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(7) ABSTRACT

The invention describes an Atmospheric Vortex Engine in
which a tornado-like convective vortex is produced by
admitting air tangentially in the base of a cylindrical wall
(101). The vortex is started by heating the air within the
circular wall (101) with fuel. The heat required to sustain the
vortex once established can be the naturally occurring heat
content of ambient air or can be provided in a peripheral heat
exchanger mean (83) located outside the circular wall. The
heat source for the peripheral exchanger mean can be waste
industrial heat or warm sea water. The preferred heat
exchange mean is a crossflow wet cooling tower. The
mechanical energy is produced in a plurality of peripheral
turbines (61). A vortex engine could have a diameter of 400
m; the vortex could be 100 m in diameter at its base and
extend to a height of 1 to 15 km; the power output could be
in the 100 to 500 MW range. The vortex process could also
be used to produce precipitation, to cool the environment, or
to clean or elevate polluted surface air.
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ATMOSPHERIC VORTEX ENGINE
BACKGROUND OF THE INVENTION

FIELD OF INVENTION

[0001] The atmospheric vortex engines has applications in
several fields. The invention could produce a large quantity
of mechanical energy from solar energy, from naturally
occurring heat sources, or from waste heat. The invention
depends on differences of elevation and works on the
principle that work can be produced when heat is transported
upwards by convection. The vortex engine could enhance
the power output of thermal power plants by producing
mechanical energy in cooling towers and could also improve
the efficiency of the conventional part of the power plant by
reducing cooling water temperature. The vortex engine is a
major improvement on conventional waste heat disposal
systems, and its initial use could be to replace conventional
cooling towers with superior devices. The improvement in
the efficiency of the combined cycle is the result of reducing
the temperature of the cold sink from the temperature at the
bottom of the atmosphere, typically 30 C, to the average
temperature at which the troposphere radiates to space,
typically —20 C. In the meteorology field, the atmospheric
vortex engine could be used to enhance precipitation, to
reduce surface temperature, to reduce instability and sever-
ity of storm, to reduce pollution by washing or lifting surface
air, or to alleviate global warming by expediting upward heat
transport and by reducing fossil fuel consumption.
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SUMMARY OF THE INVENTION

[0011] The invention describes an Atmospheric Vortex
Engine in which a controlled convective vortex is produced
by admitting air tangentially in the base of a cylindrical wall.
Naturally occurring convective vortices include dust-devils,
tornadoes, water spouts, and hurricanes. The size of a
controlled vortex could range from a large dust-devil to a
small tornado. The vortex is started by heating the air within
the circular wall with fuel. The heat required to sustain the
vortex once established can be the naturally occurring heat
content of ambient air or can be provided in a peripheral heat
exchanger mean located outside the circular wall. The heat
source for the peripheral exchanger mean can be waste
industrial heat or warm sea water. The preferred heat
exchange mean is a crossflow wet cooling tower. The
mechanical energy is produced in a plurality of peripheral
turbines.

[0012] The cylindrical wall could be 50 to 500 m in
diameter and 50 to 150 m high. The diameter of the vortex
at its radius of maximum tangential velocity at ground level,
the eyewall diameter, could be a half to a quarter of the
diameter of the circle of deflectors. The vortex could extend
to a height of up to 15 km. The power output of a 300 m
diameter station could be in the 100. to 500 MW range.

[0013] An vortex cooling tower could increase the elec-
trical output of a thermal 500 MW thermal power plant from
500 to 700 MW by converting 20% of its 1000 MW of waste
heat to work and increase the power output of a power plant
by up to 40%. The power output could be larger when the
ambient has instability and smaller when the atmosphere is
stable. The chimney effect of the vortex would extend higher
than the chimney effect of a natural draft cooling tower even
when the atmosphere is stable.

[0014] Prior Art without Vortex

[0015] U.S. Pat. No. 4,275,309, Lucier 1981, describes a
solar energy system consisting of a chimney located in the
center of a transparent solar collector. A solar chimney
power plant similar to the one described in Lucier’s patent,
was built in Manzanares Spain in the 1980’s. The Manza-
nares plant had a chimney 200 m high by 10 m in diameter
located at the center of a solar collector 200 m in diameter;
the turbine was located in the base of the chimney. The plant
operated successfully for 7 years and had a power output of
50 kw, see Mullett (1987).

