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Scavenging to Improve Low-End Torque of Turbocharged Sl-Engines

Motivation

> Turbocharged Sl-Engines show insufficient Low-End-Torque

> DI-technology enables scavenging

> Can SCAVENGING be used to increase Low-End-Torque ?
> Why does SCAVENGING increase Low-End-Torque ?
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GT-Power Engine Model
4 Cylinder, 1.6l, Direct Injection, Turbocharged
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GS-KP5 - Luftpfad: Abgleich Messung - Simulation

Twin-Scroll Turbine

> Turbine admission varies due to unequal pressure ratios at the volutes
> Normally more detailed turbine map necessary

> Using a mass multiplier based on the pressure ratios at the two volutes
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B D1 090, Adjusted [ OCA]
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Heat Release Model

Comparison: BD1090 experimental vs. modeled data
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Knock Model |

> Knock index |

_— different ignition delay time correlations
t

Le= | = can be found in literature

1=t

General form:
) . ON: Oktan-number
T:A-(%) pheeh p:  pressure
TA: activation temperature

Examples:
A a b Ta
bovaid&Evzat | 0 0178 | 3.402 | -1.7 3800 Strong pressure
influence
Jhieher & 0.002714 | 0 -1.262 3964
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Knock Model Il

> Knock intensity Kl (Spicher & Worret)
« Conversion of the knock index via 75 % heat release CA:
IK
I

K ref

= f(75%CA)

« Normalized crank angle during heat release:

o Crank angle
k= @~ Bh, BPi%»  Heat release start
BE —BP,, BE Heat release end

e.g. BP,, ref. Soltic
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Knock Model: Results
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Knock Model: Results with conversion of K
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Results: p,,. With and without scavenging
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Results: cylinder pressure, valve mass fluxes

n = 1300 1/min, Vollast CTA_=-12.5 KW #00444

3.0 : .
g 25 P \ \\ \ /\ prI’ ~pMan

1o S~ ~"J—}<"
2 STZ /j \\ Valve overlép ' | ] ;0
g 0.10 | ///v/,\ \\ (7*-\—\ 16 E
§ oos | . \; = 143
) ZZ: ' / /JKAL\\\’\XE&é x - : 3

005 | , | Exhaust , - Inlet \j .

90 180 270 360 450 540

Crank Angle / °

-I 8 CR/AEE2 | 9/12/2005 | © Robert Bosch GmbH reserves all rights even in the event of industrial property rights. We reserve all rights of disposal @E B os c H

such as copying and passing on to third parties.



Scavenging to Improve Low-End Torque of Turbocharged Sl-Engines

Results: cylinder pressure, valve mass fluxes

n = 1300 1/min, Vollast CTA_=-12.5 KW #00444
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Scavenging: Increase of TC efficiency
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Scavenging
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Conclusions

> Combustion model calibrated and implemented
> Knock model based on Douaud & Eyzat ignition time correlation and
conversion from Spicher & Worret enables knock control
> Twin-Scroll model implemented
> Scavenging:
« 1C efficiencies increase at low rpms
« Increases Low-End-Torque significantly
 Increased boost pressure can not be used completely due to

increased knock sensitivity

24 CR/AEE2 | 9/12/2005 | © Robert Bosch GmbH reserves all rights even in the event of industrial property rights. We reserve all rights of disposal @ﬁ B os c H

such as copying and passing on to third parties.



