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1 INTRODUCTION 
This report details work performed on the project Evaluation of Performance Assessment Procedures for 
a Floating Hydrokinetic Turbine.  This project was initiated to support Canada’s participation in the 
development of International Electrotechnical Commission (IEC) standards for marine energy converters. 

We used a combination of computational modeling and field work using the Mavi Mi1 20kW floating 
hydrokinetic turbine to investigate the following: 

1. Assess the design and procedural challenges when following IEC recommendations to deploy a 
current profiler upstream of a floating turbine; 

2. Investigate the effect of recommended current profiler location on performance assessment of a 
turbine with non-circular frontal area. 

We conducted the field trials in December 2014 and September 2015 at the Canadian Hydrokinetic 
Turbine Test Centre (CHTTC) with the support of CHTTC staff. 

Results from this research will inform the development of an existing Technical Specification (TS) 
currently in the maintenance phase, as well as a TS currently under development. More specifically: 

1. IEC/TS 62600-200 (Tidal Performance Assessment) / Ad-Hoc Group (AHG) 4:  Mavi will 
investigate recommended ADCP placement procedures for floating turbines from this TS, 
which will directly inform Canadian feedback to AHG4 (responsible for maintaining the TS); 

2. IEC/TS 62600-300 (River Performance Assessment):  This work will directly inform 
development of this TS by helping identify modifications that may be required when adopting 
procedures from IEC/TS 62600-200.   

The primary tasks to be completed as part of the project consisted of: 

1. Sourcing an appropriate Acoustic Doppler Current Profiler (ADCP).  
2. Developing a deployment method for measuring the current velocities upstream of the Mi1 

turbine. 
3. Recording current speeds upstream of the Mi1 turbine according to procedures outlined in 

IEC/TS 62600-200 (performance assessment of tidal current energy converters) during testing 
at the CHTTC. 

4. Investigating the effects of measurement location on calculated turbine performance, and 
comparing field data with results from Computational Fluid Dynamics (CFD) simulations. 

5. Providing recommendations to PT 62600-300 to support development of the TS.  
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2 CURRENT PROFILER SELECTION 
IEC/TS 62600-200 contains a number of requirements for measuring current speed upstream of a Tidal 
Energy Converter (TEC) during a performance assessment. 

Presently, Acoustic Doppler Current Profilers (ADCPs) are considered to be the most suitable instrument 
for accurately measuring current speeds through the water column.  We completed a review of ADCPs 
to determine the most suitable models for assessing the floating river turbine. The primary parameters 
driving ADCP selection to meet the requirements of the standard were: 

 The capability to record over a minimum of 10 vertical sampling levels across the TEC projected 
capture area.  This presents a challenge when assessing small turbines, as well as either cross-
flow turbines or oscillating foils designed to be wide (long blades) and compact in the vertical 
direction to allow energy extraction from shallow rivers.  For example, a 2m tall device would 
require a profiler with a 0.2m vertical resolution. 

 A small blanking distance (the black-out distance between the ADCP and closest possible 
measurement location) to allow for current measurements near the surface for floating turbines. 

We reviewed 25 ADCP models from 3 separate manufacturers to select an ADCP for the performance 
assessment.  Table 2-1 provides the four most suitable options, with the selected model being the Sontek 
Riversurveyor M9.  The Riversurveyor M9 seemed to have the most suitable specification with its cell 
size between 0.02 m and 4 m, and a minimum blanking distance of 0.06 m.  It also has a profiling range 
between 0.2 and 40 m, which is a reasonable capability for application away from the CHTTC in greater 
water depths.  

 

Table 2-1:  Potential ADCPs for CHTTC measurements. 
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3 DEPLOYMENT MECHANISM 
TS 62600-200 allows for two potential ADCP orientations during performance assessment.  Depending 
on the orientation, ADCPs must be placed in a box of size and location defined by a specified number of 
equivalent diameters from the turbine being assessed.  For a turbine with a rectangular frontal area, such 
as Mavi’s Mi1 cross-flow turbine, the, equivalent diameter is calculated as follows: 

. .
4

 

                Where:	 h	 	turbine	height	
	 	 	 	 	 	 w	 	turbine	width	

Furthermore, the standard specifies two possible ADCP deployment orientations: 

1. In-line orientation: ADCP must be placed between 2 and 5 equivalent diameters upstream of the 
turbine, and centered within 0.5 equivalent diameters on the centerline of the turbine. 

