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DNS of Turbulent Flow in an Open Channel with a Longitudinally Ridged Bottom Wall
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Turbulent flows over complex geometries are often encountered in environmental and engineering problems. For
example, sediment is often concentrated to form longitudinal ridges called ”sand ribbons” over the bed in a river.
We carried out a DNS of turbulent flow similar to the actual river. We consider an open channel, that is, the
ridge is attached only the bottom surface and top is a free surface. The pitch of the ridge is equal to the channel
width h. Various turbulence statistics such as mean velocity distributions of streamwise, vertical and spanwise
directions, Reynolds shear stress and root-mean-square velocity fluctuations are obtained. A low speed streak
over the ridge is captured by the conditional sampling and its structure is discussed.
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Figure 1 : Computational domain
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Figure 2 : Computational mesh
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Table 1: Computational condition

Grid

Staggered Grid

Coupling Algorithm

Fractional Step Method

Time Advancement

Crank-Nicolson Method
Adams-Bashforth Method

Viscous Terms (G?2)

Others

Discretization Scheme

2nd-order Central Scheme

Poisson equation

SOR method(vectralized)

Boundary Condition

Periodic (x, z direction)

Non-slip (bottom wall)

Free-slip (upper wall)

Time Step

At = 0.00088/u,,

Table 2: Conditions of NN’s experiment, KS’s DNS and present DNS

Re, | L, | Ly 71 T2 r3 Flow Field

Experiment(NN, 1984) | 582 | 2h | 2h | 0.25h | 0.5h | 0.125h air duct
DNS(KS, 2000) 144 | 2h | 2h | 0.26h | 0.52h | 0.125h | ridged close channel
Present DNS 146 | 2h | h | 0.25h | 0.5h | 0.125h | ridged open channel
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Figure 3 : Mean secondary velocity vectors
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Figure 4 : Mean velocity profiles
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Figure 6 : The mean streamwise velocity on
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Figure 8 : Root-mean-square velocity fluctuations
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Figure 9 : Mean streamwise vorticity
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Figure 11 : Budget of mean streamwise momentum
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Figure 11 : Budget of the turbulent kinetic energy
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