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Photonic Doppler velocimetry used for instant velocity

measurement of high-speed small flyer

Wu Lizhi, Chen Shaojie, Ye Yinghua, Shen Ruiqi, Liu Wei
(School of Chemical Engineering, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: Based Doppler shifted effect and self-mixing effect, an all-fiber photonic Doppler velocimetry
was developed to solve the problem when VISAR was used to measure high-acceleration flyers, the
Doppler-shifted signals often lost. Used this system to measure the laser-driven flyer’ s velocity at
different energies. The results showed that the PDV system have a high measuring success rate, high
react speed, and the calculated results is good. Compared with VISAR and F —P interference
velocimetries, the PDV have many advantages such as operation more simple, high measuring success
rate, easy for carrying. This system was suitable to measure the velocities of small flyers and small scale
detonation which had speeds between hundreds and thousands meters per second, also the usual detonation
speed measurement.
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Fig.1 Basic geometry of PDV based on self-mixing effect
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Fig.2 PDV system in our experiment
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Fig.3 Diagram of mutiple-layers flyer structure
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Fig.4 Velocity measurment setup of laser-driven flyer
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Tab.1 Parameters of pulsed laser energy

Voltage/V Laser energy/mJ Average energy/mJ  Averagy energy density/J-cm™
560 25.5 25.6 25.3 24.2 25.1 22.3 22.5 24.4 3.1
600 51.7 48.9 50.5 51.2 55.8 49.3 54.0 51.6 6.6
640 96.0 94.9 97.1 98.2 94.6 97.7 92.4 95.8 12.2
680 134.6 138.7 135.0 135.0 131.4 136.0 133.7 134.9 17.2
720 168.2 167.5 166.3 166.1 167.3 168.1 163.9 166.8 21.3
760 198.5 197.0 193.6 194.1 193.3 195.3 193.7 195.1 24.9
800 221.0 222.0 223.0 223.0 221.0 221.0 222.0 221.9 28.3
840 259.0 253.0 252.0 249.0 248.0 250.0 250.0 251.6 32.1
880 280.0 278.0 278.0 277.0 276.0 276.0 276.0 277.3 35.3
920 307.0 304.0 304.0 307.0 306.0 309.0 306.0 306.1 39.0
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Fig.7 Instant velocity curves of three kinds of CuO-Al-ALO;—Al
flyers at energy density of 28.3 J/cm®
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Fig.8 Peak velocities of mutiple flyers vs laser energy densities
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Fig.9 Times of the rising edge in mutiple flyers’ velocity
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