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Abstract—Fluid flow around a bluff body causes vibrations
as the boundary layer separates and vortices are shed. This
phenomenon, called vortex induced vibration (VIV), is minimized
in most engineering applications, but can be utilized for power
generation. Vortex induced vibration has potential for energy
harvesting in low velocity water flows and therefore could open
many locations to marine renewable energy. Here we present the
results of a field test of a device that utilizes VIV to harvest
energy from flow in a tidal channel. The pendulum-type device
has been designed to generate electricity from motion around
and along three axes. It is named the Whatever Input to Torsion
Transfer (WITT) energy device and in this test is mounted on
top of pipe. During the field test, the WITT generated electricity
at flow velocities from 0.27 to 2.82 m/s. The field test has proven
that the WITT can utilize VIV to produce electricity and charge
a battery in tidal flows with velocities as low as 0.27 m/s. In the
future, the electricity could be used to charge a battery for ocean
observation instruments such as temperature and nitrate sensors.
In-situ power generation by the WITT would extend deployment
times and increase the frequency of measurements.
Index Terms—marine and hydrokinetic energy, vortex induced
vibration, tidal energy, tidal power

I. I NTRODUCTION
At sea power generation for ocean observations is a rapidly
growing field of marine renewable energy (MRE) because
it increases deployment times and sampling frequencies [1].
The most commonly used forms of MRE are currents in tidal
channels and rivers, waves, and thermal gradients [2]. Many
ocean observing instruments require less than 10 watts to
operate but few MRE devices have been designed for such
low power needs [1]. Here we present a field study of a power
generation device that is being designed to use movement from
vortex induced vibration to generate less than 10 watts.
The prototype studied in this field test is called the Whatever
Input to Torsion Transfer (WITT) [3]. It is a pendulum type
transmission system that allows for rotation around three axes
and translation along three axes. It can be scaled to many
Funding is provided by the U.S. Department of Energy EERE-Water Power
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Fig. 1. a) The WITT enclosure sitting on a scale b) diagram of the WITT
on top of the pipe and lander.

sizes, but the unit tested here has a diameter of 0.33 m. The
transmission system and electronics are fully enclosed without
any external moving parts (Fig. 1a). The WITT is tested here
as a device to convert movement from vortex induced vibration
(VIV) into electricity. Vortex induced vibration occurs when
a fluid flows past a bluff body such as a cylinder. In this test
the WITT prototype is mounted on top of a long pipe that
is secured to the seabed with a three-legged lander (Fig. 1b).
The length of the pipe, its diameter, and the material stiffness
control vibration. For this test the pipe was 3.5 m long, had
an outer diameter of 0.14 meters, and was made of polyvinyl
chloride (PVC). The pipe length, diameter, and stiffness were
chosen to keep the vibration frequency near the optimum
frequency of 2 Hz and the amplitude of movement around 0.1
m [3]. The expected velocities to be encountered at the site
were used to determine the pipe length. Numerical modeling
of the site showed average current speed of around 1 m/s. The
system was therefor designed to maximize those conditions.
A location with higher current speeds would require a shorter

pipe and a location with lower current speeds would require
a longer pipe. Inside the WITT enclosure an inertial motion
unit recorded the movement for relating the current velocity
accelerations that can be used for power generation.
II. D EPLOYMENT IN A T IDAL C HANNEL
The field test took place at the Pacific Northwest National
Laboratory’s Marine and Coastal Research Laboratory that sits
at the inlet of Sequim Bay. Sequim Bay is west of Puget
Sound in Washington State, USA (Fig. 2a). The narrow inlet
of Sequim Bay and the tidal amplitudes of the region result
in current velocities above 1 m/s, which are useful for tidal
energy conversion. The WITT prototype was deployed in the
channel at the inlet of Sequim Bay at latitude 48°4.86 N
and longitude 123°2.493 W. The test site was chosen because
numerical modeling showed it to be an area of high power
density and it was deep enough to prevent collisions with boat
traffic (Fig. 2). The NAVD88 water depth of the test site is
12 m and divers assisted with the deployment. The WITT

Fig. 4. Timeseries of the mid-depth current velocity.

