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BEN. Introduction

x  Spray visualization has been behind most of the data shared by the differer
Institutions on the ECN website since its creation

xVisualization of sprays generated by several Spray G injectors have been
performed by five groups:
o Istuto Motori, IFPEN, University of Melbourne, GM and Sandia

x The bulk of the experiments is liquid and vapor penetration to compare the
global spray development parameters of the different injectors

x The ECN recommends using diffused b#daknination (DBI) to measure
liquid length, but Mie scattering has also been used for comparison

x Vapor penetration has been obtained wahlieren

x The primary focus is Spray G with the conventional orientation (#1)
o Ambient temperature: 573 KAmbientdensity: 3.5 kg/m, Injection pressure: 200 bar
x Additional conditions (other than Spray G) varying ambient density (and
temperature) have been tested by some institutions

«  Additional experiments such as front Mie scatter or l@hstance microscopy
(LDM) have been performed by Sandia
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BEN: Institutions

X

Five institutions, with different facilities, capabilities and experience performr
the first ECN Spray G experimental work
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“Ysen; Optical arrangements: Mié

Mie scatter has been used by Sandia, GM latituito Motori to measure liquid
penetration

Schliererhas been used to capture the /3 “ms NS

global envelope of thgaporizing -
ISo-octane sprays a5 Parabolic

HS C-MOS

"HH! w

Schlieren
stop

Sandia National
Laboratories

Sandia and GM acquired Mie
scatter andschlieren

| AMOS
simultaneously

Notethat GM used an imag&traddling strategy (1 frame Mie,sthlierer)
Sandia also performed frosiew Mie scatter visualization of the sprays




“Ysens Optical arrangements: Di

x As recommended by the ECN, diffused bédlaknination has been used to
probe liquid penetration under vaporizing conditions (SNL, IFPEN and UM)

High-speed CMOS SEINISUIEeS Field
150 kfps

lens

) Engineered

Nikkor 50 mm diffuser

: f1.2 - fi11
, <
] H
y = /4
BP filter _

450 +/- 25 nm Quad-die

Blue LED
=< 300 mm 600 mm > (A ~ 460 nm)

Fuel injector

x  Diffused backllumination uses the extinction produced by the spray droplets
to provide a measure related to the liquid volume fraction

x This method is also recommended by the GDI spray community (J2715)

x Even though DBI offers a seHlibrated measure of extinction, the measured
extinctionhas been observed to be systatependent




“YseN: Optical arrangements: L€

X

Longdistance microscopy (LDM) has been used to take a close look at the |
right at the nozzle exit

Nearnozzlefield andvisualizationwith approx.8 um resolution, offering a
detail description of the first millimeters of the spray

X

High-speed CMOS Combustion vessel Field

150 kfps

lens

Long-distance
microscope

Engineered

Quad-die
- Blue LED
150 mm 600 mm (A ~ 460 nm)

Fuel injector

X

Highspeed eMOS equipped with londistance microscope lens (Kastama

Specially designed ultBF &0 [ 95 OF LI o6t S 2F all
pulse duration

X

i Offers continuousigh-speed imaging to track liqugtructures and fuel stream atomization




« Below Is a nomexhaustive list of the experimental contributions from the
different institutions for this effort:

i Istituto Motori: Cold vessel 300 K ambient temperature 3.5 kg/n? density¢ 200 bar
Injection pressure; Injector 17

o Liquid penetration: Mie scatterside illumination, side view
o Central plume penetration and global spray average spreading angle ferapmrizing sprays

o University of Melbourne: Constant volume vessé@8pray G573 K ambient temperature 3.5
kg/m? density¢ 200 bar injectiorpressure) Injector 18

¢ Liquid length: Diffused bagkumination
i Global penetration for the liquid portion

i IFPENPreburnvessel SprayGand ¢ Injector22
o Liquidlength: Diffused backlumination and Mie scattering front illumination, side view
i Vapor boundarySchlieren
i Globalpenetrationfor both liquid andvapor and liquid extinction profiles

i GM: Constant flow vesselSpray & Injector16 and 28
¢ Liquid lengthMie scatteringg front illumination, side view
i Vapor boundarySchlieren
i Global penetration, spreading angle and probability enveldpeboth liquid andvapor

i SandiaPreburnvessek Spray Gand ¢ Injector28
o Liquid lengthDiffusedbackilluminationand Miescatteringg front illumination, front and side view
i Vaporboundary:Schlieren
i Global penetration and spreadiragle for both liquid angapor and liquid extinction profiles
i Highspeed neainozzle microscopy



“Ysen: Image processing definit

x Even though we tried to keep the experimental diagnostics and processing
methodologies similar, reatorld constraints got the last word

x Liquid length has been measured by diffused b#aknination and Mie
scattering

o Diffused backllumination looked at the extinction: YF 0.9 to defined liquid boundary

u  Mie scattering used the recommendations from the diesel effort of 3 % of the maximum
scattered intensity

xVapor was measured I®chlierenand the jet boundary was obtained with the
algorithm available on the ECN website
i The standard deviation of the higgpeed images is evaluated to determine the border

« Both liquid and vapor penetrations correspond to the maximum axial
penetration of the processed boundary

x  Spreading angle is measured as the angle between the orifice and the spre
width taken from the processed liquid and vapor boundaries at 11 mm

These are preliminary processed results of measurements performed over th
few days!
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BEN: Highspeed visualization:

SNL
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x Three groups used diffused back
illumination to measure liquid length
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« DBl is the standard diagnostic recommended

by the ECN for liquid length
x |IFPEN movie is for an average of 10
repetitions

x Melbourne did not have a higépeed
camera for these experiments

600ps ASOI




x Liquid penetration measured via Mie
scattering shows relatively good
agreement between facilities and injectors

« lIstituto a 2 (i 2sNAyQdre nowaporizing,
explaining the longer liquid penetration

xUniversity of Melbourne processed the
liquid length of the central plumes instead
of the global axial liquid penetration

« {FYRAFQa f2y3ISNI f A
to be attributed to low SNR for these rut

x The standard deviation across the many
repetitions show similar results for all
laboratories

«The high deviation at the end is due to
the scatter in evaporation rates after
Injection until full vaporization



