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Table 1 Propellant formulations and theoretical combustion

gas temperature obtained by minimization of Gibbs free energy
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No. 0.1 MPa 5 MPa 5 MPa
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P1 14 85 1 2712 2953 1736
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P3 14 69 17 3049 3450 2278

4.2 LBERSHH

Wk P1 P2 P3 = fE L 24 45 4E 0.1 MPa TR
MRS, B3 24 2R M U, 5 RN 7 s, 5 B
HAAERXT R 2,

F®2 AR 0.1 MPa T B AR RS I R X L
Table 2 Combustion gas temperature of three propellants at

0.1 MPa obtained experimentally and theoretically
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High Temperature Measurement of Combustion Gas in Solid Rocket Motor Utilizing Alexandrite Effect

HU Song-qgi, CHENG Jing, LIU Kai, HUANG Hong-yong

(Science and Technology on Combustion Internal Flow and Thermal-Structure Laboratory, Northwestern Polytechnical University, Xi'an 710072, China)

Abstract. The combustion gas temperature measurement system of rocket motor was established after temperature measurement
principle utilizing Alexandrite effect was introduced, and the influences of the engine diameter and the heat loss on the axis tem-
perature of combustion chamber were studied by numerical simulation. The combustion gas temperatures of three composite pro-
pellants with 1% ,9% ,17% aluminum at atmosphere (0.1 MPa), combustion chamber and nozzle exit with the motor working
pressure of 5 MPa were measured. Results show that the engine diameter and the heat loss have little effect on the axis temperature
of combustion chamber. The experimental combustion gas temperatures at atmosphere are 2857, 3109 K and 3284 K respectively,
and the theoretical combustion gas temperatures are 2712, 2891 K and 3049 K, which demonstrates that with the increasing of
aluminum content, the experimental and theoretical values all increase. The measured combustion gas temperature at nozzle exit
is 2200 K, which agree with 2278 K through theoretical calculation. The measured gas temperature at combustion chamber are
2300 K and 2450 K, considerably lower than the theoretical values of 3190 K and 3450 K,which is probably because of the trans-
parent glass window contaminated by combustion gas during engine working process. In order to accurately measure the gas tem-
perature of rocket engine, the temperature measurement system must be further improved .

Key words: aerospace propulsion theory and engineering; solid rocket motor; combustion gas temperature measurement; Alex-
andrite effect; motor with transparent window ; numerical simulation
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