
  

Simultaneous High-Speed Digital In-Line Holography and Pyrometry 

Measurements of Aluminized Solid Rocket Propellant Combustion 
“Ellen” Yi Chen Mazumdar1 and Daniel R. Guildenbecher1 

Sandia National Laboratories is a multi-mission laboratory managed and operated by National Technology and 

Engineering Solutions of Sandia, LLC, a wholly owned subsidiary of Honeywell International, Inc., for the U.S. 

Department of Energy’s National Nuclear Security Administration under contract DE-NA0003525.  

Diagnostic Development Goals 

Experimental Methods 

Conclusions and Future Work 

Particle Position, Size and Velocity 

Particle Temperature 

Spatial  
Filter 

Laser 

Collimating  
Optics 

Propellant 
Strand 

F1 

Holography 
Camera 

F2 

D2 

905 nm 
Pyrometer 

Camera 

700 nm 
Pyrometer 

Camera 

D1 
g 

z 

y 
dy dx1 

dx2 
LL 

Long-distance 
microscope 

CG 

Holography 
Focal Plane 

Pyrometer 
Focal Plane 

Experimental Setup 

• From a single experiment, joint time-dependent position, size, velocity, and temperature 
statistics are successfully  collected and automatically processed using custom algorithms 

• Technique is robust and can be applied using high-speed or conventional cameras 
• Next step: combine current method with other techniques to assess gas-phase behaviors  

 

Oxide Cap 

Flame 
Zone 

Aluminum 
Particle 

Burning 
Surface 

2 mm 

Epoxy 
Inhibitor 

Propellant 
Strand 

Particulate 
Trail 

Burning 
Surface 

g 

500 μm 

• The emission of aluminum particles is 
approximated as  gray-body 

• If ℎ𝑐/𝜆 ≫ 𝑘𝑇 then Wien’s 
approximation can be used, 
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• By comparing two images taken at 
different wavelengths, the 
temperature at each pixel is, 
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• The constant 𝜂1/𝜂2 for each pixel  is 
calibrated from a black-body source 

• Focus assessment shows <4% 
temperature variation 
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• Obtain joint statistics of position, size, velocity, and temperature for metal combustion 
• Solid propellants contain aluminum particles that agglomerate during combustion 
• Joint statistics are used for modeling and assessing propellant performance/risks 

 
 

• High-speed (20 kHz) digital-inline holography (DIH) is used to measure size and location 
• Two-color imaging pyrometry is a complementary technique  for estimating temperature 

• Raw holograms are collected  and numerically 
refocused by solving diffraction equation for z, 

𝐸 𝑥, 𝑦; 𝑧 = ℎ 𝑥, 𝑦 𝐸𝑟
∗ 𝑥, 𝑦 ⊗ 𝑔(𝑥, 𝑦; 𝑧) 

• Locations, sizes and distances from the propellant 
surface  (x, y, z, d, and L) are automatically 
processed 

• Particle velocities are calculated using tracking 
across multiple frames; this information can be 
used to estimate local gas velocities 

• Size distributions measure agglomeration effects 
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Solid Propellant Composition: 
70 wt. % Ammonium Perchlorate (AP) 
10 wt. % hydroxyl terminated polybutadiene binder (HTPB) 
20 wt. % micrometer-size aluminum particulate 
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Temperature vs. Size 
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Particle Position, Size and Velocity  
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Time-Dependent Particle Behaviors 
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Legend 
• D1 – Reflect 532 nm,  

Transmit 650 to 900 nm 
• D2 – Reflect 650 to 750 nm,  

Transmit 850 to 950 nm 
• F1 – 700 nm Filter, 10 nm FWHM 
• F2 – 905 nm Filter, 10 nm FWHM 
• LL – 532 nm Laser-line Filter 
• CG – Cover Glass 
• Cameras – Photron SA-Z,  

framerate 20 kHz,  
exposure 2.75 to 15 μs 
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