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Objectives

= Demonstrate a new generation of gasoline direct injection
engines achieving a > 15% reduction in CO, emissions through the
optimal combination of advanced engine and robust
aftertreatment technologies

= These vehicles will comply with upcoming Euro 6 RDE limits with
particle number emissions measured to a 10nm size threshold

= Modelling and simulation software will be verified that can
imﬁrc)lve the desigh and the control capability of subsequent
vehicles
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Project Approach

Research understanding Innovation & Demonstration PaREGEnN

Development of Miller Cycle stoichiometriccombustionengine
* Improved bore:strokeratio (and downsizing) >

* H,0 injection and improved fuel injection
* SVL on intake & exhaust
* Variable charge mode and new turbocharger

All technologies,
engines, components,
SW and controls at
TRLE or TR L7

* Implementation 0 to 3D modelling software, vGPS, advances @

in control strategy Optimised engines and ATS

In depth understanding of the * Implementation of aftertreatment (TWC-GPF) integrated into powertrains
relationships between combustion and demonstrator vehicles

process, enging d_esign, enging |mpact Assessment
operation, emissionsand particle Target setting, tracking and assessment Capability to create future

fonmmtionaver the entie by mAp S £~ " ® °/111105 COMPing

= 0to 3D modellingsoftware " . with EU6 RDE and with very
D e i Independent testing of EU6 RDE & CO, improvement e Haiticie wmissions

=> GDIl engine control strategy K h d bilityt
now-how and capability to

test & assess particle emissions
downto 10 nm under RDE
conditionsin 2020

Know-how for designing optimal
aftertreatment systems Development of lean Miller Cycle combustion engine

* High compression ratio Miller Cycle engine
* Lean combustionwith ‘dry’ air dilution
* Continuous variable valve lift

« Low pressure EGR Significant contribution to

lower CO,levels andimproved
* Implementation 0 to 3D modelling software, vGPS, advances air quality
in control strategy
* Implementation of aftertreatment (lean NO, reduction & GPF)
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Project Results
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Project Results
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Project Results
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Demonstrate a new generation of gasoline DI engines
achieving a 2 15% reduction in CO, ... Stoichiometric
small TC-VVA-DI water injection engine (WP3)
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Demonstrate a new generation of gasoline DI engines
achieving a 2 15% reduction in CO, ... Stoichiometric
small TC-VVA-DI water mJectlon engine (WP3)
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Demonstrate a new generation of gasoline DI engines
achieving a 2 15% reduction in CO, ...
Dry Dilute Combustion Demonstrator (WP4)
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Demonstrate a new generation of gasoline DI engines
achieving a 2 15% reduction in CO, ...
Dry Dilute Combustion Demonstrator (WP4)
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... Yehicles will comply with upcoming Euro 6 RDE
limits with particle number emissions measured to a

10nm size threshold

= PaREGEnN baseline vehicle
measurements made over the NEDC,
WLTP (high and low), and RDE (on-
road and on-dyno) with AIRMODUS
and EEPS instruments

= Over the wide range of tests the
baseline vehicles were well below
the relevant legislative PN levels

= The relationship between the PN23
and PN(10 measurements is consistent
with the other measurements made
within the DownToTen project

This project has received funding from the European
Union’s Horizon 2020 research and innovation

programme under Grant Agreement No. 723954
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... Yehicles will comply with upcoming Euro 6 RDE
limits with particle number emissions measured to a

10nm size threshold

= PaREGEnN baseline vehicle
measurements made over the NEDC,
WLTP (high and low), and RDE (on-
road and on-dyno) with AIRMODUS
and EEPS instruments

= Over the wide range of tests the
demo. vehicles were well below the
relevant legislative PN levels

= The relationship between the PN23
and PN(10 measurements is consistent
with the other measurements made
within the DownToTen project
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Project Approach

Research understanding Innovation & Demonstration PaREGEnN

Development of Miller Cycle stoichiometriccombustionengine
* Improved bore:strokeratio (and downsizing) >

