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' %! Relevance/Objectives:
CRE Heavy Duty In-cylinder Combustion
-

Long-Term Objective )

Develop the science to explain in-cylinder spray,
combustion, and pollutant-formation processes for
both conventional diesel and LTC that industry needs
\_ to design and build cleaner, more efficient engines )
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CRE. Sandia heavy-duty LTC optical engine
Background: Since late 1980’s, in-cylinder
diesel spray, combustion, and pollutant
formation has been studied at Sandia with
multiple laser/optical diagnostics. Data are
the basis of conceptual model of
conventional diesel combustion. However,
onerous required optical access, design
considerations for many such diagnostics.
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A:RF Objectives of today’s presentation

e Infrared hydrocarbon fuel vapor imaging diagnostic

— Overcomes optical access limitations, reactivity and oxygen
quenching challenges

e Laser-less high-speed PIV technique
— No laser repetition or Q-switching limitations

e Time-resolved PIV analysis for transient jet flows

— Jet boundary is defined in a way that is robust to confinement and
axial gradients.

COMBUSTION RESEARCH FACILITY @ Sandia National Laboratories



cﬁf
2\ Low temperature reaction ‘softens’ schlieren

| gradients, making vapor detection difficult
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COMBUSTION RESEARCH FACILITY @ Sandia National Laboratories



p—y : ..
2\ Spectral models predict emission is strong for fuel,

CRE. \weak for combustion products near 3.4 microns

Pe=15atm, P, =1.28atm, Optical Path=2cm Pia=15atm, P, .=0.76atm, Optical Path=2cm
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%C;?F Sample images used for processing
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IR imaging of hot fuel emission in whole piston
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Schlieren

Phantom v71

Lens: 50mm f/11
Frame rate: 25kHz
Exposure 40us
Scale: 9.67 pix/mm
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bowl, vs schlieren at overlapped flat windows

High-speed CMQOS camera
21 .6kfps (broadband lum,)
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CRE Future Work — “SchLIFIR

.

Simultaneous Schlieren, LIF and Infrared™®
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onal, images shown were not acquired simultaneously (yet)

Frame rate: 1 image / cycle .

Exposure: 0.3us (Gain=70)
Scale: 11.4 pix/mm

Frame rate: 14.4kHz
= Exposure 5us
e  Scale: 9.5 pix/mm
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LaserLess PIV
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® Contours (0.1-1. O)
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. FrE PIV Entrainment Analysis

2 laser cavities

Nd:YLF, 527 nm
10kHz - 2m] per pulse

Photron SA1
High Speed camera
20kfps
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