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The effect of particle size distribution on the collapse of immersed polydisperse granular
columns
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Abstract: In this study, a typical granular column collapse scenario is investigated using a numerical approach that couples computational fluid
dynamics (CFD) with the discrete element method (DEM). Granular columns with varying fractal dimensions—used to characterize PSD—are
simulated in different fluids to examine the influence of PSD on flow behavior and energy evolution across distinct flow regimes. The results show
that as the ambient fluid gradually changes from air to low-viscosity fluid and then to high-viscosity fluid, the runout distance of the granular
systems decreases by about 40% compared to dry conditions, and the mobility is significantly weakened. In free-fall and inertial regimes, the
mobility difference between systems with different fractal dimensions is only about 1%, whereas in viscous regimes, the system with a higher
fractal dimension shows a significant movement delay and the mobility is reduced by 11%. This reduced mobility can be attributed to the increased
presence of fine particles, which enhance energy dissipation under low Stokes number conditions. Permeability tests further reveal that mobility
is primarily governed by the initial permeability of the immersed granular system—Ilower permeability corresponds to reduced mobility.
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Fig. 2 Numerical model of immersed polydisperse granular column
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Table 1 Physical parameters used in immersed granular column

collapse
ZH i1
W (po) 1000 kg/m3
ARSI JIREEE (1) 103/102 Pa-s
AU (D) 1/3.5
SEHRLAR (dp) 4.9 mm/2.3 mm
WILR R4 (@) 0.667
WL TE (pp) 2650 kg/m?3
ORI IR E. (MPa) 50
RRLIARA L (0) 0.24
ROORL BE 2 R A Cpap) 0.4
PR E 2E (e 0.65
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Table 2 Particle size and fluid dynamic viscosity for different flow

regimes
Iy T LR SERPRAE WARBIIRE BRI

D (dp) (us) (St)

1.0 4.9 mm 105 Pa-s 6213 (FF)
3.5 2.3 mm 105 Pa-s 1998 (FF)
1.0 4.9 mm 103 Pa-s 88.26 (1)
3.5 2.3 mm 103 Pa-s 28.38 (1)
1.0 0.49 mm 103 Pa-s 2.88 (V)
3.5 0.23 mm 103 Pa-s 0.73 (V)
1.0 0.49 mm 102 Pa-s 0.287 (V)
3.5 0.23 mm 102 Pa-s 0.073 (V)
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Fig. 4 Comparison of the height profiles of final deposit from

immersed column collapse simulation with those in typical
experiment (Polania et al., 2024) at three typical time (T = #:/3, 2 ¢
/3, t)
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Fig. 5 Comparison of the collapse sequence of polydisperse granular columns in FF regime (dry): (a) Fractal dimension D=1.0; (b) Fractal

dimension D=3.5
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Fig. 7 Comparison of the collapse sequence of polydisperse granular columns in VI regime: (a) Fractal dimension D=1.0; (b) Fractal dimension

D=3.5
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Fig. 8 Comparison of the collapse sequence of polydisperse granular columns in V regime: (a) Fractal dimension D=1.0; (b) Fractal dimension
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Fig. 9 Normalized flow front position over time for the collapse of

polydisperse granular column under various flow regimes
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