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Effects of particle morphology on transient dispersion and

explosion flame propagation of aluminum powder
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Abstract ; To investigate the influence of particle morphology on the explosion characteristics of
aluminum powder, spherical aluminum powder (SAP) and flake aluminum powder (FAP) were selected
as research subjects. By combining particle image velocimetry with vertical duct explosion experiments,
the effects of particle morphology on transient dispersion behavior and flame propagation characteristics
were systematically analyzed. The results show that FAP, due to its larger specific surface area and the
asymmetric geometry, exhibits stronger suspension capability and turbulence-inducing effects, leading to a
more uniform dispersion state under the same mass concentration. Influenced by enhanced turbulence,
increased particle population in the critical ignition zone, and greater suspension stability, FAP

demonstrates faster ignition response and significantly promoted flame front wrinkling. At a concentration of
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350 g/m’, its flame propagation velocity reaches 44. 1 m/s, which is 32. 8% higher than that of SAP. In
contrast, SAP tends to form localized high-mass concentration regions due to agglomeration, resulting in a

white overexposure area accounting for 98. 6% during the explosion, indicating a more concentrated heat

release behavior.
Keywords: aluminum powder;

explosion flame
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Table 1 Particle size distribution of SAP and FAP

FE i SAP FAP
D[3,2]/um 14.1 12.9
D[4,3]/um 29.8 26.5
D(0.5)/pm 21.4 20.9

SSA/(m” - g™") 0.2 0.5
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Fig.1 Micromorphologies of SAP and FAP
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Fig.2 Particle image velocimetry system
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Fig.3 Vertical pipeline explosion flame

propagation test system
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Fig.4 Transient dispersion evolution of SAP dust clouds with different mass concentrations
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Fig.5 Transient dispersion evolution of FAP dust clouds with different mass concentrations
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Table 2 Transient velocity of SAP dust clouds

2H MAERFREKE/ (g m™)

- 150 200 250 300 350 400
v/(m-s™") -2.3-1.8 -3.8-2.5 -1.7-4.4 -5.2-2.8 -2.4-5.8 -4.4-5.5
v,/(m s) -2.7-3.7 -3.4-3.8 -4.0-4.4 -3.3-4.0 -2.9-5.7 -4.8-6.3
VI/(m-s™) 0-2.5 0-2.8 0-3.0 0-3.3 0-4.6 0-5.0
|V]/(m-s") 0.4 0.5 0.5 0.6 0.6 0.6

w,/(s") -141.2-75.4 | -150.0-114.8 -162.4-161.2 -107.1-194.1 —-113.2-245.2 | -232.0-284.9
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Table 3 Transit velocity of FAP dust clouds

o5 WAEZ TR (5-m )

- 150 200 250 300 350 400
v/(m-s™") -2.6-4.2 -2.9-4.4 -6.2-6.1 -8.4-6.0 -6.3-6.1 -6.8-6.8
v,/(m+s") -2.7-4.6 -4.0-4.4 -6.9-5.4 -6.4-7.6 -8.7-7.6 -12.1-6.8
IVI/(m-s™) 0-3.3 0-4.3 0-6.2 0-9.2 0-11.1 0-12.3
[V]I/(m-s™") 0.5 0.5 0.6 0.8 0.8 0.9

w,/(s™") -122.7-119.3 | -331.7-190.9 -135.9-213.8 —-335.3-346.5 -278.4-380.1 | —-586.9-452.0
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Fig. 6 Temporal variation of turbulence intensity for SAP and FAP dust clouds at

different mass concentrations
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Fig.7 Temporal variation of particle number in critical ignition zones for SAP and FAP dust clouds at

varying mass concentrations
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Fig. 8 Propagation process of explosion flame in SAP dust clouds with varying mass concentrations
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Fig.9 Propagation process of explosion flame in FAP dust clouds with varying mass concentrations
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Table 4 Proportion of white overexposed areas when flame reaches pipe top

P MR BB/ (g - m™)
150 200 250 300 350 400
SAP/% 27.9 39.2 79.8 83.3 98.6 95.9
FAP/ % 8.9 29.6 45.7 61.5 97.9 94.5
35 ! /
L AT —a— 150 g/m’ % 44.1 m/s —o—15 3
29 3 m/s —— 200 g/m’* 44+ 150 g/m’
30 N e —A— 250 g/m’ a0k 3?.3 m/s —-:: 3(}?’; glm:
- - 300 g/m’ ok 351 mis e
~ 25} 76 —r— 350 g/m’ = 36 —0— 300 g/m
o _2-4 it —— 400 g/m’ W 32t —+—350 g/m’
£ ¥ 20.1 m/s E o9 —0— 400 g/m’
= 20~ A 18.5 mfs = 28}
% F16.3 mfs .;I’F]'I % 24+
{E 15k 147mis T T ! W 20[195ms ] 24.1 m/s
e Lo 125mis | ) 4 1.7 m/fs @ 16 17.77m/s i 15.7 m/fs
P 10.3 m/s & (153 m/fs--
9 e 0 N Y AR X 12L 133 mfs L
[ el Moo ol oo e 8 ; e R
S 5.9 m/fs 4l 74 mis
ol ol o
1 1 ! 1 1 I ! 1 ] -4 1 1 " 1 1 1 . 1 " ]
10 20 30 40 50 60 70 80 90 100 10 20 30 40 50 60 70 80
i [f]/ms i f/ms
(a) SAP (b) FAP

E 10 AREFEERE SAP 1 FAP £ = i N IE54& 5 B R E 35 1k

Fig. 10 Flame propagation velocity with time for different mess concentrations of SAP and FAP dust clouds
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