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River inflow characteristics, including spatial-temporal 

distributions of mean velocity, Reynolds stresses, and turbulence 

intensities over the energy extraction plane of a hydrokinetic 

machine are needed to quantify a site’s annual energy 

production, machine loads, machine performance and levelized 

cost of energy. 

 

1. Background 3. Results 3. Results (continued) 

1.Classical models generally perform well in describing river inflow 

characteristics.  

2.Maximum longitudinal turbulence intensities near the bed are 

approximately between 10 to 20% of the local mean velocity, 

similar to atmospheric boundary layer flows. 

3.River inflow characterization is challenging due to the high 

variability of depth and flow, which causes significant variations 

of inflow mean velocity and turbulence intensity over the design 

life of the machine. 
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Table 1.  Bulk flow properties of reviewed open channel flow data 

 

Figure 3.4  Effects of large depth variability on the location of the swept area (energy extraction area) 

relative to the velocity and turbulence profiles. 

 

Figure 3.3  (a) Mean longitudinal velocity profiles. (b) Longitudinal turbulence intensity profiles.  The 

dashed horizontal line indicates z = 0.5m.  Machines will typically operate at depths greater than 0.5m off 

the bed. (c) Longitudinal turbulence intensity profiles with z normalized by the flow depth . 

Figure 3.2 (a) Power law velocity profiles with z normalized by D and mean velocity normalized by 

maximum mean velocity. The solid black line represents the best fit of the power law with exponent 1/α 

through the data, and the resulting best fit α = 5.4 (R2 = 0.999).  The dotted and dashed lines represent the 

power law with exponent 1/3 and 1/12, respectively; (b) Exponential decay law profiles by Nezu and 

Nakagawa (1993) compared to field measurements, with z normalized by D and normal stresses normalized 

by shear velocity. 

Figure 3.1.  Daily flow and depth time-series record on the Missouri River, Nebraska (USGS 06610000).  

Blue indicates the daily values.  Brown indicates the daily mean values for the (POR).  The inset plots show 

the flow and depth time series during field measurements by Holmes and Garcia (2009). 

 

Figure 1.  Typical distributions of velocity and turbulence and sketch of (a) surface mounted vertical axis 

turbine; and (b) bottom mounted horizontal-axis turbine. 

 

4. Conclusions 

2. Objectives 

Review published turbulent flow data from large rivers, a canal and 
laboratory flumes to: 

 
1. Evaluate the validity of classical models that describe the depth 

variation of the time-mean velocity and turbulent Reynolds stresses 
2. Determine the range of velocities and longitudinal turbulence intensities 

acting on EEP 
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