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UNH Center for Ocean Renewable Energy

UNH-CORE provides

A multiple-scale research, technology development and evaluation, educati
and outreach for issues related to Ocean Renewable Energy (ORE) syste

A innovation and commercializati@upport for developers

Faculty and staff of UNH-CORE

A have a long history of solving complex ocean problems, experience in lar
scale experimental fluid dynamics, structures, power engineering, etc

UNH-CORE physical infrastructure

A is unique in terms gbroximity, ease of accesand hagavorable test site
characteristics

A UNH-CORE is well equipped for thecaleup processn marine renewable
energy research, development and testing
(concept validation, design, process and demonstration/prototype models

UNH CORE 1 Ocean Renewable Energy Research & Infrastructure Development




S
Chase Ocean [ J 3 o RN
Engineering Lab, [SESi ; % o e e
and Flow Physics [l e SR, -~ EReedls i S8 UNH Pier
). [FCEE S & - < F support vessels
0 o~ Atlantic
: Ocean

2.5 miles
==

Isles of .
Shoals &
=%

2 49“’

Ne

UNH CORE 1 Ocean Renewable Energy Research & Infrastructure Development




UH campu
Chase Ocean
Engineering Lab.

- » . ¥ ¥ "'V -r:\"v B :
N A

Atlantic
Ocean

2.5 miles

Isles of e
Shoals &
-

'.V"

UNH CORE 1 Ocean Renewable Energy Research & Infrastructure Development




UNH Laboratory Facilities

A Chase Ocean Engineering Laboratory + M.E. water/wind tunnels

A1206 x 8otv/wave tank baériage
speed 3 m/s (optical access side & below)

A606 x 4&pengnedifgdank
A 6 0 highGpgeed water tunne(12+ m/s)

A 6 mx 2.5 m x 72 m turbulent boundary
layer wind tunnelFlow Physics Facility
(operational Oct. 2010)

A Various water tunnels, wind tunnels,
flumes & specialized flow facilities

A Instrumentation: ADCP, ADV, LDV, PIV,
HFR-PIV (NSFMRYI), acoustics,
performance, torque, loads, etc.

A Lab Infrastructure supports
R&D throughDOE-TRL 4

(TRL=Technology Readiness Level)
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Examples of Marine Hydrokinetic Research:
Physical models in UNH-CORE/OE Laboratory

A Hydrokineticturbines A Wave energy conversion (WEC) device

graduate student: lvaylo Nedyalkov
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Examples: Modeling of Cross-Flow Axis Turbines

(BE model w/ experimental calibration; single & double disk multiple streamtube BEM models)

- Variation of torque coefficient for - turbine power output over a full lunar cycle
single blade with tip speed ratio . Paower Ouiput and Free Siream Velocity over Tme .
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Example: Performance of MHK Turbines in Waves
U= gHk coshk (h+

- turbine performance in

Z)cos(kx 5 t) [2]

combined current & waves 2S coshkh

R T H =0.2m
@ -0.5-
E T =1.5s
s -If
) Z ..=0.Im
£
2 a2 Velocity oscillation
£ amplitude averaged over
]
o

-2.5 r r r r r r . . .
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Time-averaged Horizontal Wave Velocity Magnitude (m/s

o NoWaves OO4‘n‘}/ S

0.2 4 o Waves

Waves Subtracte
—Poly. (No Waves
—Poly. (Waves)
Poly. (Waves Subtracter

0.15 4

A Waves improve performance of
Gorlov Helical Turbine (GHT)

graduate student:
Pete Bachant

0.05 4

2.4 2.6 2.8 3 3.2

preliminary results
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Performance of MHK Turbines in Turbulence
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Angle of attack variation with turbine rotation.
Red dashed lines: static stall angle. Dynamic
stall angle is fcn of Re#, rate of oscillation,
amplitude of oscillation , and likely turbulence.

- Preliminary water tunnel experiments
w/ HFR SPIV in small UNH water channel:
A static stall angle ifcn of Re# and turbulence.

graduate student:
Pete Bachant
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Performance of MHK Turbines in Turbulence

- performancemprovementsvith turbulence for
turbines operating idynamic stall reginm®




Example: Student-designed hydrokinetic turbine with
variable-flux direct drive generator (senior project)

N. Allen, P. Kilar, B. Roy C. Carrier, S. Baia

deployment
structure

Direct-drive
generator

BEM-model
designed
1.5m rotor

To be deployed with UNH-CORE tidal

N energy test platform v1 in April 2011
e
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UNH-CORE Tidal Energy Test Site
FERC permlt

permlt area

: General Sullivan Brldge S\\
X TV~ N\

| FERC prellm \

September 30, 2009:

FERC preliminary permit
for Project N0.13503-000
was issued to UNH-CORE

(FERC = Federal Electric
Regulatory Commission)
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UNH Tidal Energy Test Site

ACurrents typically > 4 knots g
during each tidal cycle
(maximum > 5 knots)

AMin. depth (LLW) ~8m [T

ATidal range 2.5m * s s
ATIdaI Energy TeSt Sltefor  -‘ . ‘ River cross-sections between piers
turblnes up to 4 m (13 ft) |n £ ‘ : ‘ in square feet.  Onigoing tide:
. . . 1 . v ’ Total cross-section: 23,719sq ft
diameter (=intermediate/larg : P ST S grasyac -

ADOE TRL 5-6 (7)

. General Sullivan Bridge
AFloating test platforms moored % J

|

at General Sullivan Bridge !
AEasy access to test site — Qi a2 e
i Marina/boat launchonboth "™ | e im | T T e Tae | e b
Dover and Newington side 4 . %ﬁ 3

i

T From UNH Pier
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Velocity data at CORE Tidal Energy Site

guasi-instantaneous ADCP transects
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V [cm/s]

