
Dosing
System Fuel-
Departronic J | Metering

Unit

sEEEEEREEN

>

sEEEERERE .‘
o8 , o (50 Urea

Dosing

System

Denoxtronic

Yauumnnns

N

Injection ||| - i~
Unit .-
9 ! [

ine CAN

Diagnostic CAN

EGT Controller
optional:
standalone

SCR-catalyst

Copyright © IDAJ Co., LTD. All Rights Reserved.
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AR A 7 A

DPFAE L IEH SN T ETE4E L. soot B AL, TEMNF A AR
W (LI FAEFRRHIFTLE) RAE2K,TER R PUCDPFE FHE4/
F1 A A9 BER T IF 9 A,

C+NO, — CO+NO T>200°C (1)
C+0, — CO+%0,  T>450°C  (2)
NO+%0, <«  NO; (3)




)
JE £ 3 AR

RHAYEE BB EEAN R R EIE L EDPF-ECURE EH P —ANEF TR
BIERT, GT T A BRI 2 AN,

Ash plug
‘_'H Wall plug

: - ‘ ' Soot layer

- — Ash layer

ARATASASASRR Rt N | ot Wall layer
Outlet Channel AP + AP
Width, D: :g :5

i Channel length -

% RBEFEIBRE R 5 B EE R
CcommomaICe, o A e, 25)
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DPFid J& fisoot_loadingid F& &/

-------

: By
funte \ # i
plededrdpdodrdrdedo st fr o e s d L e T e --:-f--;-:;-:;a-;-.;;-.-.-,-i.':-"-;-
,;»35--_3&'.-&&»&&,‘ e N 3 3
| 3 A -y J N a » T s :
’5‘4,\_1--- > .nf‘t, S Wres TRk - ()
o

-

¢ SR ' :

Sad

.I ‘-1’

Iy L‘z{

R &
e
1]

T T I B A Y R S I DA
;‘sz ‘t?izr}t i‘:’fﬁe‘ & ‘t?izr}r e i.“-}’%;,"z' ot 4

- T, |
:&-@. S WG ':TP..*’.‘ S

RIS



Your True Partner for CAE&CFD |CSC42015

BOSCH#= % 3R #%-DPF /7L FEL+1 L AE 3k

2500

2000

1500

1000

500

0

Epm_nEn PitLd nFwRsnSimMin © | ™
| . !
— == e R et |
| E . - PFitLd_msFwPhysMin_C & [,_—| :
|_ASMod_dvolPFHEG - ,_.’_Tlrl H
FFRL_resFiw MAP 1%‘ e
[+ ]
| ASMod_tPFtSurSim é—l [ PFitLd_esFwlnCor >
PFitLd_facDynVsc CUR
ot :!;g [FFILA_recFwiis >
PFtLd_resFwliz_MAP
resFiwkeasin
1000
- 900
800
- 700
600
- 500
400
- 300
200
L i - 100
0 100 200 300 400 500 600 700 800 900 1000
time/s
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@ Object Comment:
7000

6000 Help FPart Comment:
- /! ¥ Main o Pressure Drop | %# Modeling Uptinnsl o Tumeric Cu:untru:ull %# Solver Options
IS 5000
E Attribute Uit Object Value
o 4000
a Clean Filter Wall Permesbility mm "2 8. TE-7...]
@
S 3000 Pore Diameter mm def =15 rni-:r-:ln"lzl
[
£ 2000 Filter\Forosity def -:-:-_'3'||;|
=
ﬂ‘: / Contraction Pressure Drop Coefficient ig;anl
d, —
E_L: 1000 Expanzion Pressure Drop Coefficient ig:nlzl

0 ./ Forchheimer Constant for Wall (1/m) igml;l

A soot 8 LT R £ R EM X

100 150 200 250 300

Pressure Drop Multiplier (Obsolete)

def (=1.0) |;|

Improved Mixture Properties Calculatiom

Flow Rate (g/s)

Improved Gas Density Caleulation

=]

IDAJ T IARAE KIS FH ik B BABIRRE F ik
WRARREINRSCRAEES 0 IR E AR R Xdpf RS TR E S H L.
SFDPF &% R AR FF 45 K A F 9 J% & 347 /& 5442 Pk

Copyright © IDAJ Co., LTD. All Rights Reserved.
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DPF soot ¥fR{EHY

