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ABSTRACT 

(51) 

(52) 
(57) 
A How enhancement improvement for an underwater turbine 
generator (10) is disclosed Wherein a longitudinal hole (240) 
is disposed in the central area (26), typically a hub (20) of the 
generator (10), and a second, augmentor duct (41), preferably 
rigid, is disposed about the outer duct (40) or housing of the 
unit to create a slot (200) area. The slot (200) and holloW hub 
(20) create areas of smooth, laminar ?uid How. The leading 
edges of the hub (20) or central ring and the augmentor (41) 
and outer ducts (40) are elliptical to enhance the ?uid dynam 
ics of the structure. 
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FLOW ENHANCEMENT FOR UNDERWATER 
TURBINE GENERATOR 

1. RELATED APPLICATIONS 

[0001] The present application is a continuation of previ 
ously ?led US. patent application Ser. No. 11/663,001, 
Which has a ?ling date of Aug. 27, 2007 and is an United 
States national phase entry of previously ?led PCT Interna 
tional Patent Application No. PCT/CA2005/00267, Which 
Was ?led on Feb. 24, 2005 and claims priority to previously 
?led Canadian Patent Application No. 2,481,820, Which Was 
?led on Sep. 17, 2004. The contents of the above-named 
previously ?led patent applications U.S. Ser. No. 11/663,001; 
PCT/CA2005/00276; and CA 2,481,820; are herein incorpo 
rated by reference into the present application in their entirety 
as though they formed part of the speci?cation as originally 
?led. 

2. TECHNICAL FIELD 

[0002] The present invention relates generally to underWa 
ter ducted turbines for hydrokinetic electrical poWer genera 
tion. More speci?cally, underWater ducted turbines compris 
ing a dual augmentor duct structure and a longitudinal hole 
through the hub of the turbine Which enhances Water ?oW are 
disclosed. 

3. BACKGROUND OF THE INVENTION 

[0003] Bi-directional, rim generating, ducted underwater 
turbines for generating electrical poWer are knoWn, such as 
the applicant’s previously ?led PCT application PCT/CA02/ 
01413 to Davis et al. There is a desire to improve the ?oW 
characteristics, and therefore, the e?iciency of such designs. 
Fixed augmentors are knoWn to increase ?oW through the 
turbine. 
[0004] US. Pat. No. 4,219,303 to Mouton et al. disclosed a 
rigid inner primary noZZle Within a ?exible outer noZZle 
Which slightly overlaps the primary noZZle, creating a space 
betWeen the noZZles for uni-directional ?oW. 
[0005] US. Pat. No. 6,406,251B1 to Vauthier disclosed a 
system of pivoting ?aps on the exterior surface of a hydrotur 
bine accepting bi-directional ?oW. HoWever, this system is 
mechanically complicated. 
[0006] The theoretical advantage of a slot in the duct of a 
conventional, uni-directional ?oW turbine With a single duct 
Was discussed in Kirke, B., Developments in Ducted Water 
Current Turbines, School of Engineering, Gri?iths Univer 
sity. 
[0007] It is also knoWn to have a central space through a 
hydroturbine generator. US. Pat. No. 2,509,442 to Matheisel 
disclosed a ducted propeller turbine With no hub or root 
section to the blade Which is prone to excessive de?ection, 
vibration and high cycle fatigue, particularly as Without an 
inner support ring the blades are cantilevered toWards the 
centre of the unit from the housing. 
[0008] US. Pat. RE38,336E (Reissue of US. Pat. No. 
5,592,816) to Williams disclosed a hydroelectric turbine With 
a central open area of unrestricted ?oW surrounded by the 
blades Which proposed reducing doWn current turbulence. 
US. Pat. No. 6,648,589B2, also to Williams, disclosed a 
hydroelectric turbine With a central open area of unrestricted 
?oW surrounded by the blades to aid in increasing the velocity 
of the Water ?oWing through the single blade and to eliminate 
the turbulence that occurs behind the hub in traditional hub 
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generator hydroelectric turbines. The Williams patents 
employ complicated hydraulic and mechanically driven gen 
erators With a uni-directional turbine blade con?guration 
Without ducting nor hydrodynamic structures to direct Water 
?oW in an e?icient manner. The Williams patents do not 
incorporate a set of bearings at the hub to improve the struc 
tural integrity of the unit and reduce blade de?ection. 
[0009] The present invention satis?es the need for a struc 
turally and mechanically simple and inexpensive to manufac 
ture ?oW enhancement design Which increases Water ?oW, 
provides a bypass for sea life and debris thereby reducing the 
environmental impact of the unit, reduces vibration and 
hydrodynamic drag and increases the operating e?iciency of 
underWater ducted turbines. 

