% 46 5% S1 4 oot T2 2017 4 12 A
Vol.46 No.S1 Infrared and Laser Engineering Dec. 2017

SMNEHRG AL FHANE DR KRFERTEAR

# 4%tk 2
(RE&EFR SRR L AR RELER T, LT 101416)

B OE BRRTHEARARBL S ANELEATAREAET SR EMRN RS EAELIKRY, B
XFEEANE S RHETRIBPETRA AT R ET TRIEANARG —Fr oM E, XPHNT
Gray #= Edwards A TR/ HRA AR CHTH EBMRALER;, WA TN ZANEFHEFT I
Nt B FARE LT B RS, A COMSOL A R 5 B AF 33k 35 I 1 84 % F i 3t 47
W, RR G MR AR LIS R AR A A LR B )R IE A A KA 8 % R oF
BT T O EE A RARBAEZERFERBETRIMREL R F A AL RET:1000W B AE R
S % 0.999 09 Z B AL MR IR 5 IR A BATROLIR G R & T A F IR FH K 61 4, £ 409 uN 8 fit
BTSN ERE R,

KW MOERTHESE; A K; COMSOL; i

FESES.: V430  XEFRERG: A DOI: 10.3788/IRLA201746.S106007

Thrust amplification simulation of photonic laser propulsion based

on oscillation in external cavity

Huang Qin, Ye Jifei, Jin Xing
(State Key Laboratory of Laser Propulsion & Application, Equipment Academy, Beijing 101416, China)

Abstract: The photonic laser propulsion is a new propulsion concept, which uses the thrust amplification
generated by multiple momentum exchange and photon energy recycling through photon oscillation in
external cavity composed of two HR mirrors. The experimental study and results related to photonic laser
propulsion based on oscillation in external cavity of Gray and Edwards were analyzed. The principle of
thrust amplification was introduced; the thrust calculated equations were deduced; the thruster simulation
model was built. Finally, COMSOL was used to study and analyze the oscillation cavity’s parameters’
(cavity mirrors’ distance, curvature radius, diameter, relative angle and aperture position) impact on thrust
amplification by ray trace method, providing the establishment of future experiments with design basis and
theory guidance. The simulation results indicate that in condition of 1 000 W and reflectivity 0.999, the
maximum amplification factor 61 and maximum photon thrust 409 uN can be realized, satisfying the
needs of space missions.
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Fig.1 Schematic diagram of photonic laser propulsion based

on oscillation in external cavity
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Tab.1 Related propulsion characteristic index

oscillating with external cavity

R M F/pN C,/Ns-J! Iy/s
0.9 5 32 3.2x107° 2.9x10°
0.99 50 330 3.3x1077 3.0x10"
0.999 500 3400 3.4x107° 3.0x10"
0.9999 5000 34000 3.4x107 3.0x10"
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Fig.2 Schematic diagram of simulation model structure
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Tab.2 Concave mirror parameters

F/mm T./mm T,/mm R,
Diameter 50.8 mm
50 9 12.2 100
100 9 10.6 200
150 9 10.1 300
200 9 9.8 400
Diameter 75 mm
150 12 14.3 300
200 12 13.7 400
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Tab.3 Boundary parameters

Geometrical optics Research

. Grid input
mput

Material input .
mnput

Laser power:

Laser surface:Al 1000 W

Size:tessellate  Step:0.01 ns

Distribution Sequence:

Reflector:N-BK7 physical field

. . Time:500 ns
function:uniform

Stop:no

Environment: Air Number: 1

activated ray

Mean frequency:
4.54e14 Hz

Standard deviation:
leld Hz

Reflector walls:
specular reflection

Other walls:frozen
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Fig.3 Photon thrust varied with distance (400 mm)
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Fig.4 Photon thrust under the circumstance of 100, 200, 300

and 400 mm
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Fig.5 Photon thrust varied with diameter (400 mm)
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Fig.6 Photon thrust varied with relative angle (400 mm)
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Fig.7 Photon thrust varied with aperture position (400 mm)
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