
US 20070257492Al 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2007/0257492 A1 

Robson (43) Pub. Date: NOV. 8, 2007 

(54) SUBMERSIBLE ELECTRICAL POWER (57) ABSTRACT 
GENERATING PLANT 

_ A self-su ortin , submersible eneratin lant for roduc 
(76) Inventor: John H‘ Robson’ Mundehen’ IL (Us) ing elecii‘ijcity gi‘rom ocean cigirrents, cgolrjisisting if two 

_ counter-rotating, rear-facing turbines With a plurality of 
g/loeri?jlliogdiillzioiildlgeés' rotor blades extending radially outWard from tWo separate 
P‘ 0‘ BOX 309 ’ ' ' horizontal axis that convey the kinetic energy from the tWo 
Barrington IL 60011 (Us) slde-by-side, counter-rotatmg turbme rotors through sepa 

’ rate gearboxes to separate generators that are housed in tWo 

(21) APPI' NO‘: 11/416,604 Watertight nacelles that are located suf?ciently far apart to 
provide clearance for the turbine rotors. The tWo generators 

(22) Filed. May 3, 2006 and their gearboxes serve as ballast and are located far beloW 
a streamlined buoyancy tank that extends fore and aft above 

Publication Classi?cation and between them. A combination of a leverage system and 
a pressure-controlled system adjusts the hydrodynamic lift 

(51) Int, Cl, ing forces to maintain constant depths. There are systems to 
F 033 13/00 (200601) purge the ballast Water to facilitate the recovery of both 
H021’ 9/04 (200601) individual submersible poWer plants and a group of many 

(52) US. Cl. .............................................................. .. 290/54 submersible power plants 

W 



Patent Application Publication Nov. 8, 2007 Sheet 1 0f 16 US 2007/0257492 A1 



Patent Application Publication Nov. 8, 2007 Sheet 2 0f 16 US 2007/0257492 A1 

24 

46 10 
261 
/ 

262 46 
261 261 11 261 231 

22 \ 23i_\@\_\ \ \ / 

232/ 
14 

13 

222 12 

267 

233 



Patent Application Publication Nov. 8, 2007 Sheet 3 0f 16 US 2007/0257492 A1 



Patent Application Publication Nov. 8, 2007 Sheet 4 0f 16 US 2007/0257492 A1 

202 10 201 

27 o 

18’ 19 



Patent Application Publication Nov. 8, 2007 Sheet 5 0f 16 US 2007/0257492 A1 

16 1111628 

/ 
$6 55 54 53 

5 M59 
Fig. 5 



Patent Application Publication Nov. 8, 2007 Sheet 6 0f 16 

25 
26 

354 353 

356 355 

27 

US 2007/0257492 A1 

28 



Patent Application Publication Nov. 8, 2007 Sheet 7 0f 16 US 2007/0257492 A1 

21 

Fig. 7 
105 



Patent Application Publication Nov. 8, 2007 Sheet 8 0f 16 US 2007/0257492 A1 

'*' 140x26 

/ 
31 

61 a lumuuuwmuuuhuuuummwug 
__[ mnnmrmnnmmmnnmmnmmr' 

__l_'' 

63%“ 64 JJMMWWNWNML ‘ 
65 66 _ 31 

62 Fig. a 
150 69 TU 



Patent Application Publication Nov. 8, 2007 Sheet 9 0f 16 US 2007/0257492 A1 

140126 

6‘ 31 

Fig. 9 31 



Patent Application Publication Nov. 8, 2007 Sheet 10 0f 16 US 2007/0257492 A1 

mg m 

e N _. 

aim W5“ 
- _ 



Patent Application Publication Nov. 8, 2007 Sheet 11 0f 16 US 2007/0257492 A1 

L, 
g 

3 [_ 
U L- 271 

559? \ 
I 2 '70 

250 

253 

—> / ——> 

| —T_— 
306 306 

4|—— <—— 

39 7 30 Y 
254 

Fig. 1 1 



Patent Application Publication Nov. 8, 2007 Sheet 12 0f 16 US 2007/0257492 A1 

253 261 253 27s 



Patent Application Publication Nov. 8, 2007 Sheet 13 0f 16 US 2007/0257492 A1 

264 
264 280 

49 
1'24 

‘26: 