2. Adjacent orientation: ADCP be placed between 1 and 2 equivalent diameters on either side of the 
turbine, and the average velocity between the two be used for performance assessment.   

This project assesses the TS-recommended “in-line” orientation for current profiler deployment.   

Mavi’s Mi1 turbine consists of a rotor module that may be raised and lowered from a floating catamaran 
platform (see Figure 3-1). Dimensions of the Mi1 turbine module are 3m wide by 2m tall (including 
ducts), resulting in an equivalent diameter of 2.76m. The current profiler should therefore be placed 7.0m 
to 15.3m ahead of the turbine “energy extraction plane” to account for an ADCP having a cone angle of 
25 degrees (see Figure 3-2).  The turbine “energy extraction plane” is the plane perpendicular to the flow 
direction where device rotation or energy conversion nominally occurs. 

 

Figure 3-1: Mavi Mi1 turbine 
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Figure 3-2:  Equivalent diameter and ADCP locations in profile view (m). 

We considered four concepts to deploy the ADCP upstream of the turbine for the experimental trials: 

1. Cantilevered beam (see Figure 3-3):  Uses a cantilevered beam to position the ADCP.  The ADCP 
is deployed either directly from the beam, or from a platform deployed from the end of the beam 
to isolate ADCP motions from pitching of the turbine vessel.   The ADCP position is adjusted by 
either moving the ADCP on the beam, or by using a pulley to adjust the position of the platform. 

2. Beam with end float (see Figure 3-4): An end float supports the far end of the beam.  
3. Secondary floating platform with pulley (see Figure 3-5): A separate platform, moored using a 

separate line either to the anchors or to the turbine’s mooring line, is used to locate a pulley, 
which in turn is used to position the ADCP. 

4. Stand-alone platform (see Figure 3-6):  A stand-alone platform with mounted ADCP is moored 
either to the anchor directly or to the mooring line securing the turbine. The platform is positioned 
as required by bringing in or paying out its mooring line. 

The first three concepts use a pulley at the end of the beams to allow the ADCP position to be adjusted 
by changing the length of the rope run through the pulley to a small floating platform with the ADCP.  
By deploying the ADCP from its own floating platform, pitching motions of the floating turbine can be 
isolated from the ADCP, reducing noise in the readings.   
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Figure 3-3:  Cantilevered beam. 

 
Figure 3-4:  Beam with end float. 

 

 

Figure 3-5:  Separate platform with pulley. 
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Figure 3-6:  Adjustable platform position 

Disadvantages of concepts 1 and 2 were that this project required current measurements at the furthest 
allowable distance in TS 62600-200, resulting the need for long, slender components.  This presented 
mechanical design challenges related to vibrations and with handling the long beams.   

We chose concept 4 to perform the measurements at the required ADCP positions.  This concept 
eliminated the challenges associated with the long cantilevered beam, and used a more substantial 
platform over concept 3.  With the initial test period occurring in December, the we decided that the use 
of a small floating platform did not appear feasible due to the potential for ice build-up affecting the 
hydrodynamics of small platforms, resulting in a risk of capsizing.   

We recognized that a river deployment is unlikely to encounter significant waves causing the platform to 
pitch; therefore, we also chose to test a cantilevered beam solution (Figure 3-7) to deploy the ADCP. A 
cantilevered solution that is accessible from the craft is easier to implement than the multi-platform 
solution.  We used this design to investigate: 

 Whether the beam can be made sufficiently rigid to avoid vibrations; 

 Whether the craft motions affect the performance of the system.  

The cantilevered solution is limited to locating the ADCP up to 2 equivalent diameters upstream of the 
turbine to avoid the design challenges (primarily vibration and component handling) associated with 
using a cantilevered beam at long distances.  To retract the ADCP, a rotating connection was chosen over 
a sliding or telescoping mechanism to avoid difficulties caused by friction on the sliding components 
during positioning, and to allow the ADCP to be easily rotated out of the water when not in use. 
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(a) 

 

(b) 

Figure 3-7:  ADCP pivoting boom design. (a) fully extended, (b) fully retracted. 
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4 FIELD WORK 

4.1 WINTER 2014 DEPLOYMENT 

We deployed the ADCP from the stern of a blue catamaran pontoon boat belonging to the CHTTC (see 
Figure 4-1), and performed trial runs with the ADCP deployed near-shore on December 3rd, 2014.   

