Advanced Nozzle Flow and Spray Modeling
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End-of-Injection
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® Able to predict effects of needle wobble
® Able to predict hole-to-hole variations

Dribble?

® Start of injection simulations show gas injection before liquid
® End of injection simulations show dribble and ingested gas in the sac

3-4 weeks on |00 processors, ~20 million cells
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® [Improved near nozzle comparisons with x-ray data ol

® Spray jet shock wave generation o
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Advanced Nozzle Flow Modeling

m Effect of Needle Side Motion on Hole-to-Hole Mass Flow Variation
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*Battistoni et al., SAE 2014

Collaboration with Argonne and Cummins
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Advanced Spray Modeling
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vanced Spray Modelin
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*Quan et al. SAE 2014 Collaboration with Sandia and Argonne NATIONAL LABORATORY
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Advanced Turbulence Modelin

Experiments RNG-0.25mm  No SGS - 0.0625 mm Smag — 0.0625mm DS — 0.0625 mm
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-The computational cost of grid-convergent LES (@ 0.0625 mm) is
'about 30-40 times compared to grid-convergent RANS (@ 0.25 mm)

------------------------------------------------------------------- Argcnne

. . . NATIONAL LABORATORY
Collaboration with Argonne and Cummins
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Advanced Turbulence Modelin
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Grid Convergence NN
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Up to 4 - 5 cells inside the nozzle

diameter at finest resolution s e Cell sizes down to 30 microns have

been analyzed (AMR)

*Senecal et al. ASME 2012 Collaboration with Argonne ® Allows for accuracy/run-time tradeoff
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Extending Grid Convergence to Engines
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*Senecal et al. JEGTP 2014
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Extending Grid Convergence to Engines

2 million cells utilized

RN
AN
RN
S
—_
N

12 | -2S0OC ® Measured _ 12 | 2S0C ® Measured 12 6SOC ® Measured _
CONVERGE - Full Geometry CONVERGE - Full Geometry CONVERGE - Full Geometry
10 10 A 10
© © ©
o o o
= 8- = 8- = 8-
o o o
S S S
A 67 A 61 A 67
o o o
o o o
4 1 4 4
2 - 2 - 2
O T T T 0 T T T O T T T
-40 -20 0 20 -40 -20 0 20 -40 -20 0 20
Crank Angle (deg. ATDC) Crank Angle (deg. ATDC) Crank Angle (deg. ATDC)
400
250 —e— Measured OH* Chemiluminescence vs. OH iso-surface, 7.5 degrees after SOC

—-4A— CONVERGE - Full Geometry

The grid-convergent methodology results in excellent
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Collaboration with Sandia and Caterpillar

*Senecal et al. JEGTP 2014
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Collaborations with LLNL
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Key Findings and Recommendations
RANS Spray Simulations

*0.25 mm cell sizes provide reasonably grid converged results for non-evaporating, vaporizing,
and combusting sprays

LES Spray Simulations

*0.125 mm or finer resolutions necessary (recommended to use 0.0625 mm)
*Multi-realization averaging is necessary to mimic experimental data (at least 8 realizations
need to be averaged)

Eulerian Spray Simulations

*Near nozzle spray features are better predicted by the EE model
*EE simulations require at least |5 micron resolution near the nozzle

Nozzle Flow Simulations

*|0-15 micron resolution is sufficient to capture bulk flow features
*5 micron or finer may be needed to capture opening and closing transients
*Needle wobble has a large influence on plume-to-plume variations
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Future Directions - Engine CFD in 5 Years in CONVERGE

=  Massively parallel simulations, CPUs and GPUs

= |Improved chemical mechanisms and emissions models - predictive soot
= LES with grid-converged mesh resolution

= Eulerian spray modeling linked to nozzle flow

= Multiple cycles routinely

=  Multiple cylinders routinely

= CHT routinely

High Performance Computing is a significant enabler to helping us achieve

these goals.
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