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INn open space

Kantrowitz 1972

Myrabo et al. “Lightcraft” 1997
Bohn 2000
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“De la terre a la lune (From the Earth to the Moon)”



Lawrence Livermore N. L.
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Hertzberg, Bruckner, Bodganoff (University of Washington, 1988)
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Laser-driven In-Tube Accelerator, LITA

Operation principle

Shroud Acceleration tube
Inert gas ' Strut

Laser beam
P

Blast wave

Thrust Breakdown
Remote power delivery

Propellant not on board

Present experiment

. a Plug flange
\‘#" (Brass)

Acceleration tube
. (Acrylic)

Thrust

Frojectile

™~

Pressure transducer
»  (PCB 113A21)
—

Window
(NaCl)

COz laser beam

Mirror
(Mo}



Apparatus

LITA?25 LITAS0
@ 25mmx 1m L aunch tube ® 50mmx 4m
39 Projectile weight 129
42% Center body projection areg 70%

N L aser energy 10J
100Hz frequency 50Hz




Breakdown



Blast wave generation &
propagation (Xe, 100 kPa)




Influence of driver gas species

- At the same delay time; 14ms
- Fill pressure;100kPa




1
({, Effective time duration) (@. Speed of sound)

al constant

Fill pressure; 100kPa




Determination of C,,

(Momentum coupling coefficient)

m
Cn= —2

' " f E
T m; Mass of projectile

g, Acceleration of gravity

E; Laser energy (variable)

f,, Laser repetition frequency
necessary for hovering (variable)



Temporal scaling law

Impulse = F -At

= (overpressure)x (duration) 1/a

‘?
Independent of a 1/a

400

100kPa
300 -

e Xe
« Kr
m Ar

100 200 300 400
a(m/s)



Detalls on Temporal Scaling Law

(Impulse) (Overpressure)x (Durationtime) 1/a

iIndependent of a 1/a

Overpressure histories in single shot (Rear incidence, 100kPa)
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Impulse Increase due to Confinement Effect

Impulse(t) [Ns]

confined -
unconfined
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Momentum coupling coefficient:
projectile geometry dependence

] n

Type (A) Type (B)
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3.2 Single Impulse generation
using 380-J CO, TEA laser



Background

De-orbiting of space debris

<EXxisting study>

Electrodynamic tether (S. Kibe, et.al)

Laser-induced shock impulse generation

Direct laser irradiation on space debris.
(C.R. Phipps, J.W. Campbell, S. Uchida, et.al)

Target : 4 v=100m/s mass: 1



Experimental setup

Beam cross-section
150mmx 150mm

No energy area
Central 80mmx 80mm

Plane mirror

CO, TEA Laser PFOJ?Ctile
Laser diode
|| | Launch speed
T T T T measurement
Wavelength: 10.6um 5] ? R] F(Time of flight)
: i Holder
Max energy: 380J Concave mirror Photo detector
Pulse width: 100ns
Focused beam:
30mmx 30mm ®

[ ]

Oscilloscope

Fluence:47J/cm?




Confinement geometries

“Without “In-tube “NaCl plate
confinement” confinement” confinement”
Al tube NaCl plate
/ (stationary)
Laser
beam E E
:_ ;_ 30mm
/ Taper angle : 1.4 deg

250mm o

5mm /
k\
T Holder plate

220x 220mm

@ 42mm



Framing schlieren photographs
(Without confinement, POM)

Framing interval : 10us-100us

Laser energy : 334J, Launch speed : 31m/s



Launch speed and
momentum coupling coefficient

Projectile: POM (polyacetal)

Without NaCl
confinement confinement
Launch 26m/s 157m/s
Speed

Crm™ 123 N/MW 690 N/MW



POM+NaCl

Momentum gain\of projectile vs.
mass reduction by ablation
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L aser breakdown

GW
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