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ABSTRACT

We know that there is enough wind globally tassat
much, or even most, of humanity's energy requirdgsernf
it could be harvested effectively and on a largeug
scale. Vertical axis wind turbines (VAWTS), whiotay be
as efficient as current horizontal axis systemsighibe
practical , simpler and significantly cheaper tdldwand
maintain than horizontal axis wind turbines (HAWTS)
They also have other inherent advantages, suchegsare
always facing the wind, which might make them a
significant player in our quest for cheaper, cleane
renewable sources of electricity. VAWTs might eves
critical in mitigating grid interconnect stabilityand
reliability issues currently facing electricity mhacers and
suppliers. Additionally, cheap VAWT’s may provide a
alternative to the rain forest destruction for grewing of
bio-fuel crops. This paper describes some resefinttings
of a particular original VAWT design and arguesg fo
increased research and development of this tecgpolo
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Electricity from wind currently supplies less th&ri8%

[1] of US and barely 0.9% [2] of world electricity
consumption. While it is the fastest growing eresgurce

at an annual rate of some 25% [3] , it will by 203D still
account for only a tiny portion of US and world ahecity
requirements (less than 3% [5] and less than 4} [6
respectively). If wind is to become a significgntarger
contributor to the production of global electricitthen
clearly something different is needed. Perhapst tha
something is the vertical axis wind turbine. The
convergence of rapidly rising costs, dwindling and
threatened supply, exploding demand, and growimgem

of global climate change is fueling renewed effaadind
viable energy alternatives.
alternatives such as large scale use of bio-fuelg not be
achievable or sustainable—or, ultimately, practic@lther
exotic possibilities such as geothermal energy rbay
viable but are local and limited. Solar cell teclogy is
still miniscule, expensive and inefficient. Itetefore
seems that we are stuck with oil, coal, natural @dsle
they last), and wind.

The wind as a fuel for producing electricity is
inexhaustible, free and always available somewkend-
there is enough of it. Research shows that "tta¢ sonount
of electricity that could potentially be generafeaim wind
in the United States has been estimated at 10,#lignb
kWh annually—three times the electricity generatedhe
U.S. today" [7]. Why then are we not harvestings th

Some of the proposed

embarrassment of riches? The answer is, in gaat, the
modern wind turbine is something produced by hitec
companies in advanced countries using advanced
technologies and as a result are expensive andfotlte
reach of most poor populations who might have muict
but little money. What is needed is paradigm shif¢ind
turbines need to be viewed as being locally prduaci
devices, made from local materials, and using le&ils.
This shift could lead to new levels of local energy
independence and self-sufficiency for a greatetigorof
the world's people—in highly developed and lesstiped
countries alike.

While conventional horizontal axis wind turbineanc
also be built locally, the skills and materials de@ are
advanced and sophisticated. Clearly the world i$ no
covered with such windmills at this time. Yet, nailis of
small windmills in towns, villages and cities asothe
planet may be just what we need. The vertical faxisine
may very well be the means to get this done. Valrtixis
wind turbines are inherently simple. The simplest
implementations can be made from the split halvies o
drum fitted with a small cheap generator. TheseoSias
Rotors, as they are called, are very good for pongpiater
and grinding grain, two things that much of the hastill
does by hand and they can be effective producers of
electricity.

Vertical axis wind turbines (VAWTSs) come in two
varieties (Fig.1).
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Figure 1: Savonius Rotor (left) Darrieus Rotor (right)

Vertical axis wind turbines (VAWTS) in addition to
being simpler and cheaper to build have the folhgwi
advantages:

e They are always facing the wind - no need for
steering into the wind.

« Have greater surface area for energy capture -
can be many times greater.

* Are more efficient in gusty winds - already
facing the gust

e Can be installed in more locations - on roofs,
along highways, in parking lots.

« Do not kill birds and wild - life - slow moving
and highly visible.



e Can be scaled more easily - from milliwatts to
megawatts.

« Can be significantly less expensive to build - are
inherently simpler .

e Can have Ilow maintenance downtime -
mechanisms at or near ground level

* Produce less noise - low speed means less noise

» Are more esthetically pleasing - to some.

These inherent advantages make VAWTs a growing
There are nad/ a
innovative vertical axis wind turbine designs being

field of research and development.

explored with renewed interest and funding. They all
steps in the right direction, but they are not gabugh.
There is a clear need for new thinking and newsdeahe
field.

The power contained in a wind stream is given by:

P=12DAS3 1)

P = power, D = air density, A = rotor area, S =dvipeed

This leads to the two basic laws of wind energy

conversion: 1) The power available from the winadies as
the cube of the wind speed; 2) The capacity ofttinbine
increases with the square of the surface area {savep) of
the turbine

These laws have led us to think that the only way

approach wind energy conversion into electricityoiduild

the largest turbines possible and place them irhtgbest
wind speed locations. This is not the whole truthhe

equation can be read as saying that power is piopal to

the volume of air times its density times rotorface area
per unit of time:

P = V*D*AT @)

P = power, D = density, V = volume, A = swept ar€a;
time

This implies that optimization is accomplished by

processing the largest volume of air per unit ofetiover
the largest rotor surface area. This is whereicadraxis
wind turbines may shine.

For a conventional HAWT the volume of air intefagt
with the turbine per unit of time is a thin disEach 'slice’
of air in this disk contacts the turbine blade matadly
and only once. In the case of a VAWT with the sanvept
area, that disk becomes a tall cylinder whose héagthe
height of the rotor. This means that for a givetor swept
area the volume of air contact with the rotor stefaan be
dramatically larger. In the cylinder of rotatiorf the
VAWT, however, the time of interaction between aird
rotor stretches through the length of its diamesed the
angle of interaction varies continuously through tycle,
i.e. there is more and longer contact, more oppdytifor
energy extraction.