3. SUMMARY OF THE INVENTION 

[0010] A ?oW enhancement structure in a hydro turbine 
generator apparatus for generating electrical poWer from 
Water ?oW is provided according to one embodiment of the 
present invention, the apparatus comprising a hub substan 
tially parallel to a Water ?oW, at least one rotor disk, an outer 
duct disposed about the rotor disk and at least one generator 
and characterized by a second, bidirectional augmentor duct 
disposed about the outer duct; and a longitudinal hole through 
the hub. The ?oW enhancement structure may include a plu 
rality of struts projecting from the hub, thereby reinforcing 
the turbine against vibration caused by Water ?oW through the 
hole. The at least one rotor disk may include at least one blade 
having a blade area, the ratio of the area of the longitudinal 
hole to the blade area being betWeen 1:1 and 1:15. The hub 
may include tWo ends and an outer surface, the ends having a 
diameter equal to or lesser than the diameter of the hub at any 
other point, thereby creating a hydrodynamic shape and 
improving the e?iciency of the apparatus. The apparatus may 
be bi-directional. The plurality of struts may be operable as 
guide vanes along their length Within the annular area 
betWeen the hub and the outer duct. The plurality of struts 
may be curved along their length Within the annular area 
betWeen the hub and the outer duct. The plurality of struts 
may be dimensioned for smooth annular ?oW Within the slot 
area. 

[0011] A hydro turbine generator apparatus for generating 
electrical poWer from Water ?oW is provided according to 
another embodiment of the present invention. The hydro tur 
bine generator apparatus comprises at least one rotor disk, 
and at least one generator, characterized by a bi-directional 
augmentor duct disposed about said at least one rotor disk; 
and a longitudinal hole through the center of said at least one 
rotor disk. 
[0012] A ?oW enhancement structure in a hydro turbine 
having a hub and at least one blade projecting from a longi 
tudinal axis therethrough is provided according to yet a fur 
ther embodiment, the hub comprising a longitudinal hole 
substantially along the longitudinal axis and de?ned by an 
interior surface of the hub, the hub also comprising tWo ends 
and an outer surface, the ends having a diameter equal to or 
lesser than the diameter of the hub at any other point, thereby 
creating a hydrodynamic shape and improving the e?iciency 
of the turbine, Whereby a ?oW enhancement structure further 
comprises a plurality of struts projecting radially from the 
hub to a housing disposed about the turbine, thereby reinforc 
ing the turbine against vibration caused by Water ?oW through 
the hole. The ratio of the area of the longitudinal hole to a 
blade area of the at least one blade may be betWeen 1:1 and 
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1 :15. The turbine may be bi-directional. The plurality of struts 
may be operable as guide vanes betWeen the hub and the outer 
duct. The plurality of struts may be curved betWeen the hub 
and the outer duct. 

4. BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] The apparatus and method of the present invention 
Will noW be described With reference to the accompanying 
drawing ?gures, in Which: 
[0014] FIG. 1 is an isometric vieW of the dual augmentor 
duct underWater turbine generator With slot and holloW hub 
?oW enhancement structures according to the invention. 
[0015] FIG. 2 is a front elevation vieW of the dual duct 
underWater turbine generator With slot and holloW hub ?oW 
enhancement structures according to the invention. 
[0016] FIG. 3 is a cut-aWay perspective vieW of the dual 
augmentor duct underwater turbine generator With slot and 
holloW hub ?oW enhancement structures according to the 
invention. 
[0017] FIG. 4 is a side elevation sectional vieW of the hub 
and outer and augmentor ducts de?ning the slot and hole and 
shoWing ?oW streamlines according to the invention. 
[0018] FIG. 5 is a side elevation detail vieW of the leading 
edges of the holloW hub and outer augmentor ducts. 
[0019] FIG. 6 is a side elevation sectional vieW of a dual 
augmentor duct open slot variation of the invention. 
[0020] FIG. 7 is a side elevation sectional vieW of a cylin 
drical dual augmentor duct slot variation of the invention. 

5. DETAILED DESCRIPTION OF THE 
INVENTION 

[0021] Referring to FIG. 1, an isometric vieW of the dual 
augmentor duct underWater turbine generator 10 With slot 
200 and holloW hub 240 How enhancement structures of the 
preferred embodiment is shoWn. In the preferred embodi 
ment, the underWater ducted turbine 10 is of the type dis 
closed in the applicants’ earlier invention the subject of pre 
viously ?led application PCT/CA02/01413 to Davis et al., 
With the present improvement being directed toWards a hol 
loW hub 20 design and second, augmentor duct 41 disposed 
about the outer duct 40 With an optional slot 200 betWeen the 
tWo ducts 43, Which together enhance Water How 100 and 
increase e?iciency of the turbine generator 10. The dual aug 
mentor duct structure 43 is a fore and aft symmetric structure, 
namely it is symmetrical about a central vertical plane Which 
transects the turbine generator 10 laterally. The dual duct 
structure 43 is disposed about the turbine rotor 50 and all 
generator components Which are housed in the outer duct 40. 
The augmentor duct 41 has symmetrical inlet portions 45 and 
46 creating a highly e?icient duct for bi-directional How. The 
central hole 240 may also be employed in units 10 Without a 
hub, for instance With cantilevered blades disposed radially 
toWards a central portion of the turbine generator. The central 
hole 240 may also be employed in non-ducted turbine gen 
erators 10. 

[0022] The dual duct structure 43 is secured to the hub 20 
by a plurality of struts 24 Which also act as guide vanes Within 
the area of the annulus 51. The struts 24 are shaped merely as 
structural support struts in the area of optional slot 200 and 
not as curved guide vanes. In the preferred embodiment there 
are ?ve guide vanes 24 at each of the tWo ends of the turbine 
generator 10. The vanes 24 are preferably evenly spaced 
radially about the hub 20 axis. In a preferred embodiment, 
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tWo counter-rotating rotor disks 50 are rotatably attached to 
the hub 20 and a plurality of blades 30, optimally symmetric 
hydrofoil blades, extend radially from said hub 20 to a rotor 
rim 54 Which seats in a groove (not shoWn) in the interior 
surface of the outer duct 40 and is rotatable in a bearing race, 
or in a variation, a magnet bearing race. In other variations, 
single or multiple rotor disks 50 may be employed. The How 
enhancement slot 200 and hole 240 structures may be 
employed not only for tidal applications, but also for other 
turbine generation applications, as one skilled in the art can 
appreciate. 
[0023] In the preferred embodiment the dual augmentor 
duct 43 is a rigid structure manufactured from composite 
material. The dual augmentor duct 43 may be made from any 
composite material such as ?berglass, KevlarTM, carbon ?ber, 
?ber-reinforced concrete or any other combination knoWn in 
the art. Advantages of the rigid, symmetrical dual duct 43 
arrangement include simplicity of manufacture, installation 
and maintenance and loW capital cost. In a variation, a stain 
less steel rigid frame covered by a ?exible composite material 
is used. 