On December 5th, we worked with CHTTC staff to maneuver the blue pontoon boat into position using a 
Zodiac boat, and tie to a buoy on the main mooring line upstream of the turbine.  We adjusted the position 
of the pontoon boat relative to the turbine using an on-board electric winch, and used a hand-held distance 
finder to measure the distance from the ADCP to the turbine.   

We took field measurements on December 6th.   Figure 4-2 shows the blue pontoon boat and Mi1 turbine 
deployed on the river.  Figure 4-3 and Figure 4-4 show the experimental setup.   

The extreme cold weather made it challenging to complete the testing in December (overnight 
temperatures dipping below -30 deg C).  We deployed and operated the Mi1 turbine for short periods of 
time, but the cold weather prevented the prolonged operation required to take data to complete the project. 
As a result, the work was limited to verifying the procedure for taking current measurements and 
positioning the ADCP and pontoon boat.  We therefore suspended taking current measurements during 
turbine operation to summer 2015.  

 

 

Figure 4-1:  CHTTC blue pontoon boat. 
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Figure 4-2: Mi1 turbine and pontoon boat deployed in river. 

 

 

Figure 4-3:  Pontoon boat tied to buoy on mooring line. 
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Figure 4-4: Mi1 turbine from the pontoon boat. 

4.2 SEPTEMBER 2015 DEPLOYMENT 

The next round of testing occurred in September 2015 to measure the water current speeds during turbine 
operation.  We performed tests with the ADCP deployed from both the blue pontoon vessel (as was done 
in December 2014), and the ADCP boom directly mounted to the Mi1 platform (Figure 4-5).   

Figure 4-5:  ADCP deployment from the ADCP boom. 
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Similar to the winter tests, we moved the vertical ADCP relative to the turbine by moving the blue 
pontoon boat.  Our intent was to examine how the water speed changed as the ADCP moved closer to the 
operating turbine; however, we observed that the mooring system had a significant impact on the local 
water speed, making it difficult to compare the measured speeds at the desired points between 2 and 5 
diameters upstream of the turbine.  The large buoys used as part of the mooring system at CHTTC (seen 
in Figure 4-3) kept our turbine bridle directly in front of the turbine instead of sinking below the turbine 
as per the original design.  The vertex of the turbine bridle was about 8m upstream of the turbine, and 
interfered with the flow upstream of the turbine at the closest ADCP measurement positions.  Figure 4-6 
illustrates the local impact of the mooring system on the recorded velocity at about 2.2 m below the 
surface. 

 

Figure 4-6:  Water speed profiles measured at 2 equivalent diameters from the turbine. 

Mooring system interference on velocity measurement is a practical issue that has not been addressed in 
any of the IEC performance assessment standards, and is discussed further in Section 4.3.3. 

Given the impact of the mooring system, we developed an alternative method to investigate the local 
impacts of the turbine on velocity measurement.  We positioned a horizontally-oriented ADCP (HADCP) 
at 5 hydraulic diameters upstream of the turbine to measure a reference velocity upstream of the turbine 
bridle.  We deployed the vertical ADCP (VADCP) at 2 equivalent diameters upstream of the turbine.  We 
then analyzed the relative velocity difference between the two locations by dividing the VADCP velocity 
by the reference HADCP velocity at varying turbine operating conditions. Figure 4-7 shows the VADCP 
deployed from the boom on the turbine, and the HADCP deployed from the vertical pole on the port side 
of the blue pontoon vessel. 
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Figure 4-7:  ADCP deployments from boom and blue pontoon vessel. 

4.3 FIELD TESTING LESSONS LEARNED 

4.3.1 ADCP Deployment 
The relative motion between the pontoon boat and the Mi1 turbine caused difficulties when trying to keep 
the ADCP aligned with the turbine.  The pontoon boat wandered significantly from side-to-side in the 
flow due to its low drag.   

