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Outline evolution of plasma from planar carbon target ablated by laser
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Abstract ; Laser plasma propulsion is a strategic commanding point in the field of aerospace in the future, while the
outline evolution of laser plasma has become a necessary condition for laser plasma shock wave propulsion. In this pa-
per,based on the basic theory of the formation of laser plasma,the outline parameters of laser carbon plasma is simula-
ted , then measured under different laser power density by using a Nd : YAG laser with wavelength of 1. 064 pm and
pulse width of 10 ns and so on. The simulated result is proved by the measured data. In addition, the images taken by
a color digital camera show that the evolution procedure of laser carbon plasma can be observed from underdeveloped
to fully developed,and then to overdeveloped when the operating voltage of the laser rises from 700 V to 1100 V. Thus
the condition for fully developed laser carbon plasma is adjusting the working voltage of laser to 850 V,the average
output energy is 157. 1 mJ and power density is 4. 45 x 109 W/cm’. As the developed degree of plasma correlates to
the propagation and action of laser plasma shock wave,its research becomes an important step to laser plasma shock
wave propulsion.
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Fig. 1 Variation of ablative pressure with laser

power density
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Tab. 1 Simulated parameters of carbon plasma under different laser power density
S R EE

P/( x10°W - em™2) 2.34 2.96 3.52 4. 45 5.19 5.57 6.29 6.72 7. 80
P./( 10'°Pa) 6. 9449 8.0374 8.9185 10. 2815 11.2868 11.7823 12. 6793 13. 1931 14. 4380
« 0.3 0.8 1.3 1.6 1.8 1.9 2 2.1 2.2
T/K 15427 17172 18228 19032 19343 19548 19817 20012 20319
n/( x10%em=3) 3.262 3.392 3.546 3.915 4.228 4.368 4. 636 4.777 5. 149
NC/><1016 4. 403 5. 603 6. 652 8.415 9.818 10. 54 11.901 12.71 14.766
V,»/mm3 13. 508 16.533 18.776 21.513 23.238 24. 151 25. 689 26. 626 28. 699
V/mm® 13.52 36.79 68.70 106. 55 140. 58 161.47 189. 81 217.43 259.01
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Fig. 3 Pattern of outline evolution from laser carbon plasma
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Tab. 2 Measured parameters of laser carbon plasma

% ¥ )2 Bcdhe
HLE/V 700 750 800 850 900 950 1000 1050 1100
S RE R/ m] 82.2 104. 6 124.2 157. 1 183.3 196. 8 222.2 237.3 275.5
B RFER/( x10°W + cm™2) 2.34 2.96 3.52 4.45 5.19 5.57 6.29 6.72 7.80
Sepr TR KB/ mm 2.46 3.55 3.98 5.04 5.63 6.1 6.38 6. 68 7.19
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Fig. 4 Simulated volume of laser carbon plasma compared with measured one
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