[0024] The interior Wall of the augmentor duct 41 diverges 
toWards the augmentor duct rim 62, thereby producing a 
venturi effect as the Water 100 ?oWs through the duct 20. Both 
ends of the dual augmentor duct 43 are effectively Water inlets 
as the turbine generator 10 is bidirectional. The central por 
tion of the augmentor duct 41, is cylindrical. In operation, 
Water How 100 converges as it passes the inlet rim 62 and 
folloWs the pro?le of the augmentor duct 41 and outer duct 40. 
The gap or slot 200 betWeen the outer duct 40 and augmentor 
ducts 41 is a smooth annular ?oW area. The blade tips 30 and 
rotor rim 54 (not shoWn here) are contained in annulus 51 and 
are not disposed in the slot 200. After the Water How 100 
passes the rotor disks 50, the outer duct 40 and augmentor 
duct 41 diverge again, to alloW for the smooth diffusion of the 
Water How 100 back to free stream conditions. The symmetry 
of the dual augmentor duct 43 achieves high hydraulic e?i 
ciencies in a bi-directional tidal environment. In a preferred 
embodiment, the duct entry 45 and exit 46 are axi-symmetric. 
Alternate con?gurations such as square, rectangular or any 
other arbitrary shape may be employed as dictated by the 
parameters of speci?c sites or applications such as tidal 
regime and local bathymetry. The optimal shape for each site 
is determined by performing a computational ?uid dynamic 
analysis of the site. A preferred embodiment, hoWever, is 
axi-symmetric. 
[0025] The optimal design is further characterized by an 
inlet area 45 (augmentor duct rim 62) equal to the exit area 46 
(opposite augmentor duct rim 62) and a throat area, turbine 
blade area, or annulus 51 (cylindrical section) that ranges 
from about nine-tenths (0.9) to one quarter (0.25), and pref 
erably betWeen about one half (0.5) to one quarter (0.25) of 
the exit area 46 depending on the site-speci?c tidal condi 
tions. The annulus 51 is the area betWeen the inner surface of 
the outer duct 40 and the outer surface of the hub 20 through 
Which the turbine blades 30 pass. In a preferred embodiment, 
for general applications, the ratio of the central throat or inner 
surface of the outer duct 40 central portion to the augmentor 
duct rim 62 diameter is 0.5. In variations the ratio may be 
betWeen about 0.1 and 0.9, and more particularly betWeen 
about 0.1 and 0.8. 

[0026] The leading and trailing edges or rims of both ducts 
43 (including outer duct 40 rim 64) optimally have a hydro 
dynamic pro?le With a cross section that is similar in shape to 



US 2011/0115228 A1 

an airplane Wing. This pro?le increases the ?oW 100 into the 
turbine annulus as Well as creates a smooth transition of the 
?oW 100 into the adjacent slot 200 and around the entire tidal 
turbine generator 10. 
[0027] In a preferred embodiment, an anti-fouling coating, 
such as Si-Coat 560TM, is applied to the ducts 43. In a varia 
tion, speci?c areas susceptible to the buildup of aquatic 
organisms are coated. The anti-foul coating has the additional 
bene?t of providing a high lubricity surface Which facilitates 
laminar ?oW, thereby improving the e?iciency of the turbine 
generator 10. 
[0028] Buoyancy material may be incorporated into the 
internal structure of the dual augmentor duct 43 and the 
generator housing 92 in order to increase the overall buoy 
ancy of the tidal turbine generator 10. Neutral buoyancy is a 
key optional characteristic of the unit as it may facilitate the 
process of unit removal and maintenance. In a preferred 
embodiment, the ducts 43 are comprised of a composite shell 
structure ?lled With poly vinyl chloride closed cell marine 
foam (not shoWn) in order to achieve neutral buoyancy for the 
entire tidal turbine generator 10. Other closed cell foams, as 
knoWn in the art, may also be employed. In addition to the 
buoyancy function, the closed cell foam acts as a noise sup 
pression device by attenuating the hydrodynamic and electri 
cal noise produced by the tidal generator 10, thus mitigating 
any possible acoustic impacts of the tidal turbine generator 10 
on cetaceans and other marine mammals. 

