Wave Energy, Fish-feeding and Hurricane Suppression
Stephen Salter, School of Engineering and Electronics, University of Edinburgh. S.Salter@ed.ac.uk
If it is the case that hurricanes grow in sea areas where surface temperatures exceed 26.5 Celsius, perhaps we can reduce their frequency and severity by reducing water temperatures to below the critical value.   Doing this directly over large areas of ocean would need a prodigious amount of energy but it may be possible to provide it in a low grade from ocean waves.

A wave power device should present the waves with the right force for each amplitude and period so that both large and small waves can do their fair share without the small ones being locked out and the big ones taking things too easy.  One perfect interface for all amplitudes and periods is the next bit of ocean and the transmission from one wave to the next is extremely efficient.  We therefore want, as far as possible, to let each particle of water move as would have done in the absence of our equipment.

The proposed design consists of a hollow cylindrical floating enclosure say 90 metres in diameter and 20 metres deep. Buoyancy is provided by an inflated ring with a low freeboard. The cylindrical surface is a continuous wall of non-return valves. Below this is a tube made of a plastic with slightly negative buoyancy, long enough to reach down to the thermocline.  Water can flow into the cylinder with very little resistance but cannot flow back through the valve wall. This will initially raise a head inside the cylinder which would be similar in magnitude to the amplitude of each incoming wave.  When the head exceeds that needed to overcome the difference in density between the warm surface and the cold deep water, there will be flow downwards. The head needed for a surface temperature of 25 C, constant down to a depth of 200 metres followed by a drop to 10 C at the thermocline is only 0.14 metres.  The inertia of the water column inside the down-tube is so large that the velocity will be almost steady and water will be sucked into the cylinder during any lull of the incoming waves.  

If we look at the decaying orbital motions of waves as a function of depth and wavelength, we see that the horizontal displacements of long period waves go deeper than short ones but that short ones do their displacing more often. The transfer rates for all periods between 6 and 10 second are nearly the same for valve wall depths of 15 to 20 metres.   For a 20 metre wall depth the flow volume would be about 2.8 cubic metres per second for each metre width of installation and each metre wave amplitude.  In a one-metre amplitude regular wave this would be about 250 m3/second for a 90 metre diameter unit.  The thermal energy transfer would be this flow rate times the specific heat of water (4.28 MJ per m3 Kelvin) times the temperature difference of 15 C. This comes out to 16 GW.

Real waves are not regular and oceanographers describe the wave climate of a site using a scatter diagram which gives the annual probability of any combination of height and period.  If we take the rather gentle climate of the Canaries, reduce wave amplitudes by the size of the thermal head and the pressure drop of a practical valve, we still get a mean thermal transfer of about 10GW per unit.

Longuet-Higgens and Stewart have shown that in addition to the drag from any currents there is also a large force due to the momentum of waves which depends on the square of incident plus reflected minus transmitted amplitudes. The proposed structures will have no firm attachment points for a mooring.  As nearly all ocean systems consist of gyres it may be possible to let the units drift freely but to release the water sideways to produce a controlled amount of thrust towards the centre of the local gyre.   A side-effect will be an increased flow of nutrients to the sunlit surface which will have beneficial effects on phytoplankton which are the start of the marine food chain. 