P Pressure Drop © Loading DPF
T

Soot |
collected | Soot P
in the : collected in -
substrate | the cake /
51 walland layer only -
cake | e
layer | e
g | —
11 ” | - 1} L1
. ‘DBF” - SCL
a " bie — >
as
& e
e
a
| [ ] AR L)
3 / I Umicoreix B2
|
250
// lkt )é\ﬂﬁ %ﬁﬁ#dpf—F E] %i)ﬁfi Muncoated DPF
g) }ii 200 H ECDPF (B, aged)
0 '] 2 3 E W CDPF (B, conditioned)
. £
Time [hour] 2 150
=
g
a
g 100
(=N
=
g

en

IDAJ TARBEIFZEIEN S X+

4 a8 12 15
time [h]
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DPF-soot & AR AL &Y

B —

_af| Template: DPFFiltration -

Object Usage
Object Comment:
C] soot_load

50 Objects Help
B Exeo
| ” PN (Soot) Hain| o FM (Soat) Calihratiu:-n| o Diffusinnl % Ash Model
Attribute Unit Object Value
Percolation Constant def |~:|:|_'-:|;||;|
Farticulate Facking Density Inside the 'l%l kg/m™3 - def |~:15_|j"||;|
Farticulate Facking Density Inside t@f\'\f\nnt Layer kg/m™3 - def L=calculated,"|;|
Soot Cake Layer Porosity C\Vbl def |~:|:|_L:|5"||;|
Soot Cake Layer Permeability » mm” 2 - def L:-:-al-:-ulated,"lg
Loaded Filter Wall Fermeability mm” 2 - def L:-:-al-:-ulated,'llg
Forchheimer Constant for Soot Calke Layer (1/m) ig;nll'

SRR ITUANBT, REMEEZSTHEREGRE T, 4R R CDPFE ALK FH
AWHILTSHATRE, ALRER A ER—LHH#,
>4 T B soot EAR LI

Aging Mode Engine Torque System Inlet Time Comment
Speed Temperature

Soot 2200 rpm 145 Nm 230-240°C 145 h 50-70 g soot / filter
accumulation

Copyright © IDAJ Co., LTD. All Rights Reserved.
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DPF Regeneration

GTT A I MR A F LT HHLE (CDPF) , TUBERHCRRERE EAME) FHaT
A2, FAIRRBSENMDTIFES TR

*GT ¥ VAAE #ACDPF &y T #& b 5 5 7| A2 9 4R 4L F) £ L—NO2AS sk 2 F T M A B soot LK R T

Pressure Drop

. Ouilet Charmel Temperahme
21 DPF CO Selectivity Sweep

DPF CO Selectivity Sweep

1350
18 / \\ N 1200
A vy CO Selectivity CO Selectivity
/ | 0.0 (all CO2) — 0.0 (all CO2)
/ \ — 0.3 1050 —0.3
/ — 1,0 (all CO) ' - — 1.0 (all CO)
= 15 b | kel
£ / ]
2 / g 000 |
E ! ;L ,
a 12 # K S
,"! 7350 H— e
/ /
g
600 ——— "
450
40 80 120 150 201 40 80 120 160 201

Time [sec]
DPFH-A3AAPREZH5EENTL
)



. | Your True Partner for CAE&CFD |CSC42015

Regenerationid /43

\%?t FER R . T R A
OXYQEN SOUICEN. Feiimmirivicirsssesisisesss B
~ Wy

R

(O,, NO,)
heat

7 f;"w:'" '1 CLT. f;"w‘"" '1
S R R S R R

S T B S . ?r’ RO NG B¢ W A
i T RS e A
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Regeneration/~43

O Xy g e n S O U r C e o . _’ R R B B R B B e

(02’ N 02) ....-...-h..f.f:.;f:{.f.f.f!.:!.h pah bl L bl b bl b bh b /

heat e cO,, CO
i g - Additional

: Ne‘at
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\%&z
oxygen source

(O, NO,)
heat

Regeneration/~43

" L 27, "}LW’;" '!. P
el TR

CO,, CO

kS
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BOSCH soot# ) H &£ =41 %5

Epm_nEng

| Epm_nEng j—— —————— -
SETPOINTCALC, TROBASED |SY LF-—
InjCtl FeetUngal PFRLA. TNO2RgnDel_mp
PFitLd_NOZRgnDel MAP
PthSel rqinrSet——

—— AT ——
7]
. PRitLd TasNOZ50t 0 PFIitLd_dmMNO2Tot_mp PFitLd_dmNO2TotCor_mp
ﬂinCalLlsEulEih o 3 — [>—
-L—‘"_‘ H PFItLd_dmNOC2TotMax_mp
PFitLd_facCmvCatMOz_CUR [F |
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