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Figure 1 
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METHOD OF OPERATION OF A 
HIGH-EFFICIENCY TURBINE WITH 
VARIABLE ATTACK ANGLE FOILS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This patent application is a continuation-in-part of 
Us. patent application Ser. No. 11/854,311, ?led Sep. 12, 
2007, and claims priority from both U.S. patent application 
Ser. No. 11/854,311 and Us. Provisional Patent Application 
No. 60/886,025, ?led Jan. 22, 2007, both ofWhich are incor 
porated by reference for all purposes. 

BACKGROUND OF THE INVENTION 

[0002] The invention is related to the ?eld of turbine design, 
and especially, to a turbine having foils Whose attack angles 
are varied by computer control for increased e?iciency. 
[0003] Wind and Water are energy sources Which are 
Widely available, reneWable and clean, and the bene?ts of 
harnessing Wind and Water poWer are manifest. In compari 
son With the generation of electricity by burning Wood, coal, 
or oil, the increased utiliZation of Wind and Water poWer 
improves the environment by reducing the emissions of car 
bon dioxide and other undesirable pollutants Which adversely 
affect air quality and lead to acid rain, the greenhouse effect, 
and global Warming. 
[0004] Turbines have long been used to harness these 
energy sources to generate poWer in the form of electricity or 
mechanical energy. NeW turbine designs should therefore be 
more e?icient to provide greater amounts of electricity for a 
given amount of ?uid ?oW through the turbine. With more 
e?icient turbine designs, the cost of energy generation from 
Wind and Water sources decreases. Electricity especially 
becomes less expensive to generate and more available. Of 
course, it is desirable that such turbines should be also rela 
tively easy to design, manufacture, install, and maintain. 
[0005] Wind and Water provide sloW ?uid ?oWs and While 
the total energy in these ?oWs is large, the “energy density” of 
a sloW ?oW is small. As a result, a mechanical system should 
be large to e?iciently generate poWer from these ?uid ?oWs. 
In addition, since the direction of Winds and ocean currents 
can change relatively quickly, a poWer generation system 
should be able to respond to these changes rapidly and e?i 
ciently. But the requirements of a large structure and the 
requirements of a mechanical system Which can turn or move 
quickly in response to directional changes are incompatible 
and may be di?icult to achieve. 
[0006] One turbine design is found in Us. patent applica 
tion Ser. No. 11/854,311, ?led Sep. 12, 2007 by the present 
inventor, and entitled, “HIGH EFFICIENCY TURBINE 
WITH VARIABLE ATTACK ANGLE FOILS,” for improve 
ments in the generation of poWer from ?uid energy sources 
Which move sloWly, i.e., Wind and Water sources. The present 
invention is directed to the operations of the described turbine 
design. 

BRIEF SUMMARY OF THE INVENTION 

[0007] The present invention in one embodiment provides 
for a method of operating a turbine to generate energy from a 
?uid ?oW. The turbine has a plurality of foils rotating about a 
central axis at a rotational velocity, each of the foils having a 
length and a foil axis parallel to the length and the central axis 
With each of the foils rotatable about its foil axis. The method 
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has the steps of determining a velocity of the ?uid ?oW, and 
angular location of each foil and the rotational velocity about 
the central axis; and sequentially controlling an attack angle 
of each foil With respect to the direction of ?uid ?oW about the 
foil axis responsive to the velocity of the ?uid ?oW, the angu 
lar location of the foil and the rotational velocity as the foil 
rotates about the central axis. 

[0008] The present invention in another embodiment pro 
vides for a method of operating a turbine to generate energy 
from a ?uid ?oW. The turbine has a plurality of foils rotating 
about a central axis at a rotational velocity, each of the foils 
having a length and a foil axis parallel to the length and the 
central axis With each of the foils rotatable about its foil axis. 
The method has the steps of determining a velocity of the ?uid 
?oW, and angular location of each foil and the rotational 
velocity about the central axis; and controlling an attack angle 
of each foil With respect to the direction of ?uid ?oW about the 
foil axis responsive to the velocity of the ?uid ?oW, the angu 
lar location of the foil and the rotational velocity as the foil 
rotates about the central axis to maximiZe a torque by the foil 
about the central axis in the direction of the rotational veloc 
ity. 
[0009] The present invention in another embodiment pro 
vides for a computer for controlling the operations of a tur 
bine to generate energy from a ?uid ?oW. The turbine has a 
plurality of foils rotating about a central axis at a rotational 
velocity, each of the foils having a length and a foil axis 
parallel to the length and the central axis, With each of the foils 
rotatable about its foil axis. The computer comprises an input 
pathWay receiving input signals indicative of a velocity of the 
?uid ?oW, and angular location of each foil and the rotational 
velocity about the central axis; and an output pathWay send 
ing output signals to set an attack angle of each foil With 
respect to the direction of ?uid ?oW about the foil axis; and at 
least one processor generating said output signals responsive 
to the velocity of the ?uid ?oW, the angular location of the foil 
and the rotational velocity as the foil rotates about the central 
axis from the input signals. The output signals set the attack 
angle of each foil to maximiZe a torque by the foil about the 
central axis in the direction of the rotational velocity. 

[0010] The present invention in still another embodiment 
provides for a computer program for controlling the opera 
tions of a turbine to generate energy from a ?uid ?oW. The 
turbine has a plurality of foils rotating about a central axis at 
a rotational velocity, each of the foils having a length and a 
foil axis parallel to the length and the central axis, With each 
of the foils rotatable about its foil axis and controlled by a 
computer including at least one processor and memory stor 
ing the computer program. The computer program comprises 
code instructing the at least one processor to accept input 
signals indicative of a velocity of the ?uid ?oW, and angular 
location of each foil and the rotational velocity about the 
central axis; code instructing the at least one processor to 
process the input signals to determine an attack angle of each 
foil With respect to the direction of ?uid ?oW about the foil 
axis from the velocity of the ?uid ?oW, the angular location of 
the foil and the rotational velocity as the foil rotates about the 
central axis; and code instructing the at least one processor to 
send output signals to set the determined attack angle of each 
foil With respect to the direction of ?uid ?oW about the foil 
axis. Furthermore, the process and determine code instructs 
the at least one processor to determine an attack angle of each 
foil maximiZing a torque by the foil about the central axis in 
the direction of the rotational velocity. 


















