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What is GDI?

Port Fuel Injection (PFl)
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(Zimmerman et al. EST 2016)
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What is GDI?

Port Fuel Injection (PFI) GDI = Gasoline Direct Injection
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GDI Benefits: g
(1) Higher compression ratio due to evaporative cooling effect ~5% higher é
reducing cor.m.)res?on temperatu.re and knock onset fuel economy ’g

(2) Greater flexibility in valve operations £
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Wall vs. Spray Guided GDI

Wall Guided GDI Spray Guided GDI

(Zimmerman et al. EST 2016)
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GDI vehicles rapidly penetrating the fleet

 Market share of new vehicles with GDI >50% in 2016
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Rapid change in technology.

What are implications for
emissions and air quality?
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Vehicle emissions in context
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Increasingly stringent regulations (left) have led to large 2
decreases in CO, NO, HC emissions from on-road fleet (right). 'g
Slide from Tim Wallington, Ford, HEI Sponsors Meeting §
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Substantial improvements in ambient air quality
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Large reductions in VOC concentrations measured in
ambient air near Los Angeles from 1960-2010.

Slide from Tim Wallington, Ford, HEI Sponsors Meeting
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Emissions and air quality

(2) Downwind
& urba_n__scale

(1) Emissions
at the tailpipe
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GDI vs. PFI: No differences in emissions
regulated gaseous pollutants

Increasing stringent standards
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PFI vs. GDI -- No systematic changes in
composition of organic gas emissions

Increasing stringent standards
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PFlI PM emissions going down

PFI GDI -¢—EC -@-POA
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(Saliba et al. EST 2017)

Tier1 LEV ULEV SULEV
(N=17) (N=30) (N=17) (N=3)

Carnegie Mellon University



PFlI PM emissions going down

PFI GDI =@—EC @~ POA
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GDI have higher PM emissions than PFl

PFI GDI| -@—EC -@-POA
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GDI PM emissions dominated by
Elemental Carbon (EC)
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Differences in size distributions

025 — PFI

0.20 A
_ /7\\\ GDI
S0.15 :
S
=
> 0.10
O

o
o
G

(Figure from Imad Khalek, HEI Fuel Aromatic Workshop 2016)

AN\
ANV
- A_\

5 50 500
Particle Size (nm)

Carnegie Mellon University



Lowering GDI PM Emissions

* GDI engine design & calibration is still

Improving nir| g 'Lé

» Spray-guided GDI should reduce emissions

e Fuel reformulation

 Follow the diesel path: =R
. . I ———
Gasoline particulate filters ——_=—__——
- ~ Y _>CI
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Fuel & soot (EC) formation processes

Fuel Precursor PAH Particle Surface reaction/
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Fuel effects on PM emissions: Particulate
matter index (PMI)

Tendency to form soot

DBE +1 Fuel DBE
PMI = Wt;
Z H p 443K i ’] CH, = 0

Tendency to evaporate & mix Cyclohexane = 2

Toluene = 4 ©/
DBE = double bond equivalents = (2C + 2 — H)/2
Wti= mass fraction of compound Naphthalene =7
VP(443K) = vapor pressure at 443K (170°C)

(Slide from John Farrell, HEI Fuel Aromatic Workshop 2016)
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Particulate Matter Index (PMI) works
(surprisingly) well for conventional fuels

2.50E+12
& lest Fuels
Tendency fO form soot 2 00E+12 O Commercially available fuels
DBE -|-'] E 1.50E+12 |
PMI = E w2
VP 443K ~ 1.00E+12 |
A
Tendency to evaporate & mix 5.00E+11 |
0.00E+00 (,
DBE = double bond equivalents = (2C + 2 — H) 0.0 1.0 20 3.0 4.0
Wti= mass fraction of compound PMI
VP(443K) = vapor pressure at 443K (170°C) (Figure from Aikawa et al. SAE 2010-01-2115. )

Reducing aromatics in fuel generally reduces primary PM emissions

(John Farrell, HEI Fuel Aromatic Workshop 2016)
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Ethanol and PM Emissions

EPAct — increasing PM in PFI Others have shown decreasing PM
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(Butler et al., SAE Technical Paper 2015-01-1072)
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Effects of gasoline particulate filter (GPF)
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What about downwind of source?

(2) Downwind
& urba_n__scale

(1) Emissions
at the tailpipe

deposition
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Evolution of Gases and Organic Aerosol
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Secondary PM production exceed
primary emissions

After ~1 hr of photo-oxidation
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Substantially less secondary PM
production for alkylate fuel
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(Zardini et al. AE 2014)
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Conclusions

Dramatic reductions in vehicle emissions over
last four decades.

GDI vs. PFI:

« At tailpipe:
e Similar gaseous emissions
e GDI have higher PM emissions

 Strategies for controlling PM
» Improved engine designs and operations
* Fuel composition
» Gasoline Particulate Filter

 Downwind:
« Similar secondary PM formation
. (SLeggR\/c)Iary PM >> primary PM emissions from light duty gas vehicle

Important to control PM precursor emissions
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