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ABSTRACT 

Tidal energy has been receiving increasing attention 
over the past decade. Due to recent efforts to capture the 
energy from tidal currents, the development of tidal 
current turbines (also called Kinetic Hydropower Systems 
or marine current turbines) has been rapidly progressing 
from prototype to pre-commercial stages. With this 
progression in the development, there comes the need for 
experimental test steps, from the lab, e.g., towing tank 
test, to sea trials. Several different configurations of 
turbines have been tested recently. Significant differences 
in turbine performance have been observed, notably in 
the results obtained between lab tests, numerical 
simulations and sea trials. Evidence suggests a critical 
factor in these differences is the unsteady inflow in the 
current although the mean velocity of the current is highly 
predictable. In order to understand the physics and the 
impact of the inflow on turbine performance and reliability, 
Verdant Power and U.S. National Renewable Energy 
Laboratory have been engaged in a partnership to 
address the engineering challenges of this application. 
Verdant has deployed Acoustic Doppler Current Profiler 

(ADCP) equipment at a Kinetic Hydropower System 

(KHPS) installation at the Roosevelt Island Tidal Energy 
(RITE) project in the East River, New York. ADCP data 

collection at this site has been occurring for over one year 
and is critical for properly defining the operating 
environment needed to design reliable marine systems. In 
this paper, we summarize our recent effort in studying the 
inflow with fixed, bottom-mounted ADCP instrumentation, 
and how the resulting data is processed using numerical 
tools. We briefly review previous work of turbine 
experimental tests and inflow measurement. After giving 
background information from the RITE project, we 
describe the design principle of the turbine under test, 
followed by a presentation of the setup of the 
instrumentation. Then, we provide an analysis of the 
measured time domain data. Particularly, shear profiling, 
turbulence intensity and time-dependent fluctuations of 
the inflow are discussed in detail. For a reliable system 
design, we observe that it is very important to accurately 
quantify the effects of the above factors. Suggestions we 
derive from this study are given at the end of the paper. 
This work is very beneficial not only to help turbine 
designers, but may also help provide guidance for 
environmental policymakers and resources for the fishing 
community. 

INTRODUCTION 

This paper presents recent efforts in studying the spatial 
and temporal fluctuations of the inflow to a tidal current 
turbine by measuring the flow in a real site, conducted by 
Verdant Power with the help of the U.S. National 
Renewable Energy Laboratory (NREL). In the past 
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decade, tidal current energy has been receiving world-
wide attention for its low environmental impact, 
predictability and renewability [1]. Tidal current turbines, 
conversion devices to harness existing kinetic energy in 
tidal currents, have been studied for many years, with 
many prototypes proposed [2]. Particularly, devices have 
been deployed in tidal straits, rivers and oceans in the 
past few years, e.g., Marine Current Turbine [3], Kobold 

Turbine [4], Verdant Power KHPS [5], and Clean Current 
Turbine [6]. One can say that this technology is marching 
from the proto-type stage into the commercial stage. 
Given the similarity between the principles of the tidal 
current turbine and wind turbines, lessons from the 
operation of such turbines, especially offshore wind 
turbines, are quite valuable for tidal current turbine 
designers.  A major lesson is that unexpected offshore 
conditions will lead to significant differences between the 
performance predicted by numerical models and actual 
measurements in the real site. The unexpected offshore 
factors can be attributed to the local turbulence effects in 
the incoming flow and the wake of the turbine which are 
quantified in the numerical program without measured 
data [7] [8].  
To our best knowledge, there is no existing published 
tidal turbine site inflow or wake result, although a few sea 
tests are being conducted, as mentioned above. There 
are two main types of existing investigations related to 
this topic: 1) turbine tests in lab with towing tank or water 
flume and 2) flow measurements for oceanographic or 
hydrological purpose. Laboratory measurements often 
use some trajectory tracking techniques such as injection 
[9]or Pitot tube [10]. However, these techniques cannot 
provide sufficiently accurate results and laser based 
techniques, such as PIV and LDV, have not been used 
for tidal turbine inflow measurements yet. On the other 
hand, many investigations have been conducted in the 
ocean and rivers to measure the flow by using an ADCP 
[11-14]. These investigations neither measure the flow in 
a site for tidal current turbines, i.e., they measure sites 
with slow flow, nor provide sufficiently high resolution 
data, i.e., they measure data with time intervals of 30 
minutes or more. In general, the laboratory tests may 
provide high resolution data but they cannot simulate the 
effects of the natural environment, such as turbulence. 
Thus, quantifying the natural turbulence is essential to 
provide a turbulence spectrum for lab tests or numerical 
programs designed to simulate turbulence. In order to 
have a better understanding of the actual conditions 
offshore, a partnership was initialized between Verdant 
Power and NREL to measure and analyze the current 
flow in a real site. The preliminary results of measuring 
the inflow in this effort are summarized in this paper. We 
first give an overview and background information on the 
testing site for this research, then analyze the preliminary 
results that we have processed thus far. Finally, we 
present some recommendations for future research 
derived from this analysis. 