[0029] The second unique ?oW characteristic is a longitu 
dinal hole 240 through the hub 20. The inner surface of the 
hub 20 is optimally cylindrical. The outer surface of the hub 
is optimally elliptical, or barrel shaped, rising from the hub 
rim 27 to an apex in the ?at central portion of the hub 20. The 
inner surface of the hub 20 de?nes the longitudinal hole 240 
along the hub 20 axis. In other variations, the pro?les are 
varied as determined by a computational ?uid dynamic analy 
sis of the speci?c tidal site. 
[0030] Referring noW to FIG. 2, a front elevation vieW of 
the dual augmentor duct underWater turbine generator With 
slot 200 and holloW hub 240 ?oW enhancement structure is 
shoWn. The leading edge of the outer duct rim 64, hub rim 27, 
curved nature of the guide vanes 24 in the preferred embodi 
ment, folloWed by the blades 30 and surrounded by the outer 
duct 40 are shoWn. 

[0031] NoW referring to FIG. 3, a cut aWay perspective vieW 
of the slot 200 through the tidal turbine generator 10 is shoWn. 
The slot 200 is de?ned by an upper surface, Which is formed 
by the inner surface of the augmentor duct 41, and a loWer 
surface formed by the outer surface of the outer duct 40, 
Which encloses the generator housing 92. The augmentor duct 
41 is comprised of an inlet area 45, throat area 47 and exit area 
46, Which reverse With each ?oW 100 reversal. The loWer 
surface of the slot 200, in the preferred embodiment, is cylin 
drical With leading edge or outer duct rim 64 providing a 
smooth entry for the Water ?oW 100 into both the slot 200 and 
the turbine annulus or rotor disk area 51. The blades 30 are 
disposed in a rotor rim or ring 54. 

[0032] In variations, depending on the results from speci?c 
computational ?uid dynamics (“CPD”) analyses, the con 
tours of the slot surface 200 may be varied. The leading 34 and 
trailing 35 edges have a hydrodynamic pro?le With a cross 
section that is similar in shape to an airplane Wing. This edge 
pro?le increases the ?oW 100 into the annulus area 51 as Well 
as creates a smooth transition of the ?oW 100 into the central 
opening 240. 
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[0033] The central hole 240 is a region Where the conser 
vation of ?uid momentum is maintained. This feature both 
eliminates the region of separation that previously existed 
behind the hub 20, and in addition, draWs additional ?oW 100 
through the surrounding turbine rotor disk area 51. Elimina 
tion of the region of separation also reduces the vibratory 
loading on the structure 10 resulting in improved reliability 
and therefore reduced maintenance cost. 
[0034] This central hole 240 increases both the output 
torque, and therefore the overall e?iciency of the tidal turbine 
10. 

