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Meeting 2010 Steady State Emissions e
ISX 15L Engine
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2010 Transient Emissions Compliance While Maintaining High
on Remains a Challenge



ISX Technology Roadmap
for Efficiency Improvement
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Combustion Strategy for Fuel
Economy Improvements
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Percent Increase in FTP bsDPM

Impact of Injection Pressure on c

Transient Particulate Matter

CFD Simulation |

20%
18% -
16% -
14%o
12% -
10%
8% -
6%
4%
2% -
0%

6
Soot formation depends on equivalence ratio,
temperature, and time
© 5
I;
[
& 4
(1)
b} k 1600 RPM at 100% Load
c
o 3
E N\]L@ingéﬁection Pressure
.5 2 S
o
w
1
1 0
,,,,,,,,,,gg,ba[ ,,,,,,,,,,, 0 3 6 _4 9
— Soot Mass Fraction x 10

i ‘ ‘ ; ~ a

Increasing Rail Pressure (bar) =———p



Combustion Recipe Development e
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Extending the Range of Early PCCI

PCCI ignition

compression_,

Cannot inject in this range
(ign. delay too short)
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SPEED (rpm) :
TDC
Crank Angle
Mode Advantages Disadvantages
- Good stability - High peak cyl. pressure
Early PCCI | - Good fuel consumption - Lm:uted BMEP
- Noise
- Higher cooled EGR rates
- Low peak cyl. pressure - Narrow stability range
Late PCCI | - High BMEP capability (20 bar) - Higher fuel consumption

- Low noise

- Needs combustion sensor




educing HC and CO for Early PCCI
Efficiency Improvement

——  Engine data from
2—8 bar BMEP with a
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and dual injection zﬁ

Engine data from

 2—8 bar BMEP with

| triple injection and
intake temp.

)]
o

8
o

S
o

w
o

N
o

—_
o

©
3
y—
(@)]
=
i
=
&)
I
-
(6]
=
o
D
[oN
&
)
-}
L

30 20 1 | 0 10
Ignition Dwell [CAD]
19%b0 to 3% bsfc reduction

Camera

Field of View
Laser Sheets i 20 ATDC
on Axis of o A e
Diesel Jet _ 10 ; — ; ; l Ey S ‘
W 85 o B Formaldehyde
E [&] . :
N % L w"-\—f\—-.\ Z PLIF
- -1

Distance from Injector [mm]

EIRPoWLENm Combustion Bowl EqUivaIence Ratio Contours SOI=-5 ATDC, 02=14.7%
Images Courtesy of Mark Musculus - SNL 9

S
<
s
o :
Q



ISX Technology Roadmap
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Impact of Nozzle Configuration at

High Injection Pressures
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Improving Transient Air Flow e
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| » Air flow is the issue
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Electric Turbo — VGT Transient Air Handling Simulation
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Controls Development for Transient

Emissions
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HD Brake Thermal Efficiency e

Accomplishments
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