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Experimental and Numerical Study of Air-Breathing Mode Propulsion
by Solid Nd:Glass Nanosecond Pulse Laser
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Abstract With a 1.06 um solid Nd: glass nanosecond pulse laser and a bell-shaped thruster made of K9 glass, both
vertical single-pulse propulsion experiment and the corresponding numerical simulation are studied. The results
show that, the focal length dominates among the structural factors of thruster in the propulsion by nanosecond pulse
laser. The larger focal length corresponds to a better propulsion performance, and at the same focal length, the
thruster with smaller open angle and longer scale can achieve higher impulse coupling coefficient, which are different
from the results achieved in the propulsion by a microsecond pulse CO, laser. It is believed that the reason for the
poor performance of thruster with shorter focal length is the thermal damage of thruster caused by ultrashort pulse
laser. The 12.5 g thruster is vertically propelled for a height of 24. 5 mm by a 18 ] single pulse laser, and its

impulse coupling coefficient is 478. 75 uNes+] '. By comparing with the experimental results based on the CO,

laser, the nanosecond pulse laser is better than the microsecond pulse laser in the single pulse propulsion.
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Table 1 Parameters of the K9 glass bell-shaped thrusters

Focus Radius Height
Model Mass / g
/ mm / mm / mm
1 5 15 11.25 6
11 5 20 20 17.5
111 10 20 10 12.5
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Fig. 3 Three-thread guide and thruster
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Fig. 4 Schematic diagram of vertical propulsion test
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Table 2 Experimental datas of vertical laser propulsion

Pulse Propelled distance Muzzle velocity Impulse Momentum coupling
Thruster Mass /g )
energy /] of thruster /mm of thruster /(m/s) /(10 *Nes) coefficient /(pNes*]"")
16 0. 56 3. 36 224
15 218.5
14.5 0.53 3.2 213
28 0.74 4. 44 246.9
1 6 18 245.8
27.5 0.73 4.4 244.7
29.5 0.76 4.56 228
20 229
30 0.767 4.6 230
2.5 0.22 3. 87 258.3
15 255.65
2.4 0.217 3. 80 253
4.5 0. 297 5.20 288.7
11 17.5 18 288.7
4.5 0. 297 5. 20 288.7
4.6 0. 30 5.25 262.7 ~
20 263. 45
4. 65 0.302 5.28 264. 2
10 0.443 5.54 369.2
15 382.4
11.5 0.475 5.93 395.6
24.5 0.693 8. 66 481.2
il 12.5 18 478.75
24 0. 686 8. 57 476. 3
26 0.71 8. 875 443.75
20 442.8
25.5 0.707 8. 837 441. 85
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Fig. 6 Thrust curves of three thrusters versus

time by single pulse laser (20 J,20 ns)
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Fig. 8 Thrust curves of thruster I with different

pulse energies
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