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ABSTRACT
Grass-lined spillways represent an environmental friendly solution for flow conveyance in mildly-sloped water ways.
The grass linings act as roughness elements that facilitate the stability of the soil and the safe conveyance of flows.
Velocity profiles of grass-lined open channel flows have been extensively studied under subcritical flow conditions,
whereas experiments in supercritical flows are limited. Herein, velocity profiles and flow resistance on a mildly sloped
chute with artificial grass were experimentally investigated using a Prandtl Pitot tube. The velocity profiles exhibited
the development of the boundary layer along the chute achieving uniform flow conditions towards the chute’s end.
The results revealed similarities of the velocity profiles to a previously proposed velocity decomposition and provided
insights into point flow resistance.
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1 INTRODUCTION AND METHODOLOGY

The velocity profile of a channel equipped with Kikuyu grass was first studied by Eastgate (1966), indicating that
the velocity distribution in subcritical flow follows the logarithmic profile. Recent development considered the
separation of soil and grass and revealed substantially more complex distributions (Nepf et Vivoni, 2000; Nikora
et al., 2004; Nepf, 2012; Nikora et al., 2013), comprising the following regions: (i) uniform velocity distribution
layer with almost constant velocity, (ii) mixing layer with appearance of an inflection point, (iii) logarithmic layer
that follows the logarithmic growth of the velocity, and (iv) wake region. These four regions are characterized by
the velocities UUD, UML, ULL and UWF, where the near bed boundary layer has been omitted.

Historic developments and mentioned contemporary velocity models were established in subcritical flow, which
may be different from high-velocity flows characterized by free-surface roughness and air entrainment. Given the
common occurrence of supercritical flows over grass-lined conveyance and embankment protection structures,
detailed investigations of velocity and shear stresses are essential and results are presented herein.

New experiments with flow rates ranging fromQ = 25 l/s to 250 l/s were conducted at the UNSW Water Research
Laboratory (WRL), which corresponds to the Froude numbers of Fr = U/

√
gH = 1.46 to 3.42 in the uniform

region, where U is the mean velocity, H is the water depth and g is the gravitational acceleration. A 0.8 m
wide, 8 m long flume was inclined at θ = 10.8◦ and the flume’s bed was equipped with artificial grass elements,
generating self-aerated flows (Fig. 1a).

The measured supercritical velocity profiles (Pitot tube) were fitted to a semi-analytical model of Nikora et al.
(2013), who proposed to decompose the time-averaged velocity U as follows:
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where S0 is the bed slope, CD the drag coefficient, a the frontal vegetation area per unit volume, Ui the velocity
at the inflection point, y the vertical coordinate, yi the elevation of the inflection point, Le the mixing length scale,
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Figure 1: Experimental setup and and preliminary results (a) Grassed spillway with self-aerated flows at 125 l/s;(b) Velocity
profiles along the channel at Q = 150 l/s; (c) Velocity profile fitting example at x = 7.5 m for Q = 150 l/s;

u∗m the shear velocity at the canopy top, d the hydraulic roughness length scale, z0 the zero-plane displacement,
κ the Von-Karman constant and Π the wake strength parameter.

2 RESULTS

Volumetric air concentrations (C) and particle count rates (F ) were measured with a phase-detection probe,
indicating self-aeration in the upper flow region (Figs. 1a,b). Mean velocity profiles (Pitot tube) are shown for
Q = 150 l/s at different measurement points along the flume (Fig. 1b), revealing the boundary layer development
along the chute as well as the presence of uniform flow conditions towards the chute’s end. The velocity profiles
resembled the four regions with distinct shapes in the mixing layer and logarithmic layer (Fig. 1c), while the
uniform flow layer appeared to have zero contribution to the velocity structure. The inflection point between the
mixing layer and logarithmic layer could clearly be identified, enabling the fitting of the velocity profiles to Eq. (1).
The comparison of the measured velocity profile with Nikora et al. (2013)’s model, as Fig. 1c suggests, clearly
demonstrated similarities between subcritial and supercritical flow, allowing to evaluate the shear stress at the
canopy top of the grass elements u∗m and Coles’ wake strenght parameter Π.

3 CONCLUSION

The velocity profiles of a grass-lined spillway were systematically investigated under high-velocity supercritical
flow conditions. With the current configuration, the intermittent level of self-aeration did not exert significant
influence on the structure of the velocity profile, which was demonstrated through comparison with a model
developed for subcritical flows. Through data fitting, the velocity profiles were used to estimate the indicative
shear stress at the canopy top u∗m, which allowed for a decomposition of the flow resistance. These findings
aim to provide a better understanding of flow resistance of supercritical flows on grass-lined spillways.
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