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Size-resolved Nano -particle Filtration Characteristics with Metal foam

Gasoline Particulate Filter (GPF) for a modern GDI vehicle
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Experiment Method

Size-resolved characteristics

Introduction

U Main issue about

modern GDI vehicle : PN

A Locally rich A/F mixture
A Wall-wetting phenomena
- Cylinder wall
- Piston crown

U PN characteristic
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U Necessity of GPF for
future PN regulation

Experimental Apparatus

Test vehicle specifications

Engine Type Direct Injection
Displacement 2,359 cc
Comprgssmn 1131
ratio
Camshaft-driven
Fuel system _
high pressure pump
Exhaust Under -floor catalytic
system converter
Max. power 201hp
Max. torque 25.5kg.m
Transmission 6-speed A/T

Vehicle test schematic diagram

2.4L 14 Stoichiometric

Max. resolution time: 100ms

Charger & Classifier

Nano - particle morphology analysis equipment

F | [ SEM (Scanning Electron Microscope)

Field Emission
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| DMS500 (Differential Mobility Spectrometer)

U Metal foam filter (GPF)

Alloy Foam

iSuper alloy porous media with
opened pore structure

iCharacteristics

- High-temperature sintered super alloy
: Ni, Cr, Al, Fe

- Uniformly opened pore structure

- large surface area
by alloy powder method

- Various pore sized alloy form

- Light weight : 300~650 kg/m?3

U EU certificate mode RNEDC
(New European Driving Cycle)

Nano -particle emissions

Time-resolved particle number emissions

Engine operating conditions Temperature conditions

Comparison of particle number Comparison of particle mass

TWC-only FESEM image TWC+GPF FESEM image

Nano -particle emission evaluation

TWC-only TWC+GPF Filtration Eff.
PN PM PN PM PN PM
[#/km] [mg/km] [#/km] [mg/km] [%] [%]
ECE15 3.72E+12 - 1.12E+12 - 70
EUDC 9.41E+11 - 2.60E+11 - 72
NEDC 1.95E+12 3.030 5.68E+11 0.909 71 70

Time/Size -resolved PN emissions

Size-resolved particle number/fraction

U TWC-only GDI vehicle emits
57% of PN under ECE -1 phase

U With GPF, filtration efficiency
under ECE-1 mode was 68%

U GPF Is more efficient for small
Size nano -particle reduction

Conclusion

] Nano -particle emission evaluation

[ Modern GDI vehicle was inspected to evaluate
PN/PM emission filtration efficiencies.

[ Particle number/mass emissions were reduced up to
71% and 70% under NEDC mode, respectively

[ With FE-SEM image, it was clearly verified that GPF
system could drastically reduce nano -particles

l Size-resolved characteristics

[ There was no critical difference of size distribution
between TWC-only and TWC+GPF system.

[ TWC only vehicle emits 1.95E+1 #/km of nano
particles, which excesses EURO 6 -c regulation.

[ The key of the solution of drastic reduction of PN is
decreasing PN emissions under cold start phase.

[ GPF system could reduce these PN emissions up to
68% (with respect to NEDC first ECE -15 mode).

( Totally, with GPF system, modern GDI vehicle could
satisfy future stringent nano  -particle regulation.
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