Fig. 2. a) Field test location at the mouth of Sequim Bay in Washington
State, USA b) Deployment location and numerically modeled power density
at the mouth of Sequim Bay (T. Wang).

prototype was deployed on June 25th and data were acquired
until July 13th. The measured depth ranged from 7.52 m to
11.24 m during the deployment (Fig. 3).

the current speeds during the deployment shows a narrow peak
of values below 0.5 m/s and a wide spread of higher values
(Fig. 5). The exceedance curve shows that for 50% of the time
the current speed was below 0.25 m/s and that for 17% of the
time it was above 1 m/s (Fig. 5). Flow speeds above 1 m/s
are considered strong enough to generate significant amounts
of electricity, therefore useful amounts of electricity could be
produced for 4 hours during a 24 hour period at this location.

Fig. 3. Site depth during the deployment.

III. R ESULTS
Current velocity was measured during the deployment with
a acoustic doppler current profiler (ADCP) [Nortek Eco Current Profiler]. The maximum velocity at the height of the
WITT was 2.82 m/s with the highest velocities occurring
during flood tide. The current speeds were not symmetrical on
ebb and flood tide. They were close to zero on ebb tide, but
above 1 m/s on 16 of the flood tides (Fig. 4). A histogram of

Fig. 5. Histogram of the velocity measurements (left) and a velocity
exceedance curve (right).

Turbulence measurements were not acquired during this
deployment. Turbulence may cause more motion which would
enhance power production or it may disrupt vibrations at a
resonant frequency and therefore decrease power production.

Future deployments will include an ADCP that has the capability to measure turbulence.
Vortex induced vibration is useful for power generation
when it causes oscillations that force the WITT pendulums
to rotate. The motion of the WITT was tracked during the
deployment by an inertial motion unit (IMU), which reported
the acceleration, gyro, and angle at 10 Hz. [WITMOTION
SINDT RS232]. The absolute values of the accelerations in
the X and Y directions were between 0 and 0.7 m/s2 . The
acceleration in the X direction showed an increase with current
speed but no linear trend was observed in the Y direction over
the full range of current speeds (Fig. 6 a & b). The acceleration
in the Y direction increased as the current speed increased
from 0 to 1.3 m/s and then decreased as the current speed
continued to increase (Fig. 6 b). The gyro in the X and Y
directions also showed the maximum amount of movement
when the current speed was around 1.3 m/s and less movement
at higher velocities (Fig. 6 c & d). The X and Y angles
increased in magnitude with the current speed (Fig. 6 e &
f).
The WITT movement changed over the course of a tidal
cycle as shown for the July 11th tide on Figure 7. During
ebb tide (2:00-8:00), the current speed, accelerations, and
angular movement increased. During slack tide (9:00), the
current speed, accelerations, and angular movement were near
zero. As the tide began to flood (10:00), the current speed,
accelerations, and angular movement increased. Before peak
current speed was reached, the movement decreased (11:00).
The X acceleration remained high but the Y acceleration and
X and Y gyro measurements all remained lower until 15:15. At
15:15, the X and Y accelerations and gyro measurements all
increased again. The current speed at 15:15 was 1.7 m/s. The
X and Y accelerations and gyro measurements all remained
elevated until 16:45 when the current decreased below 0.5
m/s. The very small ebb tide around 19:00 did not initiate
any movement that was measurable in the X and Y signals.
Movement began again on the next flood tide around 23:00.
The displacement of the WITT was calculated from the
X and Y angle data and approximated as two dimensional
motion. The strong flood tide on July 12th was analyzed in
detail to determine how the motion changed over the course
of a tide. Spectra of ten minute time periods of the detrended
displacement show times when the motion had a strong
frequency and amplitude (Fig. 8). At the start of the flood
tide (10:10), there was a small peak in the frequency around
0.59 Hz (Fig. 8a). The frequency and magnitude increased
with the largest peak in the spectra occurring at 10:30 near
0.7 Hz. From 10:30-11:20, the frequency of the movement
increased but the height of the spectra decreased (Fig. 8b).
From 11:30-15:00, the spectra did not show any significant
peaks (Fig. 8c-e). At 15:10, the spectra began to increase in
magnitude and decrease in frequency until 15:40 when the
peak magnitude was reached for end of flood tide (Fig. 8f).
The strong flood tide on July 12th demonstrates how the
WITT movement evolved with changes in the current. The
magnitude of the displacement increased with the current