BACKGROUND INFORMATION OF THE RITE 
PROJECT 

Verdant Power, established in 2000, is one of the world 
leading developers of tidal current turbines. In 2002, 
Verdant decided to start a turbine test project near 
Roosevelt Island in the East River, New York City (See 
Fig.1), called the Roosevelt Island Tidal Energy (RITE) 
project. The RITE project included 3 deployments of up to 
five 35 kW generator units and a single dynamometer 
developed by Verdant Power. The Verdant KHPS is an 
axial-flow turbine that is fixed for unidirectional flows and 
passively yaws in tidal flows, such as the East River. In 
order to improve inflow modeling and overall turbine 
design, a partnership was formed between Verdant 
Power, NREL and Sandia National Laboratory (SNL).  In 
this partnership, NREL will primarily assist Verdant Power 
in studying the unsteady incoming flow, developing 
hydrodynamic and performance models and conducting 
fatigue tests while SNL will assist Verdant Power in blade 
fabrication. The effort summarized in this paper is based 
on part of the investigation conducted by NREL and 
Verdant Power. 

The RITE site is located in the east channel of the East 
River, New York City. The 6 turbines, mounted to mono-
piles on the river bottom, were sited just north of the 
Roosevelt Island Bridge, between Long Island City, 
Queens and Roosevelt Island, on the western edge of the 
east channel. An exclusion zone around the turbine array 
prevented boat traffic from entering.   

The southernmost KHPS was deployed one hundred 
meters north of the Roosevelt Island Bridge (Fig.2). The 
distance between the river bottom and the hub of the 
KHPS is about five meters (Fig.3). A Teledyne RDI 
Workhorse Monitor 1200 kHz ADCP was installed in 
close proximity to the KHPS and was used for measuring 
the incoming flow velocity on both ebb and flood tides. 
The distance between the river bottom and the ADCP 
face is 0.9 meter. Varying bin heights were used during 
these studies, from 10 cm to 1 m (1 m bins shown in Fig. 
3).  

DATA ANALYSIS 

In this section, we shall analyze some preliminary results 
measured by the ADCP. We present the 4-minute mean 
velocity and the turbulence intensity of selected depths 
with either 2 Hz sampling rate and 20 cm bins (first two 
days) or 1 Hz sampling rate and 10 cm bins (the last five 
days, see Fig.4). The results suggest that for the first two 
days, the mean velocity ranged from 0.25 m/s to 2.1 m/s; 
in the last 5 days, the mean velocity ranged between 0.5 
m/s and 2.6 m/s. Similarly, the measured turbulence 
intensity of the first two days (2 Hz, 20 cm) is different 
from that of the last five days (1 Hz, 10 cm). For the first 
two days, the minimum turbulence intensity is around 
12% and the maximum turbulence intensity is around 
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55%; while for the last five days, the minimum turbulence 
intensity is around 20% and the maximum turbulence 
intensity is around 70%, and this value is similar in 
magnitude to previous measurement [15]. It is understood 
that the mean velocity increases over the time period due 
to the tidal constituents’ effect, but the significant 
difference between the turbulence intensity results of the 
first two days and the results of the last five days is 
primarily caused by the difference in the measuring 
strategies. Specifically, the influence of spatial averaging 
within each bin (Fig. 4) is responsible for the step-like 
change in turbulence intensity. The turbulent intensity 
measured at 2 Hz and 20 cm are about 10% lower than 
those measured at 1 Hz and 10 cm.  This suggests that 
reducing the measuring volume by 50% increases the 
measured turbulence intensity significantly. The change 
in sampling rate, temporal averaging, also contributes to 
the ambiguity in turbulence intensity measurements. It 
should be noted that near slack tide, VW ~ 0, the 
turbulence intensity is seen to reach non-physical values 
above 50%. At these low water speeds, VW < 0.5 m/s, the 