J 279 
46 R295 

123 

266 766 266 066 
296%“ ~ \ 296 ~ 

+—— % 
Fig. 13a Fig. 13b 



Patent Application Publication Nov. 8, 2007 Sheet 14 0f 16 US 2007/0257492 A1 

453 264 

296 

412 

Fig. 14a 2“ 

453 264 

Fig. 14c 2“ 



Patent Application Publication Nov. 8, 2007 Sheet 15 0f 16 US 2007/0257492 A1 

</ < 5 

3/ /3\ /3/ 
g égm 

1 4%: 1 /\ /1/%%= 
gig: 

£5; #5? Q 



Patent Application Publication Nov. 8, 2007 Sheet 16 0f 16 US 2007/0257492 A1 

1 



US 2007/0257492 A1 

SUBMERSIBLE ELECTRICAL POWER 
GENERATING PLANT 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The presently disclosed invention generally relates 
to improvements on a submersible electrical poWer gener 
ating plant. More speci?cally, the presently disclosed inven 
tion is primarily intended for providing an improved elec 
trical poWer generating plant that is able to generate 
electricity from the kinetic energy contained in steady ocean 
currents. 

[0003] 2. Description of the Prior Art 

[0004] Perhaps the most frightening aspect about the 
approaching energy crisis is that so feW are aWare of the 
seriousness of the problem and the devastating impact that 
the Worsening shortages of oil and natural gas Will have 
upon our industrialiZed society, upon our nation, and upon 
our lives. The decline in the production of both World oil and 
North American natural gasicombined With catastrophic 
global Warmingihave created an urgent need to sWitch 
from fossil fuels to those energy sources that are sustainable 
and non-polluting. Oceans’ currents ?oW at all depths, With 
the strongest usually occurring in the upper layer, Which is 
shalloW compared to the depth of the oceans. The main 
cause of surface currents in the open ocean is the action of 
the Wind on the sea surface. 

[0005] Winds of high constancy, bloWing over great 
stretches of an ocean, have the greatest effect on producing 
current. It is for this reason that the northWest and southeast 
trade Winds of the tWo hemispheres are the mainsprings of 
the ocean’s surface current circulation. In the Atlantic and 
Paci?c oceans the tWo trade Winds drive an immense body 
of Water WestWards over a Width of some 50 degrees of 
latitude, broken only by the narroW belt of the east-going 
Equatorial Counter-current, Which is found a feW degrees 
north of the equator in both of these oceans. A similar 
WestWard ?oW of Water occurs in the South Indian Ocean, 
driven by the southeast trade Wind. These WestWard surface 
currents produce giant eddies that are centered in latitudes of 
approximately 30 degrees N. and S. that rotate clockWise in 
the northern hemisphere and counter-clockWise in the south 
ern hemisphere. Currents of over 3.5 mph are con?ned to 
very restricted regions. They have been recorded in the 
equatorial regions of the oceans, and in the Warm currents 
?oWing to higher latitudes in the Western sides of the oceans. 
Ocean Passages of the World (published by the Hydro 
graphic Department of the British Admiralty, 1950), lists 14 
currents that exceed 3 knots (3.45 mph), a feW of Which are 
in the open ocean. 

[0006] The Gulf Stream and the Kuroshio are the only tWo 
currents that the book lists having velocities above 3 knots 
that ?oW throughout the year. The book states the strongest 
currents recorded for the Gulf Stream and the Kuroshio in 
nautical miles per day. These speeds are equivalent to 156.5 
statute miles per day (6.52 mph) for the Gulf Stream, and 
133 statute miles per day (6.375 mph) for the Kuroshio. 
Because these speeds Were determined by hoW far the 
current carried ?oating objects in 24 hours, they do not 
re?ect the maximum current speeds at speci?c times or 
places. Both the Gulf Stream and the Kuroshio are currents 
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that are driven by the Coriolis force that is produced by the 
earth’s eastWard rotation acting upon the ocean currents 
produced by the trade Winds. Because these currents are 
caused by the earth’s eastWard rotation, they Will continue 
?oWing through the Straits of Florida for as long as our 
planet continues to turn on its axis. 

