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Abstract

Wind-blown sand initiation is the core link of wind erosion and dust transport, yet its mesoscopic
mechanism remains unclear. Based on the CFD-DEM two-way coupling framework, this study estab-
lishes a numerical model capable of resolving discrete particle motion, interphase momentum ex-
change, and turbulence modulation, systematically investigating single-particle initiation on stable
bed surfaces and size-selective initiation behaviors on non-uniform beds. The study finds that single-
particle initiation on stable beds is not dominated by collisional splashing as traditionally believed,
but rather a dynamic process involving competition between fluid momentum accumulation and col-
lisional dissipation; collisions here primarily play a dissipative role, and successful particle initiation
requires crossing a critical energy threshold determined by cumulative collisions. Non-uniform bed
simulations further reveal the non-monotonic regulation of particle size on initiation probability: fine
particles exhibit lower initiation probability than medium-sized particles due to deep pore embed-
ding and high-frequency collisional dissipation; coarse particles demonstrate a collision-driven, fluid-
assisted mode; while medium-sized particles represent a transition from contact-dominated to fluid-
dominated regimes.
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Figure 1. Schematic diagram of gas-solid two-phase coupling
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Figure 2. Schematic diagram of the model
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Figure 3. Threshold diagram for 200 um particle entrainment

[# 3. 200 um ke E E

XHRURLIZ 5 T BE AL HRRBRL P 2 B (18] 4)487 T S ARG RN AN R BRI A 5. RIS 2R 2
N, PRIBURLIFAE o — . R RS O ph il WS~ B2svh, M2 17— NMRIRMEhRIZE D
SR BURAEEBEAT, HIZZh PRI R T [RS8 I HEREE — R P A
RLIRIREE s A UKL T BE 2 FE 20 DI AR TR 2 5 TR RE UK TR ST 45 1R 38 5l . FE0RLE L AL Hh 2 1,
PRI LT BOR BT AR R BB R AR, TR R AL R AR G R A . VF
ZWRIAE 2 IVIAGIR AN 5, H e BRI RS 5 k38 5l 1 53— e 0L U BEAE 28 D Bk 8 HIA 3L
i e, Fahitd {5 EAR 10 M EE KIS, REA PG EWNEREIFERE, AN B
UE,  PRIEBURLAE A2 A HIE T RSN ZE — DR R ISR, MAGE i — Bk b deid R AR A4 51
T -

K 4 R T HARBORAE T R S A2 rh e sl 5 HR L AR . B BT LS T It R
fIszh I FAE— B, R ge 7 BB R Btk PRI S IR IR SRS, IR &AL
oA S It 5 R T S BRI o T I A 2 g 2 U SE AR B H s 1R i RE R B SRR SRR IR AR R 1Y

DOI: 10.12677/ijm.2026.151011 107 Va2 0I5


https://doi.org/10.12677/ijm.2026.151011

T v, KA

K, T R I RE 3 LTS R RS 1 R 2

7810 I —lE
6.0x1072
@ 45x102
\E/ L
I 3.0x1072
= I
1.5x1072
0.0
M 1 M 1 M 1 "
0.00 0.02 0.04 0.06 0.08

B[Rl (S)

7x1072
5x10°2
4x10°2

5x1072

0
1x1073 2x10™ X 0

Figure 4. The relationship between the starting trajectory of a 200 pm particle and its velocity as the particle rolls.
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Figure 5. Momentum distribution of incipiently moving particles
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Figure 6. Volume ratio of particles of each size fraction to bed surface
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Figure 7. Number of entrained particles versus friction velocity for different
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Figure 8. Trajectory, acting forces, fluid forces, and velocity variation of 135 pum particles
during incipient rolling motion
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Figure 9. Trajectory, acting forces, fluid forces, and velocity variation of 200 um particles
during incipient rolling motion
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Figure 10. Trajectory, acting forces, fluid forces, and velocity variation of 300 pwm particles
during incipient rolling motion
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