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Abstract: In order to obtain the particle sizes of three—dimensional dynamic combustion of aluminum parti-
cles in the solid propellant, a new method used digital in-line holography (DIH) techniques for measuring the
size of aluminum particle during solid propellants combustion was studied. Under normal pressure and tempera-
ture, two propellants were measured with two magnification times (1.1 times and 2.7 times) DIH system, the par-
ticle size information of all aluminum combustion particles was extracted from the holographic reconstructed im-
age, and the detailed parameters of particle size distribution were obtained by Log—Normal multi—peak fitting
method. The experimental results show that: Based on the particle reconstruction hologram image, the measure-
ment accuracy of particle size is greatly improved by interpolation method, and the relative measurement error
can be reduced to 0.4% in the range of 10pm ~200um. The method can clearly obtain the information such as
particle size distribution and average particle size of all the aluminum combustion particles in the range of 10pm
~900wm, and it is proved that this method is suitable for refine measurement of the aluminum particles combus-
tion in solid propellant. So, it can provide fine measuring means and important data support for inform aluminum

and agglomeration combustion model and evaluate new propellant formulations.
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Fig.1 Experimental system for DIH measurement of the

burning aluminized propellant
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Fig. 2 Typical results of propellant aluminum particle

combustion using HCCD
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Fig.3 Schematic diagram of DIH optical
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Fig. 4 Holographic image and reconstructed image of aluminum particle combustion

(a) Original image of DIH

(b) Background extraction

(¢) Denoising image

Fig.5 Denoising method of holographic image
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(a) Original image of DIH (b) Result of linear interpolation

Fig. 6 Particle image size measurement using interpolation
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Table 1 Measurement error of DIH method

Standard parti- ~ Measurement results/pm Relative error/%
cle size/pm x1.1 x2.7 x1.1 x2.7
10 9.1 9.5 9.0 5.0
50 46.1 48.7 7.8 2.6
100 97.4 98.9 2.6 1.1
200 196.8 199.2 1.6 0.4
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Fig. 7 Typical holographic reconstruction and particle size

image of propellant A
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Table 2 Measure parameters of DIH experiment of two Kkinds of propellant

Propellant Burning

Magnification Sampling

Case Temperature/°C Pressure/MPa . Time/s Image number
sample rate/(mm/s) times rate/fps
1 1.1 2400 2.85 4057
A 1.01~1.08
2 2.7 4300 2.41 10374
20 0.1
3 1.1 2400 2.85 6845
B 1.12~1.16
4 2.7 4300 2.41 10374
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