Our first attempted solution was to deploy “drag buckets” behind the pontoon boat in an attempt to 
increase the drag on the system and reduce wandering across the river.  These drag buckets improved 
directional stability, but didn’t fully mitigate against wandering with respect to the turbine platform.  The 
drag buckets would also interfere with the floating turbine when the ADCP/pontoon boat is positioned 
close to the turbine.   

Our second attempted solution was to tie a line from the centre of the stern of the pontoon boat down to 
the mooring line passing underneath the pontoon boat. This method, however, interfered with the ADCP 
mount.  

Our third and preferred solution was to tie a line from the stern of the pontoon boat to the turbine floating 
platform.  Once the ADCP/pontoon boat was located at the correct distance from the turbine, we tensioned 
the line to the floating turbine platform to minimize relative motion.  This kept the ADCP within half of 
a hydraulic diameter of the turbine centerline, as specified by TS 62600-200.  When the stern line was 
attached between the pontoon boat and floating platform, we were able to maneuver the ADCP to within 
0.5m of the desired distance from the turbine.   
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4.3.2 ADCP Operation 
The vertical bin measurement size automatically adjusted depending on the water depth when recording 
ADCP data; therefore, a bin size of 0.5 m was obtained during current measurements despite the fact that 
the Riversurveyor M9 can have a bin size down to 0.02 m.  This has significant implications when 
specifying the measurement requirements for a small turbine.  Very few devices have the potential to 
achieve such small bin sizes depending on the depth of the river.  Additional investigation is required to 
re-assess the capabilities of the few other profilers potentially capable of such small measurements.  This 
limitation must be considered when developing the specification for performance assessment of river 
turbines in order to try and avoid having the specification be dependent on a limited number of 
commercially available ADCPs. 

4.3.3 Velocity Measurement Interference 

For these trials, the mooring system had a significant impact on the flow measured upstream of the turbine 
when the ADCP was deployed downstream of the bridle. We observed a significant decrease in incident 
velocity when the velocity was measured between the bridle and the turbine at two equivalent diameters.  
Conversely, at 5 equivalent diameters (upstream of the bridle) a faster velocity was recorded. 

It is therefore important to consider that floating turbine mooring systems may have a variety of 
components in the water such as bridle lines, spreader bars, and marker buoys indicating the position of 
anchors or mooring system components.  If the incident velocity is measured too close to any of these 
items, the recorded flow speed will be affected by the mooring system. Precautions should therefore be 
taken during testing to ensure the current measurement device is free from mooring system interference.  
We recommend that details of the mooring system and measurement location be required as part of the 
performance assessment to allow evaluators to check for mooring system interference on velocity 
measurements.   
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5 DATA ANALYSIS 

5.1 DECEMBER 2014 

5.1.1 Methodology 

We took current measurements in December 2014 with the ADCP at varying distances from the turbine 
as shown in Table 5-1. We recorded 1-2 minutes intervals of current speed data at each deployment 
position.  

Figure 5-1 illustrates the profiler bin locations.  The bin closest to the surface is centered at 1m below the 
water surface.  Bins 2 through 6 correspond to those most closely representing the turbine at its deployed 
position.  These bins cover from 1.25m to 3.75m below the water surface; when deployed, the turbine 
sits between 1.5m and 3.5m below the water surface.  As a result, we used bins 2-6 when analyzing flow 
passing through the turbine.  In TS 62600-200, hub height velocity is taken as the velocity in the bin 
closest to the centre of the turbine, which in this case corresponds to bin 4.   

Where possible, we analyzed the data according to procedures outlined in TS 62600-200.    For example, 
the mean power weighted current velocity was calculated according to the recommended procedures; 
however, because of the large bin size relative to the turbine, bins 2 and 6 only partially overlapped with 
the turbine frontal area.  We therefore halved the area used to weigh the average velocity entering the 
turbine (0.5m bin height x 3m turbine width) for bins 2 and 6, whereas the full area was used for bins 3, 
4, and 5.  We calculated hub height properties according to the measurements in bin 4.  Looking ahead 
to other applications, it is possible that a bin will not be conveniently centered on the turbine.  This may 
be mitigated by adjusting the deployment depth of the ADCP, or it may be necessary to have two large 
bins each border on the center of the turbine, and take the hub height as the average. 