* H,0 injection and improved fuel injection
* SVL on intake & exhaust
* Variable charge mode and new turbocharger

All technologies,
engines, components,
SW and controls at
TRLE or TR L7

* Implementation 0 to 3D modelling software, vGPS, advances @

in control strategy Optimised engines and ATS

In depth understanding of the * Implementation of aftertreatment (TWC-GPF) integrated into powertrains
relationships between combustion and demonstrator vehicles

process, enging d_esign, enging |mpact Assessment
operation, emissionsand particle Target setting, tracking and assessment Capability to create future

fonmmtionaver the entie by mAp S £~ " ® °/111105 COMPing

= 0to 3D modellingsoftware " . with EU6 RDE and with very
D e i Independent testing of EU6 RDE & CO, improvement e Haiticie wmissions

=> GDIl engine control strategy K h d bilityt
now-how and capability to

test & assess particle emissions
downto 10 nm under RDE
conditionsin 2020

Know-how for designing optimal
aftertreatment systems Development of lean Miller Cycle combustion engine

* High compression ratio Miller Cycle engine
* Lean combustionwith ‘dry’ air dilution
* Continuous variable valve lift

« Low pressure EGR Significant contribution to

lower CO,levels andimproved
* Implementation 0 to 3D modelling software, vGPS, advances air quality
in control strategy
* Implementation of aftertreatment (lean NO, reduction & GPF)
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Modelling & simulation software that can improve the

Particle measurement instruments
>|: Lab. Systems ‘ (Pems4Nano, Surreal23, DownToTen) | PEMS
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Modelling and simulation software, that can
improve the design and the control capability of
subsequent vehicles, will be verified

Air flow 1 1 1
, -
Spark | 0.8 c:é 0.8 0.8 ©
| : Fuel vapor b o
plug | - S o
A Fuel films 067 W06 ; W06 g
* . = e 3
i Fuel'f”m 0.4 E 04 H 04 E
positions 5 é
Injector 0.2 c(/j) 02 02 2
(@)

0 0 0

This project has received funding from the European
Union’s Horizon 2020 research and innovation

programme under Grant Agreement No. 723954 all rights reserved, see Disclaimer December 5%, 2019 16



Modelling and simulation software, that can
improve the design and the control capability of
subsequent vehicles, will be verified
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Modelling and simulation software, that can
improve the design and the control capability of
subsequent vehicles, will be verified

= Evolution of liquid film distribution in motored conditions
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Modelling and simulation software, that can

improve the design and the control capability of
subsequent vehicles, will be verified

» Understanding of the effects of calibration parameters on fuel films
and PN emissions (EEPS measurements)

P o] T,
35 35 35
+303K +303K
o1 8 +353K il +353K 7] %
T 25 - .25 - i 5 25
%20 | ‘o 20 4 ‘@ 20 1 4x103 i :
E E i E .
‘-_;15- 1 315- §15- @ i+ 303K
g10 210 ; E10 : E 12x10° - 328K
35] : ) 35f : %8 : ® .1 - 353K
0 : : . 0 0 ~ 1.0x10"+ .
100 200 350 -360 -340 320 303 328 353 c i = 2
Injection pressure [bar] Start of injection ["CA] Engine temperature [K] o 8 0x1 07 | " A
s Jor = ;
§ 6.0x10" - =3 -
c L PeivS v *
8 4.0x10" s e
— 4 -. e
0] . -
2 20x10" Toar = %"
= ]
S
Z 0.0
This project has received funding from the European Time /'s
Union’s Horizon 2020 research and innovation
programme under Grant Agreement No. 723954

all rights reserved, see Disclaimer December 5%, 2019 19



Soot Precursor LIF and LIl in an optical engine

» High-speed imaging: techniques and results

" 4lasers .
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N=1200 rpm; p,=4 bar; skip-fired operation, R/W=20:1;
SOI=360° BTDC; p =100 bar; ti=1050 ps
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