[0035] The central hole 240 concept also has a positive 
environmental bene?t in addition to its performance enhanc 
ing effects. This central region 240 provides a ?sh and marine 
mammal bypass in the event that this sea life enters the tidal 
turbine generator 10. The hole 240 through the centre is large 
enough to accommodate all types of ?sh, and the majority of 
other marine mammals (With the exclusion of large Whales). 
[0036] The area occupied by the central hole 240 is less 
than or equal to the area occupied by the turbine rotor disk 51. 
The exact ratio of these areas is determined by CFD analysis 
performed using site-speci?c parameters. The optimal hole 
240 to turbine rotor disk area 51 ratio is betWeen 1:15 and 1 :1, 
but in variations other ratios may be employed to some advan 
tage. 
[0037] The hub 20 that de?nes the central hole 240 is an 
integral structural member of the tidal turbine generator 10. 
The radial load or force on the turbine 10 is transferred from 
the hub 20 to the guide vanes or struts 24 and then through to 
the primary structural member, the outer duct 40. This pro 
duces a very stiff and robust structure. The hub 20 houses a 
series of bearings 58 that provide the principal radial align 
ment and thrust support for the turbine rotor 50. Water lubri 
cated, loW friction bearings 58 are mounted at the turbine 
rotor hub 20. A central journal bearing 58 (or bearings) pro 
vides radial support for the rotor 50 and tWo thrust bearings 58 
are located on either side of the rotor 50 to accommodate axial 
excursions resulting from the bi-directional hydrodynamic 
load on the turbine 10. An additional set of Water lubricated 
bearings 58 is also employed at the blade (rotor) rim 54 
location to counteract the axial thrust load of the rotor 50. This 
complete bearing arrangement 58 reduces the susceptibility 
of the turbine rotor 50 to racking. Optionally, a magnetic 
bearing system or any other bearing system that is Well knoWn 
in the art can be employed. 
[0038] In a preferred embodiment, the hub 20 consists of 
marine grade stainless steel. An alternate embodiment 
includes a hub 20 manufactured from a composite material 
such as ?berglass, KevlarTM, Carbon ?ber or any combination 
knoWn in the art. 
[0039] Referring noW to FIG. 4, a side elevation sectional 
vieW of the hub and outer and augmentor ducts de?ning the 
slot and hole and shoWing ?oW streamlines 102 is shoWn. The 
?oW streamlines 102 illustrate the ?oW enhancement features 
of this design. In variations, the geometry of the pro?le is 
varied in order to improve the ?oW characteristics for site 
speci?c installations. The slot 200 geometry is a function of 
the characteristics of the tidal stream at the speci?c site; 
hoWever, the slot area 200, or effective gap has a normal range 
of about 10%-50% and preferably about 10% to 25% of the 
turbine rotor area or annulus 51. FIG. 4 illustrates the de?ec 
tion of the ?oW streamlines 102 from the hole 240 and slot 200 
area into the annulus 51, thereby increasing the ?oW onto the 
rotor 50 and thereby increasing the poWer output. 
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[0040] The ?uid that enters the slot 200 maintains its 
momentum through the slot 200 and then imparts this 
momentum into the boundary layer of the diverging section of 
the dual augmentor duct 43. This injection of ?uid has the 
effect of both delaying the region of separation on the diver 
gent portion of the duct 43 as Well as draWing additional ?oW 
through the enclosed annulus 51 area. The net result of these 
effects is a signi?cant increase in performance in blade 30 
torque, and therefore an overall e?iciency improvement of the 
tidal turbine generator 10. 
[0041] NoW referring to FIG. 5, a side elevation detail vieW 
of the leading edges of the holloW hub and outer and augmen 
tor ducts is shoWn. The elliptical, ?uid dynamic shape of the 
hub 20 rim 27, outer duct 40 rim 64, and the augmentor duct 
41 rim 62, promote laminar ?oW and generator e?iciency. The 
slot 200 and hole 240 are also shoWn. 
[0042] NoW referring to FIG. 6, a side elevation sectional 
vieW of a dual duct With an open slot variation is shoWn. The 
slot 200 is discontinuous, and each augmentor duct rim 62 is 
supported by the struts 24. The Water ?oW 100 is also shoWn. 
[0043] NoW referring to FIG. 7, a side elevation sectional 
vieW of a dual cylindrical duct covered slot 200 variation of 
the invention is shoWn. The outer surface of the outer duct 40 
is cylindrical in this variation. 
[0044] In operation, the reduced vibrational loading on the 
tidal turbine generator 10, smoother laminar ?oW, increased 
Water ?oW 100 through the rotor disks 50 due to the slot 200 
and hole 240 features increase the output torque of the rotor 
disk 50 by above 50% in comparison to a similar turbine 
generator Without the above-described ?oW enhancement 
structure, depending on the unit 10 type and site parameters, 
Which in turn translates into an overall e?iciency improve 
ment of greater than 10%. 
[0045] As Will be apparent to those skilled in the art in light 
of the foregoing disclosure, many alterations and modi?ca 
tions are possible in the practice of this invention Without 
departing from the spirit or scope thereof. Accordingly, the 
scope of the invention is to be construed in accordance With 
the substance de?ned by the folloWing claims. 
What is claimed is: 
1. A hydro turbine generator apparatus for generating elec 

trical poWer from Water ?oW, said apparatus comprising at 
least one rotor disk, and at least one generator, characterized 
by: 

a) a bi-directional augmentor duct disposed about said at 
least one rotor disk; and 

b) a longitudinal hole through the center of said at least one 
rotor disk. 