[0016] There are two major problems with the solar chim-
ney: the chimney has to be very high to achieve significant
heat to work conversion efficiency and a solar collector with
a transparent roof has to cover a large area. Sorensen realised
the height difficulty and proposed using an inflatable pres-
surized rising conduit suspended from a buoyant balloon,
U.S. Pat. No. 4,391,099.
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[0017] Prior Art with Vortex

[0018] Touat’s, international patent application PCT/
AU99/00037, replaced the physical chimney an unbounded
vortical chimney. In the Louat patent application, the air is
deflected tangentially as it enters the circular heat collector
with the transparent roof, and exits the collector as a vortex
via a central opening in which the turbine is located. The
Louat system eliminates the need for the physical chimney,
but the transparent collector is still required and the power
production is limited by the area of the collector. The Louat
system has several shortcomings and the embodiment
described by Louat may not be practical. There is no means
of preventing the vortex from wandering; the fragile trans-
parent roof is located next to the vortex where it could easily
be damaged; the turbine in the central opening could
adversely affect the formation of the vortex; establishing a
strong vortex without artificial heating may not be practical.

[0019] TLouat’s application states: “In a smoke stack, the
pressure, at the same height, of the air moving inside is
lower than that of still air outside by an amount that
increases steadily with the distance from the top of the stack.
Thus, the wall of the stack acts as a barrier, that is to say it
provides a force which acts to prevent the inward flow of air
.. .. Crucial to the operation of the engine is the fact that the
barrier to this inward flow need not be material but can be
provided through the centrifugal force associated with rota-
tion.” Michaud (1975) wrote: “The operation of a natural
draft chimney depends on the fact that a chimney is a
cylinder in radial compression which prevents convergence
in the horizontal plane in spite of the fact that at a given level
the pressure is less inside than outside . . . . The centrifugal
force produced by the rotation of a mass of air can prevent
horizontal convergence just as well as the solid wall of a
chimney”. The concept of replacing the physical chimney
with a vortex was described by Michaud prior to Louat’s
application. Michaud (1998) showed that, without a tube or
a vortex, lateral entrainment rapidly reduces the buoyancy of
rising air.

[0020] The vortex power station shown in FIG. 1 of
Michaud (1975) is closer to the present invention than the
Louat application. Louat and Michaud both realized the
possibility of replacing the physical chimney with a vortex,
but the mechanism described in Louats application was not
an improvement on system previously described by
Michaud in 1975.

[0021] The solar chimney, the unbounded vortical chim-
ney, and the vortex engine have the same thermodynamic
basis. This thermodynamic basis is essentially the same as
that of tornadoes, dust devils, waterspouts, hurricanes and
firewhirls. Upward heat convection is responsible for pro-
ducing circulation in numerous industrial processes includ-
ing: boilers, reboilers, natural draft chimneys, and natural
draft cooling towers.

[0022] Yen, U.S. Pat. No. 4,070,131, proposed a tornado-
type power system where the energy of the vortex is derived
from the kinetic energy of wind entering tangentially in the
side in a tall vertical circular tower. Yen’s patent is not
relevant because it is not based on thermodynamic conver-
sion of heat to work during upward heat convection.

[0023] Prior Art by the Inventor

[0024] Michaud (1975) realized that the heat content of
surface air can be sufficient to produce work when air is
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raised, and that this upward heat convection process is the
source of the energy of tornadoes. Michaud tried to interest
atmospheric scientists in the energy production possibility of
the tornado process in several peer reviewed articles pub-
lished mainly in meteorological journals.

[0025] Michaud (1975, 1999) proposed using heat from a
fire to start the vortex and using either tangential entry
deflectors or a rotating screen to give the converging air
circulation. Michaud (1998, 1999, 2000, and 2001) devel-
oped the thermodynamic basic of the process, pointed out
the huge energy production potential of the process, and
need for development work.

[0026] New Elements not Previously Disclosed

[0027] The purpose of this patent specification is to protect
specific embodiments not previously disclosed in order to
make developing the process financialy attractive. The con-
cept of using a convective vortex to replace a physical
chimney was placed in the public domain by the inventor,
this patent covers specific embodiments not yet in the public
domain.

[0028] New mechanism described in this patent and not
revealed in the prior disclosures include:

[0029] the use of a cylindrical wall significantly
higher than the tangential entries of its base,

[0030] the use of a heat exchange mean upstream of
the tangential deflectors,

[0031] the use of waste heat or warm seawater to heat
the air and enhance energy production,

[0032] the use of tangential entry deflectors preceded
by adjustable restrictors,

[0033]

[0034] the use of two levels of deflectors to permit
independent control of tangential velocity in the
bottom layer and the layer immediately above.

the use of peripheral turbines,

[0035] The use of combinations of fixed deflectors to
control the circulation of the converging air.

[0036] The concept of using a cylindrical wall 5 to 30
times higher than the deflectors located in the base of the
wall is a key feature of this patent. The wall acts as a short
chimney producing enough differential pressure to get the
vortex started. The wall prevents air from entering the vortex
without going through the deflectors and prevents the vortex
from drifting away as a result of horizontal wind. The wall
makes it possible to control of the vortex by adjusting the
angle of entry of the air with deflectors and the quantity of
air entering the station with adjustable restrictors. The vortex
intensity can be reduced by orienting the deflectors in the
radial direction and restricting the flow. The area of the
tangential entry openings is small relative to the area of the
cylinder. Tangential entries a few meters high could be
sufficient for a vortex engine with a circular wall 300 m in
diameter by 80 m high.