Table 5-1:  Current Data Measurement Points 
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Figure 5-1:  Profiler measurement bin locations 

5.1.2 Sample Data 
Sample data is provided for two selected measurement locations (4.6 equivalent diameters and 1.7 
equivalent diameters from the turbine). The data from all points is not presented because it is quite similar.  
The data provided in Table 5-2 and Figure 5-2 is for the measurement taken with the ADCP at 13.3m 
upstream from the turbine, or 4.6 equivalent diameters upstream after accounting for the cone angle of 
the ADCP beam. We calculated power weighted velocity over the area of the turbine, velocity shear, and 
RMS fluctuating velocity according to the procedures in TS 62600-200 for the targeted turbine position 
in the river using the large bin size (the turbine was raised out of the water due to the limited trials). 

Table 5-2:  Flow Measurements at 4.6 Equivalent Diameters from Turbine. 
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Figure 5-2:  Flow speed vs. height above river bed at 4.6 equivalent diameters from turbine. 

The sample data in Table 5-3 and Figure 5-3 is for the measurement taken with the ADCP 5.4m upstream 
of the turbine, or 1.7 equivalent diameters after accounting for the cone angle of the ADCP beam. 

Table 5-3:  Flow Measurements at 1.7 Equivalent Diameters from Turbine. 
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Figure 5-3:  Flow speed vs. height above river bed at 1.7 equivalent diameters from turbine. 

The following observations are provided based on the data collected in December 2014: 

 The blanking distance (the minimum distance from the ADCP to the first reading) of 0.35 m was 
suitable for the Mi1 turbine but may not be suitable for turbines that operate closer to the water 
surface. 

 The edge distance (the distance from the river bed up to the first reading) of 2m was suitable for 
this site given the relatively deep water, but may not be suitable for turbines deployed in shallow 
waters or bottom mounted turbines deployed in close proximity to the bottom. Further 
investigation is required to determine if the edge distance can be reduced for the Riversurveyor 
M9, and, in general, what other ADCP manufacturers set for minimum edge distance. 

 The 0.5m bin size auto-selected by the ADCP made it difficult to resolve the velocity shear 
upstream of the turbine in high enough resolution to satisfy the requirements of TS 62600-200. 
This will be a recurring problem if the bin size is relatively large compared to the turbine height, 
and must be considered when developing the standard for river turbines. 

 The large bin size results in only a few data points across the face of the turbine when calculating 
vertical velocity shear.  This should be examined to determine if the level of detail is sufficient 
to accurately assess the performance of a river turbine.   

 It was possible to calculate hub height velocity using the measurements from a single bin centered 
vertically on the turbine. However, depending on the size of the turbine and the capabilities of 
existing ADCPs, alternative methods for calculating hub height velocity may be necessary if an 
ADCP bin doesn’t conveniently align with the hub.  This could include calculation of hub height 
velocity based on the average of multiple bins.  It is also recommended to adjust the ADCP 
deployment height to align bins as best as possible with the turbine in order to simplify the 
calculations. 
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5.2 SEPTEMBER 2015 

5.2.1 Methodology 

In order to analyze the impact of the turbine on local upstream velocity measurement, we used two 
ADCPs to measure the velocity entering the turbine.   

We used a H-ADCP to measure the reference velocity 5 equivalent diameters upstream of the turbine.  
We deployed the HADCP at a depth of 1m, and averaged the bins directly upstream of the turbine to 
obtain the reference velocity.   

We used a V-ADCP to the velocity approximately 2 equivalent diameters upstream of the turbine, and 
calculated the power weighted velocity from these values.   

We then calculated the relative velocities (velocity of the VADCP / velocity of the HADCP) with the 
turbine off and when rotating at different speeds.  The turbine rotation speed is presented in terms of Tip-
Speed Ratio (TSR), which is the ratio of an individual blade speed over the free-stream water current 
speed (taken as the reference velocity).   

These tests were performed in the following configurations: 

 Turbine fully submerged to 1.5m with the VADCP at 7m (2 equivalent diameters) upstream of 
the turbine; 

 Turbine near the surface (90% submerged) with the VADCP at 1.8 and 2.3 equivalent diameters 
upstream of the turbine. 

