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Abstract 
 
This thesis focuses on generating real world turbulence levels in a water tunnel rotor test using fractal 

grids and characterizing the effect of the fractal grid generated-turbulence on the performance of 

hydrokinetic turbines. The research of this thesis is divided into three studies: one field study and two 

laboratory studies. The field study was conducted at the Canadian Hydro Kinetic Turbine Test Centre 

(CHTTC) on the Winnipeg River. An Acoustic Doppler Velocimeter (ADV) was used in the field study 

to collect flow measurements in the river. The laboratory studies were conducted at the University of 

Victoria (UVic) fluids research lab and the Sustainable Systems Design Lab (SSDL). In addition, the 

Particle Image Velocimetry (PIV) technique was used in the experiential studies to obtain quantitative 

information about the vector flow field along the test section, both upstream and downstream of the 

rotor’s plane.  

The first study is a field study aiming to provide real flow characteristics and turbulence properties at 

different depths from the free-surface to boundary layer region of a fast river current by conducting a 

field study in the Winnipeg River using ADV. A novel technique to deploy and control an ADV from 

free-surface to boundary layer in a fast-current channel is introduced in this work. Flow characteristics 

in the river, including mean flow velocities and turbulence intensity profiles are analyzed. The 

obtained results indicate that the maximum mean velocity occurs below the free-surface, suggesting 

that the mean velocity is independent of the channel depth. From the free-surface to half depth, it was 

found that changes in both the mean velocity and turbulence intensity are gradual. From mid-depth to 

the river bed, the mean velocity drops rapidly while the turbulence intensity increases at a fast rate. 

The turbulent intensity varied from 9% at the free-surface to around 17.5% near the river bed. The 

results of this study were used in the second lab study to help designing a fractal grid for a 

recirculating water flume tank. The goal was to modify the turbulence intensity in the water tunnel 

such that the generated turbulence was similar to that in the river at a location typical of a 

hydrokinetic device. The properties of fractal-generated turbulence were experimentally investigated 

by means of 2D Particle Image Velocimetry (PIV). The streamwise turbulent intensity profiles for 

different grids along the channel are presented. Additionally, visualization of the average and 

fluctuating flow fields are also presented. The results are in good agreement with results in literature. 

The third and final study investigated the power coefficient of a scale hydrokinetic turbine rotor in 

controlled turbulent flow (7.4 % TI), as well as in the low-turbulence smooth flow (0.5% TI) typical of 

lab scale testing. PIV was employed for capturing the velocity field. The results show that using 

realistic TI levels in the water tunnel significantly decrease the turbine’s power coefficient compared 

to smooth flow, highlighting the importance of considering this effect in future experimental 

campaigns. 


