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Background: Aluminum Combustion 

Kinetic 
Limited

Diffusion 
Limited

Combustion Regimes:

Need for robust suite of diagnostics to probe high 
pressure combustion

Gaps in Understanding:

Absorption spectroscopy
• Pressure broadening 
• Lack of lasers in visible wavelengths

Emission Spectroscopy 
• May become optically thick
• Spatial uncertainty due to scattering

Combustion Diagnostics:

Bazyn et al. 2006
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Aluminum Combustion Diagnostics 
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Location of LAS 
& emission

Schlieren & Color Imaging

Schlieren & Color imaging indicate position of burning Al relative to Emission & LAS

Schlieren Color Imaging

RodAl Particles
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Emission Fits

High Pressure Diagnostics: Emission
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Approach: The Particle Curtain
Absorption Fits:

Increasing 
Pressure
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Results:

Extreme pressure broadening

High Pressure Diagnostics: Absorption 
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Aluminum 
Absorption

Weak AlO

Absorption Spectrograms 

No Al

• Absorption identifies Al & AlO
• 100 kHz time resolution can be used for ignition 

delay & burn time

 Al
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Temperature Fits

(a)

Uncertainty from 
shock speed

Endwall Pressure 
Trace
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Emission 
• Optically thick 
• Fits give artificially high temperature

Temperature Fits 

1018 Unable to 
fit emission 

Absorption: 
• Temperature fit matches CEA
• Column density variations associated 

movement of particles into FOV
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Conclusion

Absorption diagnostic has potential for future physics focused experiments, 
particularly at high pressure conditions where gaps in the fundamental 
understanding of particle combustion remain
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Questions?
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Next Steps: Characterize Particle loading 

Incident Shock

Spatial 
Filter

Collimating 
Optics

Holography 
Camera

Puffer 
location Dichroic mirror

Near IR VCSEL for 
AlO Absorption 

IR Detector

VERDI

• Characterize particle loading in 
situ with digital in line holography
• Measure number of particles in 

laser for each test
• Enables comparing AlO 

measurements between runs 


