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Clean locally or globally?

Local emissions:
NOXx

HC

CO

Global emission
(Greenhouse

effect):

CO2 i.e. fuel
consumption




Environmentally friendly
= no CO2?




o
>
-
©
c
-
Q
>
©
©
-
d
-
Q
c
N
O
O
Q
i o
T




Some emission statistics from New
York by the turn of the century...

¢ 200 m3 liquid emissions per day
1000 ton solid emissions per day

 An army of tenths of thousands
worked with transporting the
emissions out from the city




The first IC engine driven car was thus
welcomed as a significant enviromental
improver

““Tut mir leid, alter Junge . . . neue Abgasvorschriften™



100 years later - Smog
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+ Clean with 3-way
Catalyst
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-Power density
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+ Injection controlled
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HCCI, CAl, PCCI, pHCCI, PPC, LTC...?

HCCI is normally a set-up with port fuel injection
and high compression ratio.

CAl is normally a set-up with low compression
ratio and high residual gas concentration with
negative valve overlap

PCCIl is normally a set-up with early direct
injection forming a rather homogeneous charge

pHCCI=PCCI

PPC, partially premixed combustion is an bit less
homogeneous than PCClI i.e. later injection

LTC is any combustion process giving low NOx
due to low temperature combustion.
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Partially Premixed Combustion, PPC, with
gasoline or ethanol

Department of Energy Sciences
Division of Combustion Engines
Lund University
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Experimental setup

Specifications of single
cylinder engine:

Displacement Volume 1951 cm?

Swirl Ratio (standard) 1.7

Swirl Ratio (if modified) 2.9

Number of injector holes 8

Injector hole diameter 0.18 mm

Spray umbrella angle 120°

Compression ratio 17.1:1




Outline

 Newly developed combustion
concept




Partially Premixed Combustion, PPC

Reduction of NOx and Soot at same time!
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PPC @ IMEP 8 [bar]

Swedish MK 1: 54 CN
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PPC @ IMEP 15 [bar]

Swedish MK 1: 54 CN
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PPC

Advantages:
 Contemporary reduction of soot and NOx
* High efficiency

« Combustion control

Disadvantages:

e CO, HC increases

 Lower power density because of EGR
Need:

* Fuel with higher ignition delay

Gasoline




High Load Gasoline

Gasoline: 98 ON

Gasoline, Fuel MEP: 35.22 [bar], IMEP: 16.02 [bar], EGR: 37 [%]
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High Load Diesel

Swedish MK 1: 54 CN
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Emissions
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Efficiency & Fuel Consumption

Gross Specific Fuel Consumption [g/kWh]
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EGR Sweep @ 12 bar IMEP
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Advantages of the concept

More mixing trough longer
natural ignition delay

:

Very high boost Mostly kinetically controlled High rc
combustion (fast)

Low specific fuel consumption

NO, reduction with EGR

Soot reduction with injection pressure + swirl + relative homogeneity of the mixture




Outline

 Chronological steps towards this
target




Double Injection @ 14 bar IMEP

 Gasoline & Diesel:
— Pilot: -20 [TDC], 0.45 [mS]
— Main: 1.8 [ms]
e Ethanol:
— Pilot: -20 [TDC], 1 [mS]
— Main: -1 [TDC], 1.8 [mS]




Emissions & Fuel Consumption

Normalized Gross Specific Fuel Consumption [g/kWh]

IMEP: 14 bar

185

180+

175+

170+

1000

800
700
600
500
400

ROHR [J/CAD]

300
200
100

1 1 HE BN BB

CO/4 [g/kWh] HC [g/kWh]  NOx [g/kWh]  Soot [FSN]

000

— Ethanol
7777777 Gasoline |--- - -t NS
—— Diesel | | | |

7777777777777777777777777777777777777777777777777777777

********************************************************

*****************************************

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

O ‘ sy | | | |
340 345 350 355 360 365 370 375 380

[CAD]

EGR: 25% = \~1.56 33

Mostly kinetically controlled
combustion

]
stion/2




Why double injection?




» &

eSSure, RORR

Traces

Diesel

Gasoline

Pressure Trace
Injection Signal

RoHR

| |

| |

| |

| |

I I
o o
© <
— —

[avorr] 8/dHoY [-] uonosluj ‘[req] ainssaid

|
L B [ I
| | | |
| | |
| | |
| | | | |
F—+-—-—F—-=—-—-—+ === - e - — F— —
| | | | | | |
| | | | | | |
| | | | | | |
| | | | | | |
N e —
2 g ,
c <
= D
=%
(&)
rUl c
25K
g 05
o s
| |
| |
| |
| |
| |
o o
© <
— —

[avorr] 8/dHoY [-] uonosluj ‘[req] ainssaid

20 30 40

10

[CAD]

[CADI

Ethanol

Double Injection

Pressure Trace

RoHR

/c] 8/4H0Y ‘[-] uonoslu) ‘[req] sinssaid

c
ie)
e
o
QL
n]
— 0
Q&
g[
£ ©
N -

[CAD]



Emissions & Efficiency
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Losses Analysis
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Losses Analysis
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New co
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Outline

e Conclusions




Conclusions

 PPC with high ON fuels is a feasible
concept but the logic on how to
operate the engine is different.

 Low fuel consumption, low
emissions and low noise can be
achieved at the same time.

 Gasoline PPC is able to run at much
higher loads than Diesel and its
power density is not penalyzed by
large amount of EGR. ~




Thanks for the Attention!
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