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Pressure wave propagation in a repetitive pulse air-breathing laser thruster flying at Mach 5 flow has been computed
in order to clarify the behavior of a shock wave induced by focusing laser beams in supersonic flow, as well as to
estimate the impulse acting on the thruster. As a result, the detailed process of shock reflection on the body and
the mechanism for thrust generation have been analyzed. Moreover, the estimated coupling coefficient, which is the
cumulative impulse per one pulse of laser energy, has been found to be fairly constant at a value of approximately
150 N -s/MJ, being independent of the laser energy. Results also reveal that the coupling coefficient is sensitive to

the focus location.
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Fig.1 Lightcraft configuration and divided computational zones.
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Fig.3 Pressure contours in the steady state flow field.
(max. = 180818 Pa, min. =408 Pa, incre. = 3608 Pa)
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Fig.4 Pressure contours and velocity vectors near the
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(a) t=0.5pus
(max. = 3743926 Pa, min. = 403 Pa, incre. = 74870 Pa)

Shock wave legs i

(b) t=25us
(max. = 934008 Pa, min. =405 Pa, incre. = 18672 Pa)

(c) t=5.0us
(max. = 696236 Pa, min. = 411 Pa, incre. = 13917 Pa)

Shack wava lag el . A
propagating dewnstream SiETLE VA

(d) t=7.5us
(max. = 1488152 Pa, min. = 1153 Pa, incre. = 29740 Pa)

(e) t=10.0 us
(max. = 1207828 Pa, min. = 1399 Pa, incre. = 24129 Pa)

(f) t=15.0 us
(max. = 647684 Pa, min. = 1400 Pa, incre. = 12926 Pa)

Fig.6 Pressure contours and velocity vectors at ¢ = 0.5 ~ 15.0 us in the case of laser-focusing on the cowl with 400 J

energy.
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(a) t=20pus (f) t=060pus
(max. = 3550556 Pa, min. = 1400 Pa, incre. = 70983 Pa) (max. = 103193 Pa, min. = 157 Pa, incre. = 3613 Pa)

(b) t =25 us (g) t="70 us
(max. = 637040 Pa, min. = 1400 Pa, incre. = 12712 Pa)

(¢) t=30pus (h) t =100 us
(max. = 540184 Pa, min. = 1421 Pa, incre. = 10775 Pa) (max. = 46978 Pa, min. = 200 Pa, incre. = 3612 Pa)

(d) t =40 us (i) t= 300 us
(max. = 46978 Pa, min. = 47 Pa, incre. = 3615 Pa)

(e) t=50pus
(max. = 134052 Pa, min. = 1962 Pa, incre. = 3577 Pa)

Fig.7 Pressure contours at t = 20 ~ 300 us in the case of laser-focusing on the cowl with 400 J energy.
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Fig.8 Pressure contours and vector plots at t = 1 us in
the case of laser-focsuing at the middle point of the flow

channel with 200 J energy. (max. = 740595 Pa,
min. = 405 Pa, incre. = 14804 Pa)
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Fig.9 Pressure contours and vector plots at t = 30 us in
the case of laser-focsuing at the middle point of the flow

channel with 400 J energy. (max. = 1207828 Pa,
min. = 1399 Pa, incre. = 24129 Pa)
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Fig.10 Thrust histories in the cases of laser-fo cusing
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Fig.11 Thrust histories in the cases of laser-focsuing
on the cowl and at the middle point of the flow channel

with 200 J.

Fig.12 Pressure contours and vector plots at t = 5 us in
the case of laser-focsuing at the middle point of the flow
channel with 100 J energy. (max. =771276 Pa,

min. = 1399 Pa, incre. =15398 Pa)
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Fig.13 Coupling coefficients.
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