Fig. 6. Acceleration and gyro measurements as a function of current speed
during the deployment. a) X acceleration b) Y acceleration c) X gyro d) Y
gyro e) X angle f) Y angle.

speed but the amplitude of the oscillations did not increase
uniformly 10:00 and 16:00 (Fig. 7 a b). As the current
increased between 10:00 and 11:00, the frequency of the
oscillations increased and the displacement peaked at 0.08
m as the current reached 0.75 m/s (Fig. 9). The frequency
of the oscillations continued to increase until 11:30, but the
amplitude of the displacements decreased. By 11:30 there
was no clear peak in the spectra and the amplitude of the
oscillations remained low until the current speeds slowed
down to 1.8 m/s around 15:10. At 15:10 the amplitude of the
displacement began increasing again and the spectra showed
a peak around 0.75 Hz.
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Fig. 9. Timeseries of the strong flood tide on July 12th. a) Depth and current
speed b) Timeseries of the displacement c) 10 minute averages of the absolute
value of the detrended displacement d) Peak frequency of the displacement
when there was a spectral peak.
Fig. 7. Timeseries of the tide and WITT movement on July 12th. a) Depth
b) Current speed c) X and Y accelerations d) X and Y gyro measurements e)
X and Y angle.

Fig. 8. Spectra of ten minutes of detrended displacement data over the course
of the strong July 12th flood tide. The color represents the average current
speed. a) 10:10-10:50 b) 11:00-11:50 c) 12:00-12:50 d) 13:00-13:50 e) 14:0014:50 f) 15:00-16:00.

Fig. 10. Strouhal

IV. D ISCUSSION
Maximum movement of the WITT occurred at the beginnings and endings of flood tide instead of when the current was
flowing at its fastest. The times of peak movement were also
the times when the frequency of the movement was highest.
This was an expected behavior because the pipe dimensions
were chosen to maximize VIV at a current speed lower than
the maximum current speed because the maximum current
speed is not maintained for a long time period in a tidal
channel. If a WITT were to be deployed in a river with a
more constant current speed, the pipe dimensions would be
chosen to maximize VIV at that current speed.
The WITT prototype used in this test was not a fully operational unit, but the results can be compared to measurements
acquired by a fully operational WITT unit that was tested in
a tow tank. For the tow tank test, the WITT was hung from
a pipe and towed through the water at a speed of 1 m/s. The
physics of a downward facing WITT hung on a pipe in a tow
tank are comparable to the physics of an upward facing WITT
atop a pipe in a current. The WITT in the tow tank measured
a maximum power generation of 30.71 watts with an average
of 4.88 watts (Fig. 11).

Fig. 11. Power produced by a fully operational WITT prototype in a tow
tank test at a flow speed of 1 m/s.

V. C ONCLUSIONS
Here we have reported on the first field test of a WITT
prototype mounted on top of a 3.5 m long pipe to utilize
vortex induced vibration for power generation. Vortex induced
vibration was observed during flood tides and power was
generated during those times. The current velocity at the site
was above 1 m/s for 17% of the testing time. Power was
generated by the WITT prototype when the current velocity
was above 0.27 m/s, but not at the levels of a fully operational
unit. A fully operational unit was tested in a tow tank and
generated approximately 5 watts at a current speed of 1 m/s.
If a similar unit had been used in this field test it would have
produced at least 5 watts for 4 hours of the day and less than
5 watts for the rest of the testing time.
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