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Wind and Wave Power Gen. Basics (cont.d)

Wave energy is caused by both the potential and kinetic energies that are stored in the 
wave front.  These energies are, in reality, energy stored from atmospheric disturbances 
that can be many hundreds of miles away from where the wave is witnessed.  Recall that 
wave energy is in reality another from of solar energy recovery but only after it has 
thermally effect the air mass above the ocean causing, sometimes violent air movements. 
Thus, wave energy and power of waves are characterized by their wave frontal length, L, 
wave height, H and wave period, T(s).   According to Godfrey Boyle in “Renewable Energy” 
[3]  “Ocean Energy Recovery” [1] a wave power for an idealized ocean wave can be 
expressed in the equation:    

Wave Power per unit wave front length (kw/m or hp/ft) = (ρ x g2 x H2 x T)/32 π height(m) and T(s) is 
the wave period. 

where: ρ is the density of sea water, g, (=9.81 m/s2) is grav itational acceleration, H is the wave This 
equation can be reduced to:  

Power per Wave front length [kW/m]                              Where:  α= power coef.= 0.98 kW/m3-s

The power formula for waves was simplified further by David Ross in “Energy from Waves”  to:
[Power/m] = 0.55 Hs2 T for deep ocean wav e swells               
where: Hs are the significant wave height and T is the wave period in seconds.

TH ××= 2α

Proposed Concept for an Integrated 
Wind and Wave Machine

The objective of this study was to integrate a wave power recovery system with a state-of-the-
art wind turbine generator tower.  The problem statement as such requires that a minimum of 
changes be made to the current design of the wind turbine system. In particular, focus was 
made to utilizing the existing tower footings as they are designed to secure the wind turbine 
tower to the ocean floor, at depths of approximately 20 to 30 meters.   The anchoring of the 
wind turbine in the conventional manner provides an ideal point of connection for the wave 
power system.  As indicated previously in this paper, the use of an anchor to provide a fixed 
reference is one of three primary methods of designing a wave power system.

The system consists of a series of elastomer membrane (pontoon-like) sections of which only 
two are as shown in the figure 4. Each segment is a section of a torus that could have been 
installed around the entire wind turbine tower.  In reality only about one half of the 
circumference of a complete torus can be effectively used to recover the wave energy that is 
incident on the wind turbine tower. This is due to the fact that once the energy has been 
recovered from a wave front the second half of the torus would not have much energy 
remaining to be recovered and would therefore not be cost effective to provide.  It is also true 
that only half of the torus ring could be installed anyway in order to provide for some means of 
access to the wind turbine tower.  In the parametric analysis that follows the entire torus was 
split into 10 segments (thus, each has an arc length of 36 degrees/57.3 x Radius of the torus) 
but only five sections were used to recover the wave energy.

Each torus segment is secured to one end of a very large, movable piston. The other end of 
the piston-cylinder is to be secured to the wind turbine tower’s fixed anchor in a suitable 
manner.  The guide rails as shown in the illustration serve to help orderly guide the buoyant, 
torus segments as these segments rise with the wave swell and fall with gravity.  It must be 
noted that the guides serve to provide an upward path for the segments that recover the linear 
kinetic energy as well as the wave’s potential energy due to the height of the wave.  The piston 
guide rails also enable the feathering of the piston-cylinders during periods of excessive wave 
swells or during maintenance.

AN ILLUSTRATION OF PROPOSED INTEGRATED 
WIND TURBINE AND OCEAN WAVE POWER 

GENERATION SYSTEM

Exhaust air
Compressed air turbine powers
generator during low wind
conditions

Compressed air
piping from Torus

Air intake for air pumps
Torus Segment # 2 shown slightly enlarged
due to Compressed Air Storage

           Torus Segment #1 (in high position)
Wave Swell

     Torus Path along Guide Tracks
           Torus Segment #1 (in low position)

Guide Rails for Piston-Cyl. Air Pump
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PROPOSED CONCEPT TO USE WAVE DEFLECTORS 
WITH PROPOSED WAVE POWER SYSTEM

Top View Shown of 
Three Wind Turbine Towers with N.U.'s
Integrated with Wave Power Recovery System

Waves are focussed onto Downstream Wind
Turbine Tower and Wave Power Generators

Proposed Option:
Wave Deflectors on

     Upstream Wind Turbine Towers

Value Units Notes
D variable ft
d variable ft
larc variable ft 1
Facting variable lbf

ρH2O 62.4 lb/ft3

ρMembrane 30 lb/ft3

Pressure 150 lbf/ft2 2
Acy linder variable ft2

rpiston variable ft
dpiston variable ft
Lstroke variable ft
a variable ft
f 1 3
T 2.5 sec 4

lbm/sec
kW

N No. of Active Bouyant Sections 20

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

Time period for wave
Mass Flow Rate

1. Only half of the torus is assumed to be broken into 'n' equal bouyant sections

Table 1. List of Variables & Definition
Diameter of Torus
Diameter of section

Density of Water
Density of Membrane

Power

Acting Force on Piston

Pressure(gage) within Piston

Length of arc=pi x D/2 /n

Area of piston
Radius of piston
Diameter of piston
Piston Stroke
Wave height
Ratio Lstroke to a (f=Lstroke/a)

Figure 6.  Power (Mwe) Generated by 
N.U. Wave Power System

{Torus Dia.= 15 ft. , Air Expander Eff. =.7, Wave period= 3 sec.}
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Figure 7. Power Density Produced by N.U.'s 
Wave Power System with Air Expander
{Torus Dia.= 130 ft. with Wave Height of 3 ft.}
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Figure 8. Power Density Produced by 
N.U.'s Proposed Wave Power System

{Torus Dia, D=130ft & Torus Sectional Dia.,d as Shown}
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FUTURE WORK

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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