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m Reference Models: Develop a representative set of Reference Models
(RM) for the MHK industry to develop baseline cost of energy (COE) and
evaluate key cost component/system reduction pathways

m Research Tools and Testing: Analysis tools and methods to be
developed, evaluated and validated. In addition, new materials and
coatings will be developed, evaluated, and validated. Most importantly all
these tools, formulations and test data will be accessible to industry.

m Market Acceleration: Assessment of changes to the physical (i.e.
currents, waves, sediments, and water quality) & acoustic environment
potentially incurred through operation of various types of MHK devices
and arrays.
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Reference Models: Integrate WP Program
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Development and Application of Analysis Tools
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Research Tools and Testing

Code Development and Evaluation
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Turbine Modeling and Testing

m Single Device

- Development of CACTUS
Code for both cross flow
and axial flow turbine » s
analysis N R

- Design and test of high

performance turbine e . C>

blade (with Penn State .
ARL and UC DaV|s) |
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Ultimate Tensile Strength, MPa
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Materials and Coatings

m Collaboration with
Montana State University

Moisture Absorption

Mechanical Testing on salt

water immersed
composites
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m Biofilm baseline
measurements on
commercial materials &
coatings
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Materials and Coatings

Coating Significantly less fouling Fouling reduction (log Fouling Reduction
Test ID Source Material than control? CFU,Icmz) (%)
EP2000 ePaint SS No - ——
EP2000 ePaint Al No
EP2000 ePaint PVC No - -
SN-1 ePaint HDPE No i -
SN-1 ePaint ss No® - -
SN-1 ePaint HR No’ 3
SN-1 ePaint PVC No - -
SN-1 ePaint Al No 7 -
INT-757 Intersleek PC Yes 0.67 79
INT-757 Intersleek SS Yes 0.81 85
INT-757 Intersleek HDPE No - -
INT-757 Intersleek HR™ No - -
INT-757 Intersleek PVC No - -
INT-757 Intersleek Al No —_ -
INT-970 Intersleek PC Yes 0.79 84
INT-970 Intersleek SS Yes 0.39 60
INT-970 Intersleek HDPE Yes 0.55 72
INT-970 Intersleek HR" No
INT-970 Intersleek PVC Yes 0.55 72
INT-970 Intersleek Al Yes 0.75 82
KNC 8218 S. Dirk SS No - -
KNC 821E S. Dirk SS No - -
KNC 821F S. Dirk Al No -_ -
KNC 821D S. Dirk Al No e -
N/A M. Hibbs Ss No - -
N/A M. Hibbs HDPE No - —
7-67-C M. Hibbs PVC No . -
7-73-C M. Hibbs PVC No - —
7-73-B M. Hibbs PVC Yes 0.37 574
7-74-N M. Hibbs SS No - -
7-73-K M. Hibbs SS No — o
7-67-D M. Hibbs Al No - —
12288 Corning Composite No - -
1229A Corning Composite No - -
1230A Corning Composite No - -
12308 Corning Composite No - -
1 More growth on coated coupon, assumed to be because the coating shielded the cells from the antimicrobial properties of Al.

2 Active ingredient thought to have leached into the reactor solution, thus impacting biofilm growth on controls as well.

3 Approximately 2.8 log CFU cm’” more than EP2000 samples.
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Specific Blade Design
and Testing Project
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Water vs. Wind

= More regular/predictable velocity and direction of flow

® Much higher density
m Cavitation and other hydrodynamic phenomena
m More “stuff” to interact with

- Sediment, rocks, logs...

- Biofouling, fish, whales...
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m Large lift/drag ratio for higher power production
m Increased thickness for structural efficiency

m Good stall characteristics

m Reduced soiling performance loss

m Low cavitation susceptibility (blade reliability)

® Low singing susceptibility (environmental)

Basic design for marine environment




Foil design

m Collaboration with UC Davis to design a MHK-specific hydrofoil
- Tip (red), midspan (green), inboard (blue) family created
- Variants of the tip and midspan have anti-singing trailing edges
- Improved performance and cavitation over NACA 4412
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Penn State ARL Experimental

m Experiments validating MHKF1-180s against simulations is
ongoing
- Performance: Load cell and LDV
- Cavitation

- Soiling performance

MHKF1-180s @ 20 fps and 15 degrees
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Rotor design

= MHK turbines are being designed as if they were wind turbines
- Good starting point, a lot of background information
- Designs constrained by environment changes and foil effects

mSNL has designed MHK-specific rotor with:
- Anti-singing TE, Flatback at root, High twist at root




PSU ARL 48” tunnel test

m Test planned for September 2012
- Load cell, torque/thrust, pressure, acoustic, LDV
- Machined as monoblock, max 7 m/s @ 900 rpm
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