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Fig. 1. Schematic diagram of the dynamic process of

laser ablation.
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Fig. 2. Computational zone and boundary conditions

of plume.
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lation and experiment.
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Fig. 4. (color online) Time variation of shielding coef-

ficient of different laser fluences.
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Fig. 5. (color online) Absorption coefficient distribution at (a) ¢ = 2.9 ps, (b) t = 3.0 us, and (c) t = 3.5 us

under laser fluence of 30 J/cm?.
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laser fluence of 40 J/cm?.
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laser fluence of 30 J/cm?.
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JeRE B E A POM R S8 &0 i Bk, <5 3 11k
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VLR 2 BN (AR A R IE U A A, 45 B TR i

JI B i ) 2 BRI, R b R T POM R 58 42 70 filf
S S TR BOLRER I R AR, H
FLF 0 I K T 1020 m =3 B 45 25 R 0ok
RER AR AT R . B, WMot RE B AR XY
TARWOG A2 B2, SPHAUN BO' RE & ¥ 57 MO U6
ZIAHXT LEBHR A, P 7 4O B RN H A2l
JRIZY, S8 TR SO B S M A EGRAL. A
SR AR L R R R R I R 15 2 R S IO B
PRI KBS BRCRT T, T 9O e SE A RE 1
Wik ftie T 55%, (HRHE T R —2%h
15, AN PR T R R X 8 A < Je UKL X 2B IR B ik
R RS WAL 3 T, BRAT RS AE 5 R T AR rh AT
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Abstract

For laser ablation propulsion, the shielding effect of ablation plume on the incident laser is an essential factor
affecting the propulsion performance. When the polymer doped metal is utilized as the propellant, the shielding effect
would be more significant because the metal dopant is easily ionized. In order to study the shielding effect of ablation
plume on the incident laser energy, a laser ablation model with taking into account the plume expansion, ionization
and the shielding effect is built in the present work. For the polyoxymethylene doped aluminum particles irradiated
by a laser with a fluence of 3-40 J/cm?, the specific impulse of laser ablation is calculated, and the consistency of the
numerical results with the experimental data demonstrates the availability of the model. Furthermore, the effects of
both the incompletely decomposed polymer chains and the plasma induced by laser ablation on the incident laser are
considered. The time variations of electron number density distribution under different laser fluences are calculated based
on the laser induced ionization model. Subsequently, the absorption coefficient distributions and the time variations of
shielding coefficient under different laser fluences are obtained. The results show that at a low laser fluence (<5 J/cm?),
the electron number density is small, so the plume shielding effect is dominated by the laser energy absorption of the
small polymer chains which are not completely decomposed. While at a high laser fluence (=20 J/ cmz), small polymer
chains are almost completely decomposed into atoms even plasma, hence the shielding effect is dominated by the plasma
since the electron number density in the plume increases up to 10%° m~2, and the complicated characteristic in the time
variation of shielding coefficient appears. The quantitative analysis results obtained in the present work can be helpful

for optimizing the performances of laser ablation propulsion.
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