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* Detonation fireball temperatures are an important parameter to * Spectrograms were processed prior to spectral fitting using a dynamic * In an accident scenario, burning solid rocket fuel can be a major hazard * In these experiments a stick of metalized propellant is burned while the
understand for safety regulations and planning, the safe destruction of background correction, and normalizing by the nonresonant due to the intense thermal radiation and the harsh chemicals released CARS measurement location is held fixed
chemical weapons, and for validation of explosive modeling background * Solid rocket fuel (propellant) flames are challenging environments for * Initially, the lasers are blocked by the unburned propellant
* Diagnostics in explosive environments are extremely challenging due to: * A library of pre-computed CARS spectra were used to fit each row of optical diagnostics and are characterized by: * As the propellant burns downward, the location of the CARS
* Steep temperature and pressure gradients data * Multi-phase plumes with burning liquid metal droplets measurement clears the burning surface and rises into the flame
* Blast wave * An instrument function was varied as one of the fit parameters dues to * Temperatures near 3000 K plume
* Optical density of detonator fireball distortions or beam steering in the detection optics * Corrosive chemicals such as HCI * Once the CARS measurement volume nears edges of the plume or
* Short time scales * Previously in our laboratory these flames were studied using digital in- the product zone, the amount of H, diminished and the CARS signal
* Previous efforts to characterize detonator fireballs have focused on: " 40 line holography, imaging pyrometry, and rotational N, CARS vanishes
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* Emission spectroscopy: 5 E 39 15 * This work presents vibrational H, fs/ps
* Streak or high-speed cameras to capture time behavior e = 38 CARS measurements to study the fuel-
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* The beams were crossed to form a zero-dimensional measurement 15003
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* A 1-kHz, 40-fs regeneratively amplified fs laser (Solstice Ace, Spectra 60 141 lcus | | (right) for three different propellant burns
Physics) was split to form the pump and Stokes with 3 m]J/pulse each 12l ]
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60-ps output was used as the probe pulse % 20 S 5 ] Conclusions and Future Work
* The relative timing to the pump and Stokes pulses was varied to shift the - 4l N . . .
peak excitation efficiency to Raman shifts of 60-300 cm™; 7, ~ 40 fs 0 2l | * Vibrational H, CARS thermometry has been performed in the plume of
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Imaging systems Conclusions and Future Work 20 -""" 4L )5 Comparison of temperature measurements in propellant flames from
* In addition ;0 the CARS thermometry, the explosions were monitored * Detonator fireball temperature measurements have been performed for ~ E vibrational H, CARS, rotational N, CARS and pyrometry
with two cameras laboratory-scale detonators using rotational fs/ps CARS thermometry 0.5 ] |
* 5-MHz videos of the detonation reveal the fireball dynamics and * The temperatures are found to be in the range 300-1800 K [ T = 3000 K ' * Future work will focus on measuring other species in the flame plume to
show the arrival of the CARS lasers pulses * Future work may include -1 5' S 0 S '5 o '1'0' - '1'5 gQOU AR 4200 better understand the chemical kinetics in propellant decomposition
* A 575-625 nm bandpass filter was placed in front of a gated, * Vibrational CARS measurements of other species such as H, or CO ] Time (ps) D L and burning
intensified CCD camera to record LII-like images of the fireball and * Determination of explosive composition on fireball temperature PR o | * This data will be compared to flame models to understand the physical
show the exact location of the CARS beams (see results section) * Measurements directly before an after the detonation front Time (left) and frequency (right) domain output from H, CARS fitting code phenomena that drive heat transfer in these flames
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