In the HAWT disk of interaction the volume of
interaction per slice of time is small.

\

I

@ 199E wrowe e WINDPOVER. Or g

Figure 2: HAWT disk of interaction

The VAWT's cylinder of interaction, and the voluroé
interaction per time slice is much larger.
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VAWT circle of rotation

Volume of rotation
in time slices

Time slices of turbine/air
interaction

Single time slice of
interaction

Figure 3: VAWT area and volumes of interaction

Even if VAWTs were not ultimately more efficietiite
HAWTSs (horizontal turbines)--the wind is, after,ditee -
they would still merit our interest . What mattassthat
there are not now enough windmills of all types aimks
available to reap the energy harvest of the winthe
argument being made here is that effective, uséfAWTs
can be built by more people, in more places usingenat-
hand materials than the conventional horizontals axi
variety. Let us build them. As Carl Sagan mighy,s
"millions and millions" of them. The window of
opportunity to defend against global climate chafajehe
undesirable kind) is estimated by world scient@tsome



10 years [8]. This is a very small window anduiees
that we take maximum action now. Today 49% of the
capacity for generating electricity in the Unitetht8s is
fueled by coal [9]. Even if global climate changere not
a fact and a threat, ubiquitous windmills wouldl &t an
urgent need. The burning of fossil fuels is cornteating
the air breathe and the foods we consume [10]du&ens
in the production of sulfur-oxides, nitrogen-oxidesnd
naturally occurring radioactive materials such asnium
and thorium will be additional benefits of more win
energy conversion [11].

Nationwide, as many as 30,000 deaths a year are
related to power plant emissions, according to a
study by ABT Associates, a private research
organization that does work for the
EPA.(Washington Post 3/6/02)

In summary, Vertical Axis Wind Turbines may be yer
beneficial in the quest for clean renewable endrggause
of:

Cost: Large arrays of VAWTs can be build on
much less land, with much less cost, often using
locally available materials and skills. This is
increasingly important as an alternative to the
cutting down of precious and irreplaceable rain
forest to grow crops for ethanol production.

Reliability: It may be possible to install vertical
axis turbines into existing conventional wind-farms
where grid interconnect bandwidth is available and
underutilized. This can capture more of the lower
grade winds lost to the larger turbines and improve
productivity of the wind-farm as a whole.

Empowerment:  Vertical axis systems can be
more easily built or cheaply purchased, making
personal ownership or small community ownership
practical.

Independence: Even very resource poor places
may have good winds for energy conversion.
Groups of small turbines harvesting these winds
may provide local energy independence and,
perhaps, a ladder out of poverty for many.

Availability: Currently windmills are producing
only about 25% of the time. 75% of the time they
are doing nothing. This means that conventional
production must remain on-line to make up the
difference--greenhouse gasses and other pollutants
not significantly reduced at these production Isvel

The advent of powerful software for design, analys
and simulation allows for many types of new ideashe
tested virtually. It is hoped that this paper nislp to

motivate some new thinking and the exploration efvn
ideas. High school students as well as undergradl a
graduate engineering students should be aware ®f th
challenges and opportunities open to them. Letreard of

a world powered by millions of large and small wimitls--
many vertically oriented, many of designs not vyet
conceived--thousands of clean, green power statalhs
over the world.

Our own work has consisted of the creation of 3&DC
models of various vertical axis wind turbine geomest
These models were then imported into a computdtiona
dynamics software package. In the CFD package a win
tunnel was simulated using a computational mesh tha
moved with the flow-driven motion of the turbinehd
output of these runs were tables of produced &scand
rotational speeds over time segments at severallaiad
wind velocities. The output curves of the torquesational
speed and power output derived from the data && engh
wind velocity are shown below here (Fig. 4-Fig. 6).

The torque curve of a vertical axis model in ar@h
wind. In a steady wind the torque induced by tlirdvilow
falls of smoothly so that the systems reachesalgtstate.
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As a consequence of this 'smoothness' of the ¢orqu

generated the rotational speeds achieved also miva
steady state pattern as shown below. The rotat&pesdd
curve of the turbine in a 25 mph wind flow.

The rotational speed curve of the turbine in a 2 mvind

flow.

1000

800

600

400

200

-200

wind velocity .

s
/

/y = -3E-16x° + 2E-12x5 - 6E-09x* + 9E-06x° -
0.0079x2 + 3.9518x - 77.331
R?=10.9967

ﬁﬁﬁﬁﬁ
HHHHHHHHHHHHHHHHH

The above behaviors combine to produce a smooth

power output pattern which might help to allevigt
interconnect stability issues.

The power output of the turbine in a 25 mph wfiogv.
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Out of hundreds of such simulations a geometry

emerged that seemed to have the desired propartikthis
became the basis for the construction of physiocadlets.
These physical models were tested using househokifbr
a wind source. They behaved much in the manneiigieed
by the software simulations and
construction of both larger models as well as dctuaall
electricity producing systems. A mobile test-bed ladso
been constructed which allows for at-will testirfgpdarger
system when it is driven at steady speeds of utbtmiles
per hour. The next step in this ongoing researdhbeithe

have led to the

construction of a 50 kW system fully integratedoirthe
electrical grid for further analysis of output astdbility.

Conclusion

Our work and the results obtained so far are very
encouraging and reinforces the conviction thatic@iraxis
wind energy conversion systems are practical and
potentially very contributive to the productionaéan
renewable electricity from the wind even under kass
ideal siting conditions. It is hoped that they niey
constructed used high-strength, low- weight matefor
deployment in more developed nations and settinggth
very low tech local materials and local skillsléss
developed countries.
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