5.2.2 Analysis 

Figure 5-4 plots the measured velocity approximately 2 equivalent diameters upstream of the turbine 
divided by the reference velocity as a function of turbine TSR.  The TSR range of 1.75 to 2.75 corresponds 
to about 50 – 75 rpm.   

For all cases, the local velocity recorded by the V-ADCP was less than the reference velocity measured 
by the H-ADCP.  We observed (Figure 4-6) that is caused by the mooring system upstream of the turbine; 
however, it may also be influenced by a region of increased pressure upstream of the turbine. 

If the turbine operation affects the upstream velocity at about 2 equivalent diameters, one would expect 
the velocity ratio shown in Figure 5-4 to decrease with increasing turbine revolution speed as the drag of 
the turbine increases.  Run 6 shows little change in the relative velocity with increasing turbine revolution 
speed, while Run 5 shows a slight increase which is opposite to what would be expected.  Run 4 shows a 
steady decrease in relative velocity with increasing turbine revolution speed, as would be expected. The 
variable run data therefore does not provide consistent trends to draw strong conclusions.  This is a 
reasonable result since the existing performance assessment specifications allow the velocity to be 
measured as close as 2 equivalent diameters upstream of the turbine.  If the turbine was significantly 
affecting the measured velocity at this location, this would indicate an issue with the technical 
specification.  
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Figure 5-4:  Impact of turbine on local current velocity. 
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6 NUMERICAL SIMULATIONS 
CFD simulations were also complete to complement the field data.  The simulations were performed for 
a constant current speed of 2 m/s.  The rotor was modeled in 2D given the limited computer resources 
(3D simulations of cross-flow rotors require large computer clusters to run).    

Figure 6-1 shows the predicted velocity contours, turbine equivalent diameters, and ADCP location and 
beam cone.  Figure 6-2 plots the ratio of local/free-stream velocity upstream of the turbine as a function 
of equivalent diameters at the shaft height.  This plot shows that at 2 equivalent diameters, the predicted 
velocity is 96.9% of the free-stream velocity, while at 5 equivalent diameters the velocity is 99.5% of the 
free-stream velocity.  This could theoretically lead to an over-prediction of 10% [1 / 0.97^3 = 1.10] of 
the turbine power. 

The field trials showed that the current speed measured near two equivalent diameters upstream of the 
turbine was consistently less than the velocity measured at 5 equivalent diameters.  Run 6, which matches 
the CFD condition, shows that the area-weighted current speed is approximately 97% of the free-stream 
current speed, matching the CFD prediction; however, we know that mooring line interference is 
impacting the velocity, so we can’t definitively link the velocity reduction to the operating turbine alone 
as shown in the 2D CFD.  Runs 4 and 5, with the turbine operating closer to the water surface, did not 
show a consistent relationship between the measured velocity reduction and the turbine rotation speed.   

3D CFD simulations and/or an experimental test program free from mooring line interference are 
recommended to more accurately measure the drop in incoming current speed given that a small change 
in velocity can lead to appreciable change in power.  

 

 

Figure 6-1:  Velocity contours around the Mi1 turbine at 2m/s free-stream velocity. 
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Figure 6-2:  Ratio of local to free-stream velocity vs. distance from turbine at hub height. 
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7 CONCLUSIONS 
This report identified a number of practical issues related to velocity measurements in the field using 
ADCP for performance evaluation of floating hydrokinetic turbines.  A review of available ADCPs 
concluded that very few devices had the capability to achieve small vertical bin sizes when taking current 
measurements in the river.  The Sontek Riversurveyor M9 seemed to be the most suitable solution for 
measuring currents upstream of river turbines; however, the internal software of the device self-adjusted 
to obtain bin sizes of 0.5m vs. the targeted 0.2m.  This limited number of suitable ADCPs for small 
turbines needs to be considered when specifying the procedures for the river turbine performance 
assessment. 

We considered a variety of methods for deploying the ADCP upstream of the turbine.  Specific 
requirements driving the design were the need to deploy the ADCP up to 5 equivalent diameters (15.3m) 
from the turbine, and to deploy during the cold weather.  We successfully deployed the ADCP from the 
blue pontoon boat, which was large enough to avoid negative impacts from ice build-up.  We adjusted 
the ADCP position by running a line from the on-board winch to a buoy upstream of the turbine, and we 
used a secondary line between the blue pontoon boat and the turbine to maintain alignment of the floating 
platforms.  We also demonstrated an ADCP boom design that allowed us to deploy the ADCP up to 2 
equivalent diameters upstream of the turbine.  The rotating mechanism facilitated easy deployment and 
removal of the ADCP, and vibrations were not an issue.  This design is effective in rivers where there are 
few waves, but may not be as effective in larger waves where the turbine experiences significant pitching.   