[0007] In addition to producing the Coriolis Effect that 
produces the oceans’ gyres, another consequence of the 
earth’s eastWard rotation is that the center of each of those 
gyres is offset toWard the Western edge of the ocean basin 
that con?nes it. Because the volume of Water ?oWing toWard 
the poles along the narroWer Western sides of the gyres is the 
same as that circulating back toWard the Equator doWn the 
much broader eastern expanses, the constricted Western 
currents are forced to ?oW much faster than their eastern 
counterparts. This is What makes the Gulf Stream and the 
Kuroshio such poWerful currents. Because the Gulf Stream’s 
current is relatively consistent, turbines poWered by that 
current should generate usable electricity virtually one hun 
dred percent of the time. 

[0008] The Gulf Stream starts roughly Where the Gulf of 
Mexico narroWs to form a channel betWeen Cuba and the 
Florida Keys. From there the current ?oWs northeast through 
the Straits of Florida betWeen the mainland and the Baha 
mas, ?oWing at a substantial speed for some 400 miles. It 
hits peak velocity oif Miami, Where the Gulf Stream is about 
45 miles Wide and 1,500 feet deep. There the current has 
reached a speed of as much as 7.75 mph in its narroW central 
axis. Although the peak current velocity of the Gulf Stream 
may at times exceed 7 mph in its narroW axis off of Miami, 
the most likely velocities for those turbines placed in its 
central axis Would most probably be betWeen 4.75 and 6 
mph. 

[0009] As previously stated, the Kuroshio’s maximum 
?oW rate is only slightly sloWer than that of the Gulf Stream. 
Although turbines designed for the Gulf Stream can also 
generate loW-cost electricity from the Kuroshio, they Would 
probably not operate at quite the same high capacity factors 
in that current as they Would in the Gulf Stream. This is 
because the velocity of the Kuroshio ?uctuates more due to 
both seasonal and tidal effects, ?oWing sloWer in the fall and 
With rising tides. The current has tWo stable path patterns 
south of Honshu, the largest island of Japan. It has a straight 
path that ?oWs eastWard, after passing the tip of the Kii 
Peninsula, and it has a large meandering path that ?oWs 
around a large coldWater mass that can form to the southWest 
of that peninsula. Either pattern can persist for periods 
ranging from several months to several years. Because of the 
Kuroshio’s changing paths and extreme Water depths in the 
area, there is only one location Where the turbines can 
consistently produce poWer. That is just south of the IZu 
Peninsula and Sagami Bay, Where both current paths pass 
over the IZu-OgasaWara Ridge, Where the Paci?c Plate 
subducts under the Philippine Sea Plate. 

[0010] Other possible sites for submersible poWer plants 
include the East Australian Coast current, Which ?oWs at a 
top rate of 110.47 statute miles per day (4.6 mph), and the 
Agulhas current off the tip of South Africa, Which ?oWs at 
a top rate of 139.2 statute miles per day (5.8 mph). Oceano 
graphic current data Will suggest other potential sites. Tidal 
currents are of interestinot because a tethered submersible 
poWer generator Would be Well suited for harvesting their 
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kinetic energyibut because they also involve the genera 
tion of electricity underwater, the transmission of that power 
to shore, and because serious money is being invested in 
their development, even though their capacity factors are 
very loW. The tides are the periodic motion of the Water 
caused by the differences in the gravitational attractive 
forces of the moon and the sun acting on all the different 
parts of the rotating Earth. As the tides rise and fall, periodic 
horiZontal movements of Water accompany them: the tidal 
currents. The variations in the speed of the tidal currents 
from place to place are not consistent With the range of the 
tides and, depending on the shape of the coastline; they can 
even be the reverse. 