definition of turbulence intensity becomes 
WV

 , a non-

physical term as the local Reynolds number is too small. 
 
One can also note that the indicated flow velocity 
increases with increasing height above the river bottom 
while the associated vertical variation in turbulence 
intensity is just the reverse.  Again, this agrees well with 
the influence of spatial averaging on the measured TI, 
seen above. At greater distances above the river bottom, 
the 20

o
 beam expansion angle leads to larger and larger 

bins, thus reducing the measured turbulence intensity. In 
order to understand how the inflow velocity changes with 
depth, we study the variation of the mean velocity over 
the depth by analyzing the data in one day using curve 
fitting and statistical approaches. The fitted curves are 
based on the power law (See Eq. 1) and logarithmic (See 
Eq.2) velocity profile models. Interested readers on the 
theory of these fitting approaches are referred to 
discussions in the TurbSim Users Guide[16]. 
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where ( ), hubU z U  ,  and zo, denote the velocity at 

height z, the velocity at the hub, the empirical shear 
parameter and surface roughness length, respectively. 
We shall use an equivalent form of the logarithmic law 
given in Eq. (3) to quantify the velocity profiles associated 
with the ebb tides measured in this study (Fig. 5a) 
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where u* denotes the flow friction or shear velocity.  
We studied both ebb and flood tide (Fig.5) with 10 cm bin 
height. The profile of the flood flow has been displayed 
twice in part b of the figure, the second time with an 
expanded velocity scale on the abscissa to show the 
features of the profile in greater detail. The profiles were 
derived by first ensemble averaging (4 minutes time 
segments) the available velocities within each range 
(height) gate with respect to the water depth. The 
ensemble standard deviation provides a measure of the 
unsteadiness of the flow within each range gate.  We 
then calculated the power law exponent across the height 
of the disk from values derived from the mean profile. We 
used least squares regression to find the slope and 
intercept of the profile from which we determined the 
logarithmic profile u* and zo scaling parameters. 
 
The ebb flow profile (Fig. 5a) shows no discontinuities 
and can be fitted successfully with either a power law or 
logarithmic velocity profile across the turbine rotor disk.  
It should be noted that the shear exponent for the 
undisturbed ebb tide is about 1/4, significantly different 
than the 1/7

 
used in the wind industry or modified 1/7 law 

which fits some of tidal site in UK[17].The dot-dash line is 
the profile of the standard deviation of the individual 
velocities that were used to ensemble the mean profile 
shape. It is a measure of the flow unsteadiness and a 
source of unsteady loads on the turbine blades. This 
curve increases considerably in the upper portion of the 
profile, likely due to data sampling issues just below the 
water surface. 
 
As to the flood tide (Fig. 5b), this profile shows the 
existence of some form of a weak jet structure in the 
lower half of the turbine rotor disk. The upper part of this 
jet is more unsteady. Again the large unsteadiness in the 
flow shown at the upper reaches of the rotor disk has 
been attributed to data sampling problems. The jet 
structure reflects the existence of nearby Roosevelt 
Island bridge caissons, as shown in Fig. 2; both of which 
constrict the river width and accelerate the flow locally.  
Because of the presence of this quasi-stationary 
perturbation in the flood flow field, the power or 
logarithmic law models cannot be accurately applied to 
describe the shape of the observed velocity profile.  The 
shears associated with this structure and its 
accompanying high levels of flow unsteadiness can be a 
significant source of intense, turbulence-induced loads 
across the turbine rotor disk. 

