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Abstract This study presents an online size measurement method for burning particles based on the Fraunhofer
diffraction theory. According to the spectral characteristics of medicinal strip combustion flame radiation in solid
propellants, a blue-violet laser with a wavelength of 450 nm is used as the light source, and a filtering detection
method with a passing band of 450 nm is used to eliminate self-luminous radiation influence of solid propellant
combustion. An online measurement system for measuring the particle sizes of burning particles in solid propellants
is developed. For calibrating this measurement system, standard particles with size of 10.9 pm, 160 pm, and
mixed standard particles are measured. The combustion experimental results show that the size of burning particles
in solid propellants are approximately 10 pm and 160 pm, presenting a bimodal distribution, and the number
distribution is mainly concentrated around 160 pm. As the combustion time increases, the number of particles with
a size of 10 pm increases and the number of particles with a size of around 160 pum decreases. For a solid propellant
with same burning rate, the higher the initial measurement height, the smaller the combustion particle size. For
measurements with same initial heights, there is no considerable difference in the average particle size of burning
particles at different burning rates. This study provides a reference for the investigation of the solid propellant
combustion process.
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Table 1 Parameters of band pass filter plate
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Table 2 Equivalent particle size of standard particles

Parameter 10.9 pm 160 pum
Dy, /pm 7.5 131.8
Dys, /pm 9.3 153.5
Dy, /pm 11.18 167. 90
D yyp /pm 9.9 155.2
Error value /pm 1.0 4.8
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Fig. 4 Volume frequency distributions of standard particles. (a) Standard particles with size of 10.9 pm;

(b) standard particles with size of 160 pm; (c¢) mixed standard particles
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Fig. 5 Volume frequency distributions of combustion particles at initial measurement height of 25 mm.

(a) Low burning rate; (b) high burning rate
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Fig. 6 Volume frequency distributions of combustion particles at initial measurement height of 50 mm.

(a) Low burning rate; (b) high burning rate
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Table 3 Equivalent particle sizes of burning particles at different burning rates and different measuring heights

h=25 mm h =50 mm
Parameter
Low burning rate High burning rate Low burning rate High burning rate
Dy /pm 13.2 76. 112.5 98.9
Dys /pm 141. 6 133.4 129.0 126.0
Dy /pm 186. 6 174.1 154. 8 158. 2
Dyyp /pm 151.9 145. 132.9 130. 4
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Table 4 Equivalent particle sizes of condensed particles

Parameter Low burning rate  High burning rate
Dy /pm 59.6 47.2
Dy;, /pm 94.0 74. 4
Dy, /pm 142.3 109. 2
Dy /pm 106. 5 82.7

Volume frequency distributions of condensed products. (a) Low burning rate; (b) high burning rate
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Table 5 Average particle sizes of combustion particles and condensed particles in solid propellant

Combustion particle

h=25 mm

Condensed particle

h =50 mm

Parameter
Low burning High burning Low burning High burning Low burning High burning
rate rate rate rate rate rate
Dywp /pm 151.9 145.4 132.9 130. 4 106. 5 82.7
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