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2 Our Mission: diagnostics from lab to full-scale

• 80 mg PETN
• 123 mg RDX
• Aluminum case

Phenomena of interest:
Solid-phase detonation waves

Strain and failure of metal cases

- Fragment generation and
propagation

Afterburn fireball temperature

Soot and particulate formation

- Fireball radiative properties
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Fragmentation Diagnostics



5 Fragmentation Models Need Experimental V&V
Experiment

t = 1.0 itts

1 0 rnm
mom

Measurement needs include:

•Initial case deformation DIC

•Breakup dynamics X-ray

*Sizes and Velocities Fragment Tracking

Model (Courtesy F. Perez)

1
1

*With Frank Perez, Andrew Thompson, Steve Attaway



I6 Fragment Tracking at 2 MHz
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7 ~ i 0 pound fragmenting explosive device at SNL

Reflective Screen

*With Phil Reu, Tim Miller, Mark Anderson, Steve Attaway, and many others



~10 pound fragmenting explosive device at SNL
t = 1 52 ms

Trilnsplated
Top-Down View
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9 Plenoptic Imaging of Fragments
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*With Elise Hall (Auburn University), Brian Thurow (Auburn University), Lee Stauffacher



10 Holography for Extremely Fast/Small Fragments
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Phase Conjugate
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12 Fragmentation Models Need Experimental V&V
Experiment

t = 1.0 itts

1 0 rnm
mom

Measurement needs include:

•Initial case deformation DIC

•Breakup dynamics X-ray

*Sizes and Velocities Fragment Tracking

Model (Courtesy F. Perez)
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13 I Case strain at 5 MHz (P. Reu,T. Miller)

Digital Image Correlation (DIC)

Full-field surface tracking for solid
mechanics investigations

RP-80 Detonator
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14 X-Ray Diagnostics at 2 MHz

X-rays penetrate the flash
and smoke during
fragmentation

Pulsed X-ray
Source Array

I High-Speed
Object Camera

Scintillator

Six-Headed Flash System

II
Working toward:

• Continuous movies

• Tomographic
reconstruction

CW X-ray
Source j 1.11 High-Speed

Object Camera

Scintillator

Continuous Wave System

*With Ben Halls, Luke Lebow

B. Halls, L. Lebow



Fireball Temperature Diagnostics



16 Propellant Fires

Simultaneous holography and pyrometry

Size, velocity, and temperature of
burning aluminum particles

905 nm
Filter

Laser

700 nm
Filter

*With Yi (Ellen) Chen, Kate Hoffmeister, Marcia Cooper, Lee
Stauffacher, Mike Oliver, Sean Kearney, Ephraim Washburn

Temperature Estimate

(d) ,

Flamd Zone

ar

'Aluminum!.
Particle 500 gm

3000

.-.: 2900

2800

2'
2700 —

22560000 li2

2400 a

i-

2300

2200
Refocused Hologram

(e)

Flame Zone

Aluminum
Particle

Oxide
Cap

500 pm

N2/02 Rotational Coherent Anti-Stokes Raman Scattering (CARS)

Gas-temperature and
species concentrations

X/2 f = 500 mm

Burner

f =
100 mm

* With Sean Kearney, Lee Stauffacher
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17 Propellant Fires

Three-Beam Vibrational
Hydrogen CARS
• Decreased probe volume (-1.9 mm)

• Sensitivity to higher temperatures

• Directly detect a fuel produced from
AP decomposition (H2)
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18 _ Propellant Fires

Three-Beam Vibrational
Hydrogen CARS
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Non-intrusive diagnostics
enable resolution of gas- and
particle-phase temperatures

in metalized fires
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19 Fireball from a PBX/HMX Detonator
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t = 3.00 ms

350 m/s

Questions?
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