In winter 2014, we ran limited field trials due to the extreme cold.  We used the collected flow data to 
calculate power weighted velocity, velocity shear, and RMS fluctuating velocity were according to the 
procedures in the TS 62600-200 for the turbine position in the river.  The large bin size (auto-adjusted to 
0.5m by the ADCP) resulted in few data points across the face of the turbine.  In our case, hub height 
velocity was calculated using the measurements from a single bin centered vertically on the turbine; 
however, depending on the size of the turbine and the capabilities of existing ADCPs, alternative methods 
for calculating hub height velocity may be necessary if an ADCP bin doesn’t align with the hub height.  
This should be considered when developing the river performance assessment technical specification.  
Where possible, the ADCP deployment depth should be calculated before testing in order to centre a bin 
on the hub height. 

During the field testing in September 2015, the unique configuration of the large buoys at the CHTTC 
resulted in our turbine bridle being located at the same height of the turbine instead of below the turbine.  
This interfered with the flow entering the turbine, and made it difficult to compare velocity measurements 
between points located close and far from the turbine.  We therefore examined the effects of the 
operational turbine on incident velocity using the following procedure: 

 Measure the velocity at 2 equivalent diameters upstream of the turbine using a vertical ADCP 
deployed from a boom extending from the turbine floating platform; 

 Measure a reference velocity at 5 equivalent diameters from the turbine using a horizontal ADCP 
deployed from the blue pontoon vessel; 

 Calculate the ratio of the velocity near the turbine to the reference velocity while increasing 
turbine revolution speed to look for turbine impacts on the local flow. 
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The field trials showed that the current speed measured near two equivalent diameters upstream of the 
turbine was consistently less than the velocity measured at 5 equivalent diameters, and that varying the 
turbine rotation speed did not consistently affect the velocity measurement.  Run 6, which matches the 
CFD condition, showed that the area-weighted current speed is approximately 97% of the free-stream 
current speed, matching the CFD prediction; however, we know that mooring line interference is affecting 
the velocity, so we can’t definitively link the velocity reduction to the operating turbine alone as shown 
in the 2D CFD.  Runs 4 and 5, with the turbine operating closer to the water surface, did not show a 
consistent relationship between the measured velocity reduction and the turbine rotation speed. 

Neither the tidal or river performance technical specification recognizes the potential for mooring system 
components to interfere with the upstream velocity measurement.  Generally, turbine designers will avoid 
interfering with the flow entering the turbine in order to extract the maximum possible power; however, 
interference near where the velocity measurement is taken could significantly affect the performance 
results.  Interference could be from mooring lines or spreader bars, upstream markers such as anchor 
buoys, etc.  The IEC technical specifications should acknowledge that the velocity measurement location 
should be free from mooring system interference for floating turbines.  This will be added to IEC 62600-
300 (river performance assessment) and should also be updated in 62600-200 (tidal performance 
assessment). 

The 2D numerical simulations showed that in ideal conditions, the incident velocity two equivalent 
diameters upstream of the turbine was 97% of the free-stream velocity.  This could theoretically over-
predict efficiency by 9.5% [1 / 0.97^3 = 1.10].  Given the mooring system interference, we can’t 
conclusively determine if this is the case for our turbine system. Future work may include investigating 
the change in current speeds upstream of a turbine completely free from mooring line effects.  This could 
be done at an alternative location, where the bridle is below the turbine, or on a fully submerged turbine.  
In each case, we recommend deploying a current measurement device at both 5 equivalent diameters and 
2 equivalent diameters upstream of the turbine and analyzing the relative change as was done in this 
report in order to keep a consistent reference, vs. trying to move a current profiler to multiple locations 
during a test.  3D simulations would also provide more insight into the impact of any potential velocity 
reduction at 2 equivalent diameters upstream of the turbine. 


