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Abstract The presence of fouling and slagging on the boiler heat transfer surface is a significant factor affecting the
safe and economical operation of the boiler. In order to address these issues, it is imperative to investigate the impact
dynamics of particles and to comprehend the mechanisms of particle adhesion and rebound. In this study, a dynamic test
platform for single-particle impact on walls under high-temperature conditions was constructed to study the impact
dynamics of micrometer-scale particles on walls by using particle shadow velocimetry (PSV) technology. Meanwhile, a
MATLAB-based particle image processing program, utilizing sub-pixel interpolation in conjunction with the maximum
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inscribed circle method, has been proposed as a reliable measurement technique. This approach has been empirically
validated, addressing the challenges associated with accurately measuring the diameter of spherical particles in high-
speed photography. Based on this method, the measurement accuracy of the particle impact dynamics parameters has
been significantly enhanced. Additionally, the study further revealed that, under these experimental conditions, the Otsu
threshold segmentation algorithm exhibited superior performance in measuring particle diameters. Additionally, it was
observed that both the sub-pixel interpolation method and the interpolation multiplier significantly influenced the
measurement outcomes, with a notable window effect being detected. The normal restitution coefficient of particles
demonstrated a decreasing trend with increasing impact velocity, and the decreasing trend of particle velocity during
impact and rebound indicated that the flow field effect had a certain influence on the particle dynamics characteristics,
which also needs to be further considered in the measurement results. As the normal restitution coefficient of the particles
increased, the rebound angle generally tended to decrease gradually. These findings not only deepen our understanding of
the impact dynamics of single particles but also provide a solid foundation for the study of complex multi-particle
systems. They hold significant importance for the establishment and analysis of discrete element models in the impact

processes of particulate materials.
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Fig. 1 Schematic diagram of the high-temperature impact dynamics test
rig for the particles
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Table 2 Measurement results of the particle impact dynamics

parameters under three threshold segmentation algorithms

Threshold segmentation algorithm
Items

Otsu IsoData Th_intermodes
D/pm 73.60 +2.0 68.53 £2.56 69.45 +3.12
Vi/(m-s™h) 5.92 5.88 5.90
a/(®) 0.72 0.46 1.08
V,/(m-s71) 1.10 1.12 1.12
BIC) 26.14 28.08 36.46
en 0.19 0.19 0.19
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Fig. 11 Binary images of the particle under the three threshold
segmentation algorithms with the sub-pixel interpolation condition
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Fig. 12 Measurement results of the characteristic parameters of the

particle under the three threshold segmentation algorithms with the sub-
pixel interpolation method
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Table 3 Measurement results of the particle impact dynamics
parameters under three threshold segmentation algorithms with

sub-pixel interpolation method

Threshold segmentation algorithm

Items
Otsu IsoData Th_intermodes
D/um 59.35+1.72 53.65+1.82 52.03 +£3.13
Vi/(m-s71) 5.88 5.87 5.86
a/(°) 0.16 0.10 0.46
V,/(m-s7) 1.01 1.01 1.01
B/() 32.09 32.81 34.19
en 0.17 0.17 0.17
66{ —=—spline
—o— linear
644 o cubic
62 4
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IS 58
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Fig. 13 The impact of the sub-pixel interpolation methods and multiples
on the measurement results of diameters
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Table 4 The effect of the sub-pixel interpolation multiples on the impact dynamics parameters of the particle

Subpixel difference multiple

Items

1 3 7 9 11

D/um 73.60+2.0 59.35+1.72 62.16 £2.08 62.87+1.84 63.63 £1.55 6321 £1.72
V;/(m-s'l) 592 5.88 5.90 5.90 5.90 5.90
a/(°) 1.10 1.00 1.00 1.01 1.02 1.02
V,/(m-s71) 0.72 0.16 0.18 0.25 0.19 0.20
B/(°) 26.13 32.09 33.58 33.68 33.71 33.76
[ 0.19 0.17 0.17 0.17 0.17 0.17
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Table 5 The effect of the window variation on the

measurement results of the impact dynamics parameters of the

particle
Window size
Items
11x11 21 x21 31 x31 41 x 41
D/pm 56.83+0.90 5935+1.72 60.18+3.07 60.62+3.28
Vi/(m-s™") 5.90 5.88 5.88 5.87
a/(®) 0..07 0.16 0.18 0.18
V,/(m-s7) 1.00 1.01 1.02 1.00
BIC) 32.38 32.09 3431 32.88
en 0.17 0.17 0.17 0.17
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Fig. 15 Diameter distribution of the standard particles under the high-

speed photography and SEM
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