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Current regulation & exhaust aerosol
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1 Objectives & Targets
1. Develop instrumentation and sampling setup to 2. Develop models and new measurement
measure exhaust particles as small as 10nm techniques to understand particle chemistry and

transformation in the sampling system

3. Use new setup to
measure latest vehicle
technologies
(collaboration with
parallel H2020 projects)
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Low loss sampling system

Flexibility in sampling
— Opt. 1: Current PMP
— Opt. 2: Enhanced VPR including CS
— Opt.3: No VPR

Sample
Inlet

Capacity for PN-PEMS (PEPS)
— Counterflow diluter
— Low energy consumption (~100 W)
— Battery-powered

Possibility for different PN modes

— Hot exhaust (non-volatile primary)

15t GEN: Testing 2nd GEN: Lab 3rd GEN: PEPS — Fresh aerosol (delayed primary)
principles prototype implementation prototype implementation — Aged exhaust (secondary)
o]
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Overview of PN emissions — vehicle segments and methodology
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Engine technologies / aftertreatment
combinations (including 6d-temp and final light-
duty applications)

Emissions certification standard: At least Euro 5
through to Euro VI-C and Euro 6d-Final

Regulatory cycles from around the World

Extreme operation (beyond the velocity, dynamics
and temperature boundaries of regulatory cycles)

Including environmental temperature extremes
(down to -10°C, up to 30°C)

Fuel variations
Sl fuels to >25% Ethanol, and CNG

Cl fuels to 30% biodiesel, and paraffinic diesels
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T Solid particle ratios over WLTC
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Results from a Euro 6b GDI PHEV (WLTC)

10000.00% ! —l . _Re_gionThere imit s exceeded , 2
I"IReglonwhere imit is exceeded at 10nm but not at 23nm I aven at 23nm ,/ I SPN emiSSiOnS 10/23 2 5/23
& .
| A ratio (hm/nm)
e
1000.00% 7 I
| 7 [ EV 1.9 2.4
! L.~ :
610" fkm ) I 1.7 2.4
©100.00% ‘ p : '
4 GDI Hybrid + TWC s id +
% l Charg); ;Lpreting mode |(EV) i ¢ P ////"" gt?;:;yebsr:?st ,m.:ode( ) . o .
z ! / (417 Significant differences
= o 1 ST T’ @ .
S ST between charge depleting and
= s SN .
z I < At charge sustain mode
@ 100fy| /',Q‘\é\°
00% =S L S - . High SPN23 peaks only during
I / L ¥ ‘2'09900 Diesel ® . .
: SO S ons A cold start in charge sustain
/ N .
0.10% L . - o1 e * operation
I \?( : - ’ I Eerilﬁg):z}e‘:rdeelc;mlt - Performance GDI +
7’ . X .
| .7 i ::;:‘”V””" Both SPN23 and SPN10 remain
= . . . . .
0.01% L% - within limits in both modes
0.01% 0.10% 1.00% 10.00% 100.00% 1000.00% 10000.00%

SPN,; / Limit SPN,;

10t Annual International PEMS Virtual Conference, March 12th, 2021

13




DOWN

I Total particle number (TPN) emissions should not be neglected
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Technical conclusions

.

e  SPN<23nm measurement on the road
is possible

* Most results below 6x1011 km down
to SPN10

* Potential SPN<23 measurement
artefacts, suggest that the DTT PEPS
results are only comparable with a
raw exhaust l[ab-based measurement
system, rather than the CVS

— Implications for standardization

Mean ratios over WLTC SPN,,/SPN,, SPN, ./SPN,,
CNG 5.9 75.4
CNG + prototype filter 2.5 16.7
GDI 2.1 8.8
PHEV GDI 1.8 2.3
GDI + GPF 14 1.8
PFI 1.8 4.0
PFI + prototype filter 1.6 2.7
Diesel + DPF 1.5 1.2
Latest Diesel + DPF Regen 1.6 1.2

Notes

*  Summary of measurements conducted

by DownToTen partners
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1% Impacts

 DownToTen results are being used to scientifically underpin the Euro 7
emission standard development in the EU

* The sampling system developed may be used to perform RDE-type of
measurements of SPN10 and other particle dimensions

* The method developed and the results obtained may be used to
— Bring in the market clean and efficient vehicle technologies
— Improve engine and emission control performance with different fuels

— Characterise size-fractionated particle chemistry to identify the formation mechanisms
and control those in a targeted cost-effective fashion
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