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Preview

 Background
 Sandia applications in “hostile” environments

 Nanosecond CARS detection in particle-laden flames

 Ultrafast (fs/ps) Rotational CARS

 Successful application to metallized propellant flame

 Propellant burn experiment

 Behavior of CARS spectra with probe delay

 Temperature/oxygen statistics

Conclusion and future work



Sandia National Security Mission Space
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http://www.cbsnews.com/news/rocket-crash-no-immediate-threat-to-station-but-cause-is-unknown/

blast/shock physics

Propellant/launch safety 

hydrocarbon fire safety

• DOE strategic systems safety
• DoD/WFO applications
• Challenging environments
• Large-scale
• Heat, blast, particulate



Metallized Propellant Combustion
 Metal burn represents an extraordinarily 

hostile environment for laser diagnostics

 Very high temperatures – T > 3000 K!

 High luminosity

 Scattering

ns-CARS spectra with and without Al particles
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• Previous gas-temperature 
measurements with ns CARS were 
unsuccessful
• Metal-particle-induced 

breakdown/plasma formation
• Disastrously high levels of 

nonresonant background



Time-Domain Rotational Raman:  laser << molecule
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fs/ps Rotational CARS processes
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fs/ps Rotational CARS processes
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fs/ps CARS instrument



Second-Harmonic Bandwidth Compression (SHBC)
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800 nm
180 cm−1

100 fs 400 nm
3-5 cm−1

3-6 psStretchers

• Commercial device (Light 
Conversion)

• Converts fs radiation at 800 nm to 
ps radiation at 400 nm

• Grating pulse stretchers

• Phase-conjugate temporal chirps 
imparted upon broadband fs pumps

• Sum-frequency generation in BBO

   2 ot t d dt t     

   1 ot t d dt t     

1 2 2sfg o     

• Conversion efficiency: 35-50%!

• Output pulse energy: 1-1.4 mJ!


sfg

~ t 1



AP Propellant Strand Burner Experiments
• Aluminized ammonium-perchlorate (AP) propellant 

strands
• Hostile environment for diagnostics

• Very high temperatures – over 3,000 K!
• Large molten-metal particles 10-100 μm
• Significant levels of smoke

• Particle size distribution measured by digital inline 
holography (Guildenbecher, Sandia)

Refocused DIH Hologram and Al Particle 
Size Distributions (Guildenbecher et al., 
Appl. Opt. 2016)

Video Recorded During CARS 
Measurements

50 mm

6-mm dia
propellant

(a) 
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Advantages of ultrafast CARS for metal-burn problems

• Low total pulse energy
• ~ 1 mJ or less
• Factor of ~40-100 lower than with ns laser pulses
• Reduces the likelihood of breakdown-type interference

• Time-gate elimination of nonresonant background
• Nonresonant signal arises from response of electrons to fs forcing
• Fast decay (fs)

-5 0 5 10 15 20 250        5       10      15     20       25
Time (ps)

Po
la

ri
za

ti
o

n
 (

ar
b

. u
n

it
s)

Background
(nonresonant) 0 ps

0

0.2

0.4

0.6

0.8

1

0 50 100 150 200 250 300

Raman Shift (cm
-1

)

C
A

R
S

In
te

n
s
it
y

(a
rb

.
u
n
it
s
)

• Raman-resonant signal results from much slower, nuclear response

16 ps
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Single-laser-shot spectra
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CARS Results from Propellant Burns 

• Results for CARS measurements within
3 mm of propellant surface shown

• Height estimated from 1-kHz acquisition rate 
and burn rate of 800 μm/sec

• Spectra dominated by N2 and O2 contributions

• Cl2; HCl; NO; NO2 also present 

• Switch to vibrational CARS for follow-on 
experiments

• Decrease measurement volume length
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Conclusion and Path Forward
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• We have successfully applied fs/ps rotational CARS in an aluminized AP 
propellant flame at lab scale

What’s next?

• Switch to vibrational CARS for improved high-temperature sensitivity
• Higher signal levels
• Improved axial spatial resolution
• 1-D line imaging

• Large-scale, 10-100 μm aluminum and temperatures as high as 3,000 K 
make this a challenging measurement environment

• Time delayed probing results in elimination of intense nonresonant 
background, presumably arising from particle-enhanced breakdown

• No loss of Raman-resonant signal!

• Temperature/O2 statistics within 3-10% of adiabatic equilibrium



AP Propellant Strand Burner Experiments

• Aluminized ammonium-perchlorate (AP) propellant strands
• Hostile environment for diagnostics

• Very high temperatures – fluctuations over 3,000 K!
• Dense field of large molten-metal particles 10-100 μm

• Particle size distribution measured by digital inline 
holography (Guildenbecher, Sandia)

Refocused DIH Hologram and Al Particle 
Size Distributions (Guildenbecher et al., 
Appl. Opt. 2016)

Video Recorded During CARS 
Measurements

50 mm

6-mm dia
propellant