[0011] Although there is presently no interest in producing 
more poWer from a tide’s changing Water level, there is a 
groWing interest in the tidal currents. As With all turbine 
poWer plants, the ability to produce electricity depends on 
the e?iciency of the design and on the speed and steadiness 
of the ?uid driving it. Although the usable current velocities 
that drive the tidal turbines can be about the same as those 
that Would drive turbines placed in the Gulf Stream, the tidal 
currents oscillate and can produce poWer only betWeen the 
high and loW tides. As a result, their capacity factors Would 
almost certainly be less than 15 percent. Because the capac 
ity factors for the turbines operating in the Gulf Stream 
Would be about ?ve or six times those of the tidal-poWered 
turbines, they Would produce ?ve to six times as much 
poWer, andiunlike that Wildly oscillating poWer produced 
by the tidal turbinesithat poWer Would be almost as steady 
as that poWer produced by many fossil-fuel plants. Although 
there Will be some changes in the current’s velocity, caused 
by the moon’s tidal effects and the steadiness of the trade 
Winds, the only reneWable energy source that Would have 
higher capacity factors than those of Well-placed turbines in 
the Gulf Stream Would be the conventional hydroelectric 
poWer plants that have su?icient Water in their reservoirs. 

[0012] Well-placed turbines in the Gulf Stream Will spin 
Whether or not there is any demand for their electricity. 
Because they Would operate best under steady loads and 
because their operating costs Would be virtually Zero that 
poWer they produce that is in excess of that required by the 
grid can be used to produce energy in other forms. This can 
include the charging of batteries to poWer vehicles and the 
production of hydrogen. Common energy e?iciencies for the 
electrolysis of Water are at about 65%. HoWever, by using 
catalysts in the Water electrolyte, e?iciencies of 80% to 85% 
are possible. The amount of hydrogen that can be produced 
by this method is directly proportional to the amount of 
electricity used. Instead of adding more gas-?red generating 
capacity to handle the periods of peak demand, We should 
strive to generate more than enough poWer from the Water 
turbines’ free energy to cover the peak loads and then add 
additional loads to fully utiliZe the surplus generating capac 
ity during periods of loW demand from the grid. 

[0013] In this Way, not only can these submersible turbines 
eliminate the need for fossil fuels to produce electricity, they 
can produce electricity for recharging the batteries of “plug 
in” hybrid vehicles and hydrogen to poWer fuel-cell 
vehicles. Producing hydrogen by electrolysis can eliminate 
the need for a hydrogen transportation infrastructure because 
the hydrogen can be produced from Water at local fueling 
stations during off-peak periods. Every kiloWatt-hour of 
electricity that is generated by Water, Wind, and other 
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reneWable-energy sources can replace the same unit of 
electricity that is presently being generated by burning fossil 
fuels. Based on a study in the UK, that determined the 
carbon dioxide emission of their fossil-fuel plants, each of 
the submersible electrical poWer generating plants, having a 
design capacity of 1200 kiloWatts and operating With a 90 
percent capacity factor, Would reduce the carbon dioxide 
emissions by roughly 8,100 US tons per year from that 
produced by the fossil-fuel plants producing the same 
amount of electricity. 

[0014] Water has much more mass than air and Would be 
moving more sloWly. A cubic unit of Water Weighs about 854 
times the same cubic unit of air at sea level. The amount of 
kinetic energy that passes through a turbine can be calcu 
lated using the formula: 

The mass is the Weight of the ?uid that passes through the 
turbine’s rotor per second. This can be obtained by calcu 
lating the blades’ sWeep area and multiplying that quantity 
by the distance the ?uid travels in one second. This volume 
is then multiplied by the Weight of the ?uid per cubic unit to 
get the mass. Because the mass passing through the blades 
in one second is a factor of the current’s velocity, the poWer 
produced by the current does not increase by the square of 
its velocity, but by its cube. Therefore, the equation for the 
kinetic energy passing through a turbine can also be Written: 

V=velocity) 

[0015] Rotor Diameters to Generate 600 KiloWatts of 
Electricity in Currents of Different Velocities in MPH 

Assuming current velocity 45% Efficiency rotor diameter 

7.0 34.1 
6.5 38.1 
6.0 43.0 
5.5 49.0 
5.0 56.5 
4.5 66.2 
4.0 79.0 
3.5 96.5 
3.0 110.0 