SUMMARY AND FUTURE WORK 

We presented time series velocity measured by the 
ADCP deployed at the RITE project in the East River, 
New York. The results show that the mean velocity of the 
flow can exceed 2.5 m/s, which is much higher than the 
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cut-in velocity
1
 of most of tidal current turbines. Results 

also confirm the value in the ADCP for vertical profiling, 
as seen in the power or log behavior of the undisturbed 
ebb tide and the clear disturbance from the Roosevelt 
Island Bridge on the flood tide. 
  
Furthermore, due to the large volume of each ADCP bin, 
the turbulence intensity of the inflow is generally under 
predicted. The results also suggest that the flow in RITE 
site is highly turbulent. Ideally, it has been suggested that 
for cost-effective purposes, turbines especially those low 
speed self-start ones should be shut down when the flow 
is slow, i.e., below the cut-in velocity [2]. In a low speed 
flow condition, turbines can still rotate, and thus they still 
generate some power. Meanwhile, the structural fatigue 
of these turbines still increases due to the operation and 
wear, so that maintenance cost increases. From a cost-
effectiveness point of view, it is likely that shutting down 
turbines is more reasonable. However, in the study 
presented here where a combination of low flow velocities 
and high turbulence intensities exist, the breaking or 
damping system of these turbines will be subjected to 
significant unsteady loads induced by the turbulence 
which may lead to severe damage. Consequently, a 
further study on the reliability of the turbine system is 
needed to evaluate if it is more cost-effective to let the 
turbine rotate at low speed freely. Fortunately, this issue 
does not applied to high speed starting turbines such as 
the Verdant KHPS deployed during the RITE project. This 
increases with distance above the river bottom, as the 
ADCP beam expansion angle grows larger. Further 
temporal averaging at low sampling rates reduces the 
measured TI as well, leading to the general under 
prediction of turbulent fluctuations in the East River.  
 
While the 10 cm bin data is closer to the actual turbulence 
intensity in the East River, the real turbulence intensity for 
the tidal turbine inflow is probably higher than the result 
presented in this paper. The measured data here was 
taken close to the limit of the Workhorse Monitor ADCP. 
A device that can measure inflow velocities in a smaller 
measuring volume and at increased sampling rates is 
required. An Acoustic Doppler Velocimetry (ADV), which 
is capable of improved temporal and spatial resolution, 
will be used in the next phase of the RITE project. ADVs 
have been used for some laboratory studies for tidal 
current turbines recently, and for some river flow 
measurements, however, they have not been used in situ 
for tidal turbine inflow characterization [18].  
 
Moreover, one may notice that only time series results 
are discussed in this paper. Future work will focus on 
frequency domain analysis of the data to explore the 
impact of the flow on the turbine’s operation.  This 
analysis, along with improved inflow measurements, is 

                                                           
1 Cut-in-velocity means the velocity, higher than which the turbine will 

start to generate. 

expected to be presented in a journal paper as a later 
time.  
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Figure 1 Roosevelt Island Site, New York 
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a) 

 

b) 

Figure 2 Installation of Verdant Power devices: a) KHPS being deployed and b) ADCP to be deployed 
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Figure 3 Sketch of the ADCP tri-pod and KHPS with 1 m ADCP bins (from cross-section)  
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a)  

 

b) 

Figure 4 ADCP Data with 2Hz 20cm (2 days) and 1Hz 10cm (5 days) from 3/3/2009-3/10/2009:  

a) Mean Velocity and b) Turbulence Intensity 
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a) 

 

b) 

Figure 5 Vertical Velocity Profile 1 Hz 10 cm on 3/22/09: a) Ebb Tide and b) Flood Tide 