2. The hydro turbine generator apparatus according to 
claim 1, Wherein said bi-directional augmentor duct com 
prises tWo substantially symmetrical inlets situated at oppos 
ing ends of said bi-directional augmentor duct. 

3. The hydro turbine generator apparatus according to 
claim 2, additionally comprising an outer duct disposed about 
said at least one rotor disk, and situated inside and substan 
tially concentric With said bi-directional augmentor duct. 

4. The hydro turbine generator apparatus according to 
claim 2, Wherein said at least one rotor disk comprises an 
outer rotor rim and one or more blades attached to said outer 
rotor rim at their tips and extending radially inWard from said 
outer rotor rim. 

5. The hydro turbine generator apparatus according to 
claim 4, Wherein each of said one or more blades additionally 
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comprise a root located distally from the outer rotor rim, and 
Wherein said one or more blade roots are attached to an inner 
rotor rim de?ning said longitudinal hole through the center of 
said rotor disk. 

6. The hydro turbine generator apparatus according to 
claim 5, Wherein said inner rotor rim de?nes a hub. 

7. The hydro turbine generator apparatus according to 
claim 2, Wherein said generator comprises a ?ooded genera 
tor ?ooded With ambient Water. 

8. The hydro turbine generator apparatus according to 
claim 4, Wherein said generator comprises a ?ooded rim 
generator ?ooded With ambient Water. 

9. The hydro turbine generator apparatus according to 
claim 6, Wherein said generator comprises a ?ooded hub 
generator ?ooded With ambient Water. 

10. The hydro turbine generator apparatus according to 
claim 4, Wherein said one or more blades are substantially 
symmetric in cross section. 

11. The hydro turbine generator apparatus according to 
claim 2, Wherein said bi-directional augmentor duct is sub 
stantially ?xed in axial position relative to said at least one 
rotor disk. 

12. The hydro turbine generator apparatus according to 
claim 3, additionally comprising one or more magnetic bear 
ings situated betWeen said at least one rotor disk and said 
outer duct. 

13. The hydro turbine generator apparatus according to 
claim 6, additionally comprising one or more magnetic bear 
ings situated betWeen said at least one rotor disk and said hub. 

14. The hydro turbine generator apparatus according to 
claim 6, Wherein said hub comprises tWo ends and an outer 
surface, said ends having a diameter equal to or lesser than the 
diameter of said hub at any other point, thereby creating a 
hydrodynamic shape and improving the e?iciency of said 
hydro turbine generator apparatus. 

15. The hydro turbine generator apparatus according to 
claim 6, additionally comprising a plurality of struts project 
ing from said hub. 

16. The hydro turbine generator apparatus according to 
claim 15, Wherein said plurality of struts project radially from 
said hub and are operable as guide vanes along a portion of 
their length situated betWeen said hub and said outer duct. 

17. The hydro turbine generator apparatus according to 
claim 16, Wherein said plurality of struts are curved along a 
portion of their length situated betWeen said hub and said 
outer duct. 

18. The hydro turbine generator apparatus according to 
claim 15, Wherein said plurality of struts are dimensioned for 
smooth annular ?oW along a portion of their length situated 
betWeen said outer duct and said bi-directional augmentor 
duct. 

19. The hydro turbine generator apparatus according to 
claim 2, Wherein said bi-directional augmentor duct com 
prises an interior Wall and Wherein said interior Wall con 
verges to a central diameter located betWeen said inlets Which 
is smaller than an inlet diameter located proximate to said 
inlets. 

20. The hydro turbine generator apparatus according to 
claim 2, comprising at least tWo rotor disks, Wherein a ?rst 
rotor disk rotates in a ?rst direction in response to said Water 
?oW and a second rotor disk rotates in a second direction 
opposite to said ?rst direction. 

* * * * * 


