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Combustion Characteristics of the Laser-controlled Solid Propellant with Adjustable Burning Rate

DUAN Bu-ren'’, ZHANG Hao-nan'’, HUA Zuo-hao*, WU Li-zhi'**, BAO Zi-jing'*, GUO Ning*, YE Ying-hua'*",
SHEN Rui-qi'*”*

(1. School of Chemical Engineering , Nanjing University of Science and Technology, Nanjing 210094, China; 2. Institute of Space Propulsion, Nanjing
Unaiversity of Science and Technology , Nanjing 210094, China; 3. Micro-Nano Energetic Devices Key Laboratory , Minisiry of Industry and Information
Technology, Nanjing 210094, China; 4. Shanghai Space Propulsion Technology Research Institute , Shanghai 201109, China)

Abstract: A high-speed camera, a high-precision pressure sensor, an R-type thermocouple and a micro-thrust test bench has
been used to investigate the controllable combustion behaviors and thrust performance of the laser-controlled solid propellant
(LCSP) under laser irradiation. The burning rate, ignition delay time, chamber pressure, combustion flame temperature and mi-
cro-thrust under different laser power densities were obtained. The results showed that the burning rate and chamber pressure in-
creased linearly, while the ignition delay time decreased with increasing laser power density. Combining the thermocouple tem-
perature curves, it was concluded that the combustion process of LCSP might be divided into five zones: pre-heating zone, con-
densed phase zone, triple zone, gas phase zone and flame zone. Meanwhile, the combustion flame temperature of the LCSP
was 1202.3 °C under the laser power density of 1.343 W-mm™. Dependence of the combustion status on laser power density
makes sense to realize the accurate adjustment of micro-thrust. In the experiment, the thrust control of LCSP is successfully real-
ized by changing the laser power density. As the laser power density increased from 0.344 W-mm™ to 1.343 W-mm™, thrust of
the LCSP increased from 1.58 mN to 2.28 mN.

Key words: laser-controlled solid propellant;laser ablation;burning rate;combustion flame temperature ; micro-thrust
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