Velocity data at CORE Tidal Energy Site

(bottom-mounted ADCP deployed at site, long-term time series)
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Click on picture
to play movie
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UNH Tidal Energy Test Platforms, vl & v2

v1: 35ft x 10ft v2: 65ft x 34ft
- Funded by UNH - Funded by U.S. Department of Energy
-Student-designed and built - availability: summer / fall 2011
-First deployments in Winter 2008/09

Derrick

Test Platform
on 35ft barge

Graduate students
- design of test platform: Jeff Byrne,
- turbine deployment: Matthew Rowell
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Turbine deployment with UNH

Tidal Energy Test Platform v1 ,
at UNH-CORE Test Site 4,

gl

>

-
— -  — - - —
— e —— :.5‘—"7‘( -
e -“v .
% ’mﬂl.—
w— ™ M ¢ — N
e .
- —

AL L PAYAYAYATAYAYAYAY




Turbine deployment with UNH
Tidal Energy Test Platform v1
at UNH-CORE Test Site




Test Platform Overview

A
Length e
Beam S
Draft —
Height 16.5
e 88000
Hull Material (N/A) A36 Stedl

]L-JNH CORE i Ocean Renewable Energy Research & Infrastructure Development
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UNH-CORE Tidal Energy Test Platform (v2), 65 ft x 34 ft
turbines up to 4m in diameter: Operational Animation

Click on image
to play animation
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Anchor Points for UNH-CORE Tidal Energy Test Platform (v2)

65 ft x 34 ft

43° 7'3.25"N
43°7'2.74"N
43° 7'2.49"N
43°7'1.91"N

UNH CORE 1 Ocean Renewable Energy Research & Infrastructure Development
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UNH Tidal Energy Test Platform, v2

ATest capabilities:
(=design criteria)

Note: bottom half of deploy-
menticageo i s modmnlSAream ¢Horizontal)

be replqced with custom AxisTurbine:
streamlined supports etc.

Note: turbines shown as
generic schematics only!

AUp to4m Diameter

Ducted Turbine CrossStream Axis Turbine:
Aup to 7000 Ib Drag Force AUp to5m Length up to3m Diameter

Afint ertlardeisztad ed t iDDB-TRLE-6 {7)bor Stages4,
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UNH Pier (New Castle, NH)

A Size:3 256 (re-bult B 8008)

A UNH vessel berthingR/V Meriel B, R/V Gulf |
Challenger, NOAA SWATH R/V Ferdinand Hassl . g

A Staging point:power, internet, cranes/forklift : e .21
new pier under construction, 2007

[_EJ‘NH Pier in Dec.2008
F S ol |

sj‘: i Veriel B

Gulf Challenger
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NOAA SWATH R/V Ferdinand R. Hassler
will be home-ported at the UNH pier

~
' -

=
—

Launch inMiss., now in Norfolk;

A For more information:
UNH Center for Coastal and
Ocean Mapping (CCOM)
http://ccom.unh.edu/



http://ccom.unh.edu/

Durham

Portsmouth

Isles of
Shoals

MAC / Wave Energy
and Offshore Wind
Energy Test Site
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UNH AMAC & Wave/Wind Energy Test Site

A fully research permitted 36 acre site
(permits through NHDES, US ACE)

A 6 miles oftshore, 1 mile south of Isles
of Shoals in NH state waters, 52m de

A Deployed mooring and buoys have
survived NE winter storms for 10 yea

A Off-the-shelfavailability of
environmental and survey data

A Supported by dedicated B0Ovessel
R/V Meriel B and by diving crews

A Full-scale wave energy sitéNortheast
wave climate) upo DOE TRL 7-8

_ _ summer winter
A Scaled offghore wind test site, AMAC/Wave/Offshore Wind Test Site
class 45 wind resource Environmental Monitoring buoy

UNH CORE 1 Ocean Renewable Energy Research & Infrastructure Development




UNH AMAC & Wave/Wind Energy Test Site

ADCP Velocities

Mid-Depth WinterEastgoingand
NorthgoingVelocities shown
Observed Velocities (red)

Tidal Prediction from analysis of
record (blue)

Tides ~ 10 cm/sec
Tides nearlybarotropic
Weather forced currents ~ 40 to 50
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A environmental and survey data

courtesy of Jim Irish, UNH
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Significant Wave Events

A2signifiycanstdSns in 8 yrs
A 9 m significant wave heigfit15 m trough to crest

A SignificantCurrents:
I Surfacevelocities ~ 2.5 m/s
T Bottomvelocities ~0.5 m/s with added weather forced currents

YWave Statistics - Spring 2007
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Closed-Cell Foam

A Design/Development/Deployment of-Bn
feedbuoy for Open Ocean Aguaculture

I Numerical and physical modeling
I Engineering of oceanurvivable structure

wave tank Y4 ton 1 ton 20 ton
models Capacity Capacity feed capacity (1:1)
(220 scale) (1:4.3) (1:2.7) (84 ton gross)
C UNH CORE 1 Ocean Renewable Energy Research & Infrastructure Development



Expertise: Ocean Engineering I Mooring

Hallbut |
: - Feed Buoy
Feed Buoy :@,’ /
Ny g_,L .
-~ ~Haddock
= - 4 \m :‘ : c L
‘ o | "
| 3 = | \ | N Instrumented mooring, real-time data
».s Cod g S
‘ Subsurface
: Grid
Cfovane—/ ‘ l

| ‘ )
Off-shore mooring grid at AMAC/Wave/Wind site
(Installed for Open-Ocean Aquaculture)

A Numerical and Physical Modeling
(Aqua-FE)

A Full scale prototype evaluation
A Instrumented mooring
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