Engineering Technology ‘Real-World”
Independent Study Topics

+

= Advanced Hybrid Vehicle Study
= Cogeneration Spreadsheet Program
= Integrated Windmill-Wave Power Generation

= Renewable Energy Power Generation using Air
Chimney and Open-Pit Mining

= Fluidic Mattress for Sedentary Patients Restricted to
Bed Rest

= Optimized Thermal Energy Storage for Cogen.
Systems

14



Top View Shown of

T yomoseaopion
e Deflectors on
unalmam Wind Torhine Tower

Thre
Integrated with Wave Power Recovery System

c Wind Turbine Towers with N.U's

" Waves are focussed onto Downstream Wind
I vumine Tower and wave power Generators

==y

NU TECH EXPO March 16, 2005

A New Concept for Renewable Power Generation:
Integrating Off-Shore Wind Turbines with a
Unique Wave Power generation System.

Edwin Polido, CI. Of 2005
James P. Ulery Cl. Of 2004
(Lowell Institute School of Engineering Technology)

Francis A. Di Bella, P.Eng.

Assistant Prof

Wave energy s caused by both he potential and Knelicensrgies thatare stored i the
wave front. These energies are, in reality, energy stored from atmospheric disturbances
ihat can bé many nundrads of miles away ffom Wheré the wave I winessed. Recal that

ent airmovements.

vier of waves re charadorzed by heirwave rontal lenih,

wave foight H and vave porod, T(). According to Godirey Boio n Renewable Enery”

5] “Ocean Encrgy Reoovery* [1] a wave power 191 an ideaiizad 00san wave can be

expressed in the equation:

< YWare Power per it wavefront length (owim or ) = (o x G2x H2 X TY2  heightm) and Tis) s
e terd

Whero: p & the densly of sea water, . (<0.81m/s2) s g kational cosleraton. H s the wave This

equation can b reduced to:
Power porWave frort length kWim] =aoxHEXT  Where: = powercoet.=0.98 kiWim3s

The power fomula for waves was smplified further by David Ross n “Energy from Waves' to:
4 [Power/m] = Tior deep ocean wav eswells
[l e A —

Table L of Ver abies & Defiion _[valve __Jonis Notes
D arabie] T
o ariable] 1
e Length of arc=pi x DIZ/n ariable] 1
Faomg ___|Acling Force on Piston ariable] 1ot
o Density of Water 624] it
embeans | Density of Membrane 30 i}
Pressure_|Pressure(gage) within Piston 50] bz 2
[Acy inger Area of piston variable] [3
ryeion Radius of piston ariable]
[dyiton |Giameter of piston variable| 1t
[ Piston Stroke ariable]
[Wave height arabie] T
0 Ralio L. (0 3 (FLstiokela) T 3
T Time period for wave 25] sec 7
Mass Flow Rale Tomisec
Power W
N No- of Active Bouyant Sections 20
7. Only half of the torus Is assumed (o be broken Into ' equal bouyant sections

2. Pressure within piston assumed at 150
3. Piston sized large enough to accommodate wave height specified in evaluation
4. Waves pass at a rate of one every 3 seconds

, School of Engineering Technology

The objective of this study was to integrale a wave power recovery system with a state-of-the-

wind turbinein the conventiona manner provides an ideal point of connection for the wave
power system. As indicated previously in tis paper, the use of an anchor 1o provide a fixed
reference is one of three primary methods of designing awave power system.

e system consists of a series of slastomer membrane (pontoon-|1ke) sections ofwhich only
two are as shown in the figure 4. Each segmentis a section of a torus that coult
installed around the entréwind turbine ower. I reaiity only asoutone half of 1
circumference of acomplete lorus can be effectively used 10 recover the wave enevgylhal is

femalning to be recouara and would thersfore not be cost effctivato pravide. 13 olso true

that only halfof the torus ring could be installed anyway in order fo provide f e means of

access o the wind turbine lower. In the parametric analysis hai folows the entire {ons was.

splitinto 10 segments (thus, each has an arc length of 36 degrees/57.3 x Radius of the torus)
tonly five sections were used to recover the wave energy.

Each torus segment is secured to ane end of a very large, movable piston. The other end of
the piston.cylinder is to be secured to the wind turbine ower's fixed anchor in asuitable

ude rals as shown in the liusiration serve io elp orderly guidetie buoyant.
torus. segmems a5 these segments rise with ihe wave swell and fall with gravty. It m
noted that the guides serve o I 0 Bt eLover the hear

Quitterar mante e
Siwells o during maintennce.

s 151 A Expaer o =1 v pros 350}

e pover e Generaes oy Figure 7. Power Density Produced by NU's
. Wave Power S Wave Power System with Ar Expander
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Figure 8. Power Density Produced by
s Proposed Wave Power System
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Wave eigh, a 1)

Complete a Detailed Design of an Integrated
Windmill and Wave Power Generation
System
Select of Design Critical Components: Torus Buoy
Sections, Wave Guide, Air Piston, Air Expander and
Gear Box
Perform a Case Study of the Performance

and Economics of the Detailed Design
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