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Processing PLIF and CFD data to make comparisons
of the mixture formation process

* Setup
Engine operation
Experimental uncertainties
CFD models used
* Metrics for comparison
Spreading angle and penetration length quantification
Spray structure: deflection of spray by swirl
Fuel concentration gradients

* Comparisons
* Summary



Setup PLIF Experiments in the SNL light- [l

duty single-cylinder optical engine I

e Combustion chamber

e Bowl volume: 0.028 L
e Squish height: 1.3!
* Geometric comprg

Fused silica
piston top
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Setup PLIF Experiments in the SNL light- A",‘;‘e‘f;z't“"eg”/ / § 7 7

duty single-cylinder optical engine I L. st

* lllumination source
* Nd:YAG, 4t harmonic (266 nm)

e ~30 mJ/pulse (relag
measured for each

Fused silica
piston top

e Laser sheet thicky

* Imaging |
Piston mirror

Bore x stroke 82 mm x 90.4 mm
Compression ratio

Injector type Solenoid

Included Angle



Uncertainties of PLIF measurements

. . . ) -20.0 CAD ATDC
* Dewarping-induced error in radial Cycle 04
locations: measurements near chamber

center (R<~7mm) aregss reliable.
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SB1 There are many other sources of uncertainty, such as signal trapping, background reflections of fluorescence, fluorescence

from laser light reflected off of chamber surfaces, camera nonlinearity at high intensities, etc.
Busch, Stephen, 8/11/2016



Setup: CFD spray models

e Blob injection model

* Initial drop sizes equal to effective
nozzle diameter

e Rebound model
 No wall film formation

* O'Rourke Turbulent dispersion model
* Dynamic drop drag model

e KH-RT modified breakup model

* NTC collision model

* Post model for collision outcomes

* Frossling correlation to model spray
evaporation
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Injector clocking

e 7 holes with equal azimuthal distribution

-15.0 CAD ATDC 2
* Jet 1: axis oriented 213 from horizontal Jet 1 -~
axes W e
* Angle estimateg itre jet - ¢

penetratigs \_



Spreading angle and penetration

SB2
length quantification

LTC 3bar SSE -27 CAD ATDC
-22.5 CAD ATDC
Cycle 04

e Background subtraction:
* For-22.5and -20°aTDC, ¥ fye1,4<0.0025 was removed

* For CAD>=-17.5°aTDC, ¥ fye14<0.0010 was removed

e Spreading angle and g
calculation using ECJ
Paper 960034),
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SB2 When publishing this work, it will be important to cite work that demonstrates how fluorescence-based and schlieren
measurements compare, as Siebers developed his methodology for schlieren images.

I believe Ethan's paper shows a comparison of these things.
Busch, Stephen, 8/11/2016



Spray structure characterization

* Fuel concentration-weighted centroid
evaluated along multiple profiles (shown
as white lines) acrossgach jet

* Ensemble average prg implified
representation of jg "o gsight
into how jets a4 bd by SW

Ytoe o NTY

* The prg



Characterization of jet deflection
Fuel mole frac.

* Ensemble averaged image shown with red lines -10.0 CAD ATDC
indicating jet axes 00te

* Red bars show ensemble gveraged fuel
concentration-weighted caids for each jet
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Characterizing fuel concentration
gradients

* Fuel concentration data have been
collected along the white profiles shown
on the right

position,
of the

* For each cycle, jet, ang
the gradient on the
jet is estimated

°* see initio

centratiop
Fmputed base
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Results



Spreading angle comparison

* Simulated spreading angles are typically
smaller than experimentally determined
angles

* The experimentally dégarmined
spreading angle chang
with crank angle
e Can this bgd

Spreading Angle (deg)
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Penetration length comparison

e Simulation over predicts spray
penetration regardless of spray angle

e Larger spreading angles may provide
better results

e Over prediction is relg
in the injection evg
increases witg
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Spray structure: jet-averaged angular
deviation from jet axes

* Squish region: deviation under-predicted
after 15 CAD ATDC
At 12.5 CAD BTDC, wirl-induced
displacement of mi M the squish
region is under p .
* Bowl: deviation edjctet e r
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Upswirl fuel concentration gradients ~10 CAD ATDC
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Radial gradients in jet head

* Experimental data are available / reliable
for crank angles of 17.5, 15.0, and 12.5
CAD BTDC

e Simulated jetsreach t by 15 CAD
BTDC; radial gradieg §.is not
available after t&
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Summary

Simulated jet spreading angles are smaller than experimentally determined
spreading angles

e Experimentally determined spreading angles change with crank angle
Simulated spray penetration is over predicted

e Spray reaches the bore wall much sooner in the simulation than in the experiment
(if the jets reach the wall at all in the experiment)

Jet deflection by swirl is under predicted, especially after ~15 CAD BTDC

Concentration gradients seem to match within reason
e Match within range of cycle-to-cycle variability for a given jet
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