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Outline of Presentation:

1. Introduction (Flame-Wall Interactions)
2. Diagnostics Development (Coherent Raman Imaging)

3. Measurement of Spatio-Thermochemical States during
Side-Wall Quenching Combustion

4. Conclusions and Outlook
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- ¢rr Flame-Wall Interactions are Important

= Burned gas temperatures in combustion chambers are in the
range of 1500-2500 K and wall temperatures are between
350-750 K

= Heat losses and radical quenching leads to flame quenching
= Incomplete combustion with UHC, CO and soot production

= Flame - wall interactions also affect efficiency of the overall
process and pollutant formation [Alkidas 1999]

/ \

30% combustion energy in 40%o of unburned
an engine is lost by heat hydrocarbons in engines
transfer through the wall is due to FWI
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Canonical Flame-Wall Interaction

= Two pure types of flame-wall interaction

e Head-On Quenchin
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f C%?F Generic two-beam phase-matching scheme for hybrid
e fs/ps 1D-CARS
» Improved spatial resolution (< 50 um).
» Automatically overlapped pump/Stokes fields, S
temporally and spatially, makes the technique GP?‘
more robust and higher pulse energy available. PBS /

BD

S-branch
Av=0
A)=2

Energy condition, DB-RCARS

CL

® 40 mJ / pulse @ 532 nm (~70 ps), 20 Hz
® 4.5 mJ / pulse @ 800 nm (~45 fs), 1-10 kHz

Time synchronized femtosecond (fs) and picosecond (ps)
laser system, phase locked to an external 100 MHz RF source
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C’/'JY\?F Single-laser-shot 1D-CARS measurements
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| (%I\?F Single-laser-shot 1D-CARS measurements
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Two-beam Ultrabroadband CARS
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Phase-matching condition

Vector mismatch

Beam crossing
angle (0)

__. Al parallel beams

Raman shift

* Perfect phase-matching in two-beam CARS is achieved only in
collinear arrangement

* Higher Raman shifts and higher intersection angles yield higher
phase-mismatch

CARS amplitude buildup and signal equation:

CARS Signal Intensity (normalized)

CARS Phase-Matching for Two-Beam CARS
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Cé\PF 2D-CARS Signals Ultimately Limited by the 2D Phase-Matching

Orthogonal beam crossing offers the highest possible 3D spatial sectioning of the
CARS signal <50 um in all three spatial dimensions.
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For orthogonal crossing, one must sacrifice FOV for high T assessment, or vice versa.
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. CRF 2D-CARS Signals Ultimately Limited by the 2D Phase-Matching

Spatial sectioning and FOV requirements dictate optimal 2D CARS setup
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C}’\\Y\QE Two-beam 2D Ultrabroadband CARS

e Current experiment is optimized for the widest image with sufficient
bandwidth detection AND 0.4-0.6 mm spatial sectioning resolution.

* Increased sensitivity over a wider FOV could be established with a more

typical CARS probe volume of ~ 1 mm.
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/\%F Simultaneous temperature imaging and
F wideband chemical detection
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| C%\?F Ultra-broadband 1D-CARS diagnostic performance
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| C//‘]\?F Spatial Averaging Distorts CARS Imaging Results
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* Realistic amounts of spatial averaging, whether by optical imaging blur or
an extended probe volume, cause significant error to evaluated rotational
CARS temperature profiles.
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2 Ultrabroadband 1D-CARS Enables Simultaneous
CRE.  petection of Species Profiles and Thermometry
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2N High Fidelity 1D Temperature Imaging is Achieved

_CRE, Across the Thermal Boundary Layer

(a) @® Premixed CH,/Air, ®=1.2
@ Premixed CH,/Air, ®=1.0
@ Premixed CH,/Air, ® = 0.8
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A ' High Levels of Precision are Achieved Even in the

CKE; Quenching Zone

f

1. Pre-Quenching and Unburned Reactant Zone
2. Quenching Zone
3. Post-Quenching Product Zone
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Even in the most difficult zone (nearest the
wall at the moment of quenching) single

0 20 40 60 shot measurements exhibit excellent
y [mm] precision.
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g\g Near-Wall Ultrabroadband CARS Imaging:

Measurement of thermochemical states
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Demonstrated the simultaneous 1D coherent Raman detection of N,, O,, CH,, CO,, H,, and
even CO as well as thermometry.
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CRE Summary

,‘.

* QOur technique for 1D CARS imaging has matured into a single-shot

temperature assessment capable of applied measurements across the thermal
boundary layer near walls.

* Demonstrated the measurement of spatio-thermochemical states during
quenching via simultaneous 1D coherent Raman detection of N,, O,, CH,, CO,,
H,, and even CO as well as thermometry.
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CRF Looking to the Future
i
Ultrabroadband 2D-CARS during Flame-Wall Interactions
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Simultaneous measurement nonresonant excitation profile to improve single-
shot precision in ultrabroadband Raman species detection
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& Two-beam 2D Ultrabroadband CARS

Cylindrical lens

CCD plane

i& Imaging lens %i
1 1

| ing | \
1¢— Imaging lens

1
.

1

I

1

i
€— d —>i€ Relay imaging > Beam stop
Mirror i
1

(H)
O Probe Concave
@ Pump/Stokes mirrors

Short-pass Transmission grating

filter

e Astigmatic focus allows full use of available beam irradiance
 Expanded beam through detection optics -> only spectral filter required for probe
suppression

COMBUSTION RESEARCH FACILITY 23 @ Sandia National Laboratories



