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1. Numerical Simulation Model 

 
Figure S1. Illustrations of simulation model. (a) Barchan dune topography in nature, (b) typical 
model and cross-section parameters of a structural unit, (c) typical cross-section of the model. 

2. Calculation Mathematical Model 
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Figure S2. The comparison between the theoretical values and the calculated values under different 
turbulence models. 

3. Calculation Mathematical Model 

The realizable 𝑘-𝜀 model: 

డడ௧(ρk) + డడ௫೔(ρkuj) = డడ௫೔ ൤ቀ𝜇 + ఓ೟ఙೖቁ డ௞డ௫ೕ൨ + Gk + Gb – ρε – YM + Sk         (S1) 

డడ௧(ρε) + డడ௫ೕ(ρεuj) = డడ௫ೕ ൤(𝜇 + ఓ೟ఙഄ) డఌడ௫ೕ൨ + ρC1Sε – ρc2
ఌమ௞ା√ఔఌ + C1ε

ఌ௞C3εGb + Sε     (S2) 

Where 

C1 = maxቂ0.43, ఎఎାହቃ                              (S3) 

η = S௞ఌ                                   (S4) 

Gk = μtS2                                  (S5) 

S = ඥ2𝑆௜௝𝑆௜௝                                (S6) 

Sij = ଵଶ(ப௨ೕப௫೔ + డ௨೔డ௫ೕ)                             (S7) 

Gb = -gi
ఓ೟ఘ௉௥೟ డఘడ௫೔                              (S8) 

For ideal gas, the turbulent viscosity coefficient is expressed as follows 

μt = ρCμ௞మఌ                                   (S9) 

The LES model: డఘడ௧  + డడ௫೔(ρ𝑢పഥ ) = 0                           (S10) 
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డడ௧(ρ𝑢పഥ ) + డడ௫ೕ(ρ𝑢పഥ 𝑢ఫഥ ) = డడ௫ೕ (𝜇 డ௨ഢതതതడ௫ೕ) - డ௣̅డ௫೔ - 
డఛ೔ೕడ௫ೕ               (S11) 

Therein, the subgrid tension (𝜏௜௝) is defined as： 𝜏௜௝ = ρ𝑢ప𝑢ఫതതതതത - ρ𝑢పഥ 𝑢ఫഥ                               (S12) 

The enhanced wall treatment, which was suitable for complex flow in a high-Reyn-
olds-number turbulence model, was used for the near-wall treatment. More specific pa-
rameters of above equations can be referred to previous studies [29,31]. 

4. The Independence of the Computational Grid 

 
Figure S3. Validation of the grid independence. 

 

 