[0016] To increase the RPM and reduce the torque to 
manageable levels, the poWer from the hubs is transferred in 
either three or four stages to the shaft poWering the genera 
tor. The ?rst stage consists of a strongly built planetary gear 
system. A second planetary gear system is either attached to 
a third planetary gear system or to helical gears, depending 
on the revolutions and torque of the shaft coming from the 
?rst stage. The last stage consists of helical gearsiand, 
depending on the siZing of the gears in the ?rst tWo or three 
stages, a fourth stage of helical gears could be required to 
increase the generators’ shaft speeds to the 1,200 RPM 
required by the 6-pole generators and the 1,800 RPM 
required by the 4-pole generators to produce electricity that 
is compatible With the 60 HZ current used in the US. The 
technology to generate electric poWer from the kinetic 
energy contained in the moving Water can be virtually 
identical to that used by the Wind-poWer industry. 

[0017] Wind turbines that generate electric poWer usually 
have tWo or three long, narroW rotor blades. The have these 
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long bladesinot because they can capture the most energy 
from the Windibut because the blades must be able to 
survive violent Wind conditions. A Wind turbine With many 
blades or very Wide blades (turbines With a solid rotor) 
Would be subject to extremely large forces When the Wind 
bloWs at hurricane velocities because the energy increases 
With the cube of its velocity. To limit the impact from these 
extreme conditions, the manufacturers of the Wind machines 
prefer that their turbines have only tWo or three long narroW 
rotor blades that can be feathered and locked. Because most 
of the force driving the Gulf Stream portion of the North 
Atlantic’s gyre is produced by the steady eastWard rotation 
of our planet, the current’s speeds tend to remain Within a 
narroW range. Very rarely do they exceed 7 mph or drop 
beloW 4 mph. Because the Water Would be nearly a thousand 
times denser than the air and Would be ?oWing at a much 
more constant velocity, instead of their rotors having just 
tWo or three narroW blades to absorb the kinetic energy from 
a small percentage of the ?uid passing through the sWeep 
area, they can have more or Wider blades. 

[0018] All generators produce heat. The electric current 
?oWing through the conductors, both the stator and rotor, 
produces heat because of resistance. In addition, heat is 
generated in the steel of the rotor armature core by the 
changing of magnetic lines. Although the amount of heat 
from all the losses in large generators is only about one 
percent of the output, it can be numerically great. For 
example, a pair of generators producing a total of 1,200 kW 
might have a loss of 12 kW4equivalent to 40,973 Btu per 
hour. Unlike the Wind turbines that can operate on hot 
summer days, the Water turbines Would operate in Water 
having temperatures of about 70° Fahrenheit. HoWever, 
because plastics do not have the same ability to transfer heat 
as do the metal housings used on the Wind turbines, and 
because there Will be no outside source of air for cooling, 
some type of external cooling system Will be required to 
dissipate the heat produced by the generators and gearboxes. 

