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Pre-Chamber Combustion Evaluation with GT-SUITE

MAHLE Powertrain
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Introduction
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Pre-Chamber Combustion Evaluation with GT-SUITE

Introduction
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Benefits of Pre-Chamber Combustion
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Benefits of Pre-Chamber Combustion
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Pre-Chamber Simulation in GT-SUITE
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Pre-Chamber Simulation in GT-SUITE
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Validation with CFD
Nonpredictive Combustion Models
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Validation with CFD
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Validation with CFD
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Heat Release Analysis
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Heat Release Analysis
Typical Results
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Heat Release Analysis
Typical Results

1.2
. . PC Heat Release x10
Simulation Results ) MC Heat Release
8% 10- Spark
2o PC MFB10%
- b= PC MFB50%
= Heat release profiles for pre- o PC MFB90%
, S S N I N KT R N I P S MC MFB10%
chamber and main chamber ok R R I I T\ S N I PR MC MFB50%
o X MC MFB90%
: . IS 06
= Combustion events timing [E-
£
[Oe]
= Predicted jet massflow and 55 0%
: T9Q
velocity =0 2
23
= Temperature and gas g2
. s & 00
composition for pre-chamber 2 S |
and main chamber 02 | ‘
-20 0 40 60

Crank Angle [deg]

22 | David Gurney | RS.UK.EA1 | 2021/10/21 m n H LE

Powertrain



Pre-Chamber Combustion Evaluation with GT-SUITE

Heat Release Analysis
Typical Results
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Heat Release Analysis
Typical Results

Simulation Results

= Heat release profiles for pre-
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Application of TPA Models:
Heat Release Analysis: EGR Sweep
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Application of TPA Models:
Heat Release Analysis: EGR Sweep
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Application of TPA Models:
Heat Release Analysis: EGR Sweep
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Application of TPA Models:
Low Load Combustion Stability

Early Closing Profiles Baseline Late Closing Profiles
— 152° CA —172° CA —240° CA —292° CA —312°CA
Challenge ",'\\ ,,—\\ /,'\\ ",—\\ ,,«\\
= To combine the full load benefits of a pre-chamber ! \f\ ! ‘y‘\ ! \ ! v ! \
with low load stability i A i h /A / i A
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3T S -
£3 : T 287
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2= £ 24
= EIVC 152° CAto LIVC 312° CA 32 , 3 9o
. . §o L 50
= Late inlet valve closing found to cause : o 005 S s
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— Longer burn duration 0.00 11— 1Bt
0.00.204 060810121416 0.00204 0608101214 16

Unable to achieve minimum load

BMEP [bar] BMEP [bar]

TPA performed to understand the cause

Standard Deviation NMEP [bar] 10-90% Burn Duration [°CA]
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Low-Load Analysis

Three-Pressure Analysis

= Slower pre-chamber
combustion

= Earlier ignition timing

» Reduced pressure & mass
of charge

= Higher residual content

» Reduced penetration &
effectiveness of jets

» Reduced stability
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Low-Load Analysis

Three-Pressure Analysis

= Slower pre-chamber
combustion

= Earlier ignition timing

= Reduced pressure & mass
of charge

» Higher residual content

» Reduced penetration &
effectiveness of jets

» Reduced stability
Cause:

= Higher residuals

= | ower temperature

= Combined to give an
‘Ignitability factor’

= |Indicator of stability limit
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Conclusions

» GT-POWER has been used to perform Three Pressure
Analysis of measured cylinder pressure on an engine
equipped with a pre-chamber

» Used to determine:
—Heat release of pre-chamber and main chamber
—Massflow in and out of pre-chamber
—Composition of main chamber and pre-chamber at time of
spark

» Provides an important diagnostic tool in the evaluation and
optimisation of pre-chamber combustion systems
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