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burning rate / mm-s™'

relative error / %

experiment laser diffuse reflectance
image method

spectroscopy method

target line method

Spectral and image method  Spectral and target line methods

experiment 1 16.048 15.891 16.240 0.99 1.18
experiment 2 23.337 23.838 25.924 2.10 9.97
experiment 3 18.127 18.915 19.436 417 6.73
experiment4  23.571 23.202 23.101 1.59 2.03
experiment 5 13.986 14.359 15.146 2.60 7.66
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Table 2 Combustion rating of dual base propellant

burning rate / mm-s™'

relative error / %

experiment laser diffuse reflectance
image method

spectroscopy method

target line method

spectral and image method  spectral and target line methods

experiment 1 16.458 16.956 15.370 2.22 7.08

experiment 2 10.312 10.882 11.059 5.24 6.76

experiment 3 11.667 11.848 11.949 1.53 2.36

experiment 4 12.417 13.662 12.012 9.11 3.37

experiment 5 16.458 16.956 15.370 2.22 7.08
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Fig.10 Single base propellant combustion velocity error bar
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Synchronous Measurement Method for Combustion Rate and Spectral Characteristics of Single Base Propellant

LI Zheng-xi', WU Zhi-xiang', SHEN Jin-peng’, FU Zhuo-jiang®, LI Wei-yi', HUANG Zi-wen', CAO Yun-bin', SHANG
Li-ping'’, DENG Hu'

(1. School of Information and Control Engineering , Southwest University of Science and Technology s Mianyang 621010, China; 2. State Key Laboratory for
Environment-friendly Energy Materials, Southwest University of Science and Technology, Mianyang 621010, China: 3. Joint Laboratory for Extreme
Conditions Matter Properties, Southwest University of Science and Technology , Mianyang 621010, China)

Abstract: In this study, to gain deeper insight into the combustion characteristics of single-base propellant, a multi-parameter
measurement system based on laser diffuse reflection spectroscopy was developed. This system was employed to measure the
combustion parameters of both single-base and double-base propellants. As a result, the combustion spectra and burning rates of
both propellant types were successfully obtained. The experimental results revealed that within the 250-500 nm wavelengh
range, emission peaks of OH*(313.9 nm), CO,*(462.3 nm), and CHO*(421.7 nm) were observed, attributed to the active in-
termediates generated during single-base propellant combustion. Meanwhile, in the 500-780 nm range, distinct emission peaks
of Na*(588.7 nm), K*(766.8 nm), and Ca*(554.6 nm) were detected, analyzed to originate from residual lignin in nitrocellu-
lose. Compared with the burning velocity measurement results from the image and target line methods, the laser diffuse reflec-
tion spectroscopy method showed consistent results, with maximum relative errors of 4.17% and 9.97%. Furthermore, the re-
sults from double-base propellant combustion parameter measurements indicated that this method is also applicable for the simul-
taneous measurement of combustion velocity and spectra of double-base propellants. The developed method possesses feasibility
and versatility, enabling non-contact and non-destructive measurement of propellant burning velocity.
Key words: single base propellant; combustion spectrum; combustion rate; laser diffuse reflectance spectroscopy measurement
method
CLC number: TJ55;TH744 Document code: A DOI: 10.11943/CJEM2025078
Grant support: National Natural Science Foundation of China (No. 22275150); Xi’an Institute of Modern Chemistry Open Fund
(SY))20210411)

(Tidhi: & #)

CHINESE JOURNAL OF ENERGETIC MATERIALS 2 A

o
Il

EeEas 2025 % #334& %104 (1201-1209)