[0019] A major concern for any tethered submersible 
poWer plant is the doWnWard vector force that is produced 
by the horiZontal-drag force acting through the doWnWard 
angled anchor line. That doWnWard force Will equal the 
horiZontal drag, multiplied by the tangent of the anchor 
line’s doWnWard angle Where it attaches to the generating 
plant. If a tethered generating poWer plant is to maintain a 
uniform depth, any changes in the doWnWard vector forces 
must be balanced be equal opposing forces. If the increasing 
doWnWard vector force is not equaliZed, the doWnWard 
vector forces Will pull the submersible poWer plant doWn to 
that depth Where the angle of the anchor chains’ pull Would 
be reduced su?iciently that the tangent of the attachment 
angle Will be reduced enough that the resulting doWnWard 
vectored forces Will again balance the reduced lifting forces. 
The forces Would again be in equilibrium and the unit Would 
remain at that depth as long as there Were no further changes 
in the horiZontal drag. Because the doWnWard forces 
increase at an increasing rate as the angle of the doWnWard 
pull increases, the angle of the anchor chain Where it 
attaches to the unit should be kept reasonably small. That 
angle should also be kept small because the forces pulling on 
the anchor line Will increase With the reciprocal of the cosine 
(the secant) of the angleiand as that angle increases, 
increasing the pull on the anchor chain, the anchor’s holding 
ability is decreasing. 
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[0020] Most of the prior art for generating electricity from 
ocean currents can be grouped into a feW categories. There 
are the Water Wheels and rotating canisters that are mounted 
on vertical shafts that have V-shaped, cupped or articulated 
buckets, ?ns, or ?ippers to reduce the resistance to the Water 
When the periphery of the Wheels are moving toWard the 
current. U.S. patents in this group include U.S. Pat. No. 
3,973,864 issued to Atherton, U.S. Pat. No. 4,038,821 issued 
to Black, U.S. Pat. No. 4,134,710 issued to Atherton, U.S. 
Pat. No. 4,551,066 issued to FrisZ, U.S. Pat. No. 4,748,808 
issued to Hill, U.S. Pat. No. 4,818,888 issued to Lenoir, and 
Us. Pat. No. 6,006,518 issued to Geary. There are patents 
for devices having vertical turbines that are mounted on 
horiZontal shafts that do not use shrouds or other devices that 
surround the rotors. These patents include U.S. Pat. No. 
4,023,041 issued to Chappell, U.S. Pat. No. 4,137,005 
issued to Comstock and Us. Pat. No. 5,440,176 issued to 
Haining. Then there are more U.S. patents that use turbines 
mounted on horiZontal shafts in Which the rotors are 
enclosed in shrouds, ?arings, holloW tubes, Venturi-shaped 
tubes, or have funnel-shaped intakes for the purpose of 
increasing the Water velocity through the turbine. Examples 
ofthese include U.S. Pat. No. 3,980,894 issued to Vary, U.S. 
Pat. No. 3,986,787 issued to Mouton, U.S. Pat. No. 4,095, 
918 issued to Mouton, U.S. Pat. No. 4,163,904 issued to 
Skendrovic, U.S. Pat. No. 4,205,943 issued to Vauthier, U.S. 
Pat. No. 4,306,137 issued to Wracsaricht, U.S. Pat. No. 
4,335,319 issued to Mattersheimer, U.S. Pat. No. 4,520,273 
issued to RoWe, U.S. Pat. No. 6,064,123 issued to Gislason. 
Counter-rotating impellers are used in Us. Pat. No. 4,203, 
702 issued to Williamson. The blades on these devices 
overlap and there are V- shaped diverters located ahead of the 
turbines force the ?uid to the outside of the turbines. 

[0021] All the inventions mentioned above are devices 
that are mounted on underWater structures or are suspended 
from barges, pontoons, or platforms on pylons at the surface. 
The problem With mounting the generating devices on 
platforms is that the strongest currents are located near the 
surface Where the depths are usually greater than 1,200 feet 
and mounting the generating devices high above the ocean 
?oor on giant structures Would be extremely costly. Because 
the turbines Would be producing their drag forces far from 
the ocean ?oor, they Would produce huge tipping moments 
that Would equal the horiZontal drag of the structure, mul 
tiplied by height of those drag forces above the ocean ?oor. 
If the structures had shorter toWers, the submersible poWer 
plants Would be much more di?icult to install and service 
and the turbines Would be beneath the stronger current ?oW. 
The problem With suspending the turbines from barges or 
pontoons is that they Would interfere With ship tra?ic, be 
vulnerable to violent storms, and be unsightly. 

[0022] Among the patented inventions to generate elec 
tricity from ocean currents, there are tethered devices that 
rely on hydrofoils and/or ballast tanks to provide lifting 
forces to keep the devices at the desired depths. U.S. Pat. No. 
6,091,161 issued to Delhsen uses variable-pitch rotor blades 
to limit the drag force. Although this patent may have things 
in common With the presently disclosed invention in that 
they are both tethered and have counter-rotating, rear-facing 
turbines, the inventions are very different. The Delhsen’s 
submersible underWater generating device Would have little 
or no stability because, With the buoyancy tank betWeen the 
heavy elements and not above them, its center of buoyancy 
is not above the center of gravity. 






























