Direct numerical simulation of turbulent open channel flow:
Streamwise turbulence intensity scaling and its relation to
large-scale coherent motions
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INTRODUCTION & METHODOLOGY TURBULENCE INTENSITY SCALING
The well-known failure of wall-scaling of the streamwise turbulent intensity in closed channel flows Streamwise turbulence intensity in OCF appears to scale with the bulk velocity uj,
(CCF) is associated with the appearance of very-large-scale motions (VLSMs [2]). In turbulent 0.2

open channel flow (OCF), VLSMs are larger, more energetic and appear at lower Reynolds number
than in CCF [3, 4, 5]. Moreover, VLSMs in OCF are related so so-called super-streamwise vortices
(SSV [6]), which are statistically difficult to capture. Thus, to investigate the scaling of turbulence
intensities and its relation to underlying coherent structures in OCF, we carried out direct numerical
simulations (DNSs) of both OCF and CCF of friction Reynolds numbers up to Re; &~ 900 in large
computational domains (Lz/h X L./h = 127 x 47). We are solving the incompressible Navier
Stokes equations
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in terms of their vertical velocity/vorticity formulation discretised on a Chebyshev-Gauss-Lobatto
grid [3]. The method incorporates a direct Poisson solver involving 2D FFTs and a MPI parallelised
algorithm. The flow geometry is plane channel with with periodic boundaries in stream- and
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Both OCF and CCF turbulence statistics data sets are available online [1]. (c) Areas between OCF and CCF turbulence intensities normalized with the friction velocity,
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where uZOTmS and uZOTmS denote the i-component of the OCF and CCF turbulence intensity, respec-
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