[0037] The concept of using a lower layer of air with little
rotation and an upper layer air with higher rotation is another
important novel feature. The rotation of the upper layer is
responsible for producing the centrifugal force which pre-
vents entry of ambient air into the vortex above the cylin-
drical wall; the relative absence of rotation in the bottom
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layer eliminates centritugal force in the bottom layer and lets
surface air converge into the base of the vortex without
being opposed by centrifugal force. As a result of the
absence of centrifugal force in the bottom layer, the pressure
at the turbine outlet approaches the pressure at the eyewall
of the vote The difference in pressure between ambient air
and the turbine outlet pressure is used to drive the turbines
and to produce the work. Movies of tornadoes occasionally
show a layer of dust hugging the ground and rushing into the
base of the vortex.

[0038] Firewhirls are common in large fires. Large fires
have occasionally started tornadoes: San Luis Obispo Calif.
tank farm fire, Hamburg bombing and others: Laboratory
firewhirls are produced using vertical cylindrical enclosures
with a few lone vertical tangential entry slots in their side,
Byram and Martin (1962). The inventor built a physical
model using a vertical cylinder 50 cm in diameter by 60 cm
high with fixed tangential entries 5 cm high at the tube base.
An intense vortex was produced by burning a small amount
of gasoline spread on the concrete base on which the model
was placed. A firewhirl generator with a ring of short
tangential entries at the bottom of the cylindrical wall is an
improvement over a firewhirl generator with long vertical
tangential entries.

[0039] The cylindrical wall concept separates the chimney
mean from the heat collection mean. The collector could be
a solar pond located at a distance from the vortex. The
energy produced as a result of increasing the effective height
of the chimney would be more than make up for the energy
required to pump brine up to the top of the cooling tower.

[0040] Replacing the physical tube with a vortex opens the
possibility of increasing the height of the chimney effect
from 200 m to 15000 m or more. The air rising in the vortex
behaves like a spinning top; friction would reduce the
rotation of a massive top very slowly. The spinning rising air
would lose little of its rotational inertia in the 30 minutes or
so required for the air to rise from the surface to its level of
neutral buoyancy. In addition, the kinetic energy of the
spiraling air is recovered at the top of the vortex as the vortex
diverges.

[0041] The heat content of the air at the bottom of the
atmosphere is often sufficient to sustain a vortex and can be
supplemented with waste heat from power plant or with
warm sea water. Wet cooling towers are the preferred heat
exchange mean; they widely used in power plants because
they are ideally suited for transferring waste heat from water
to air.

[0042] Thermodynamic Basis

[0043]
tion

a. Work Production During Upward Heat Convec-

[0044] The atmosphere is heated from the bottom and
cooled from the top because it is transparent to short wave
solar radiation and opaque to long wave radiation. Heat is
transported upward by convection and mechanical energy is
produced during the upward heat convection process
because the work produced by the expansion of heated air is
greater than the work required to compress the same air after
it has been cooled. The upward heat flux at the bottom of the
atmosphere averages 100 to 150 W/m>. The average tem-
perature at which the heat is received at the bottom of the
atmosphere is about 20 C.; the average temperature at which
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heat is given up by the atmosphere averages about -20 C.,
the average temperature at which the troposphere radiates to
space. The fraction of the heat carried upward which is
converted to work is determined by Camot efficiency (o)
which is equal to n=1-T_T,, where T, and T are the
temperatures of the hot and cold sources respectively, in
degrees Kelvin. The average heat to work conversion effi-
ciency for heat carried upward in the atmosphere is approxi-
mately 15%. The efficiency is essentially independent of
whether the heat is carried upward as sensible or latent heat.
In the absence of a mechanism to capture the mechanical
energy, the mechanical energy dissipates and reverts to heat.

[0045] b. Work Production when a Mass of Air is Raised

[0046] The work produced when a unit mass of air is
raised to its level of neutral buoyancy is known in meteo-
rology as Convection Available Potential Energy (CAPE). In
tropical oceanic areas CAPE is usually between 800 and
1800 J/kg. In continental areas CAPE can be as high as 4000
J/kg during periods of insolation; CAPE can be negative
during stable periods with low insolation.

[0047] CAPE is defined as the work produced when air
with the average properties of the bottom 500 m of the
atmosphere is raised to its level of neutral buoyancy. The
term convective energy (CE) will be used to describe the
work produced when any unit mass of air is raised to any
level to avoid conflicts with the rigid CAPE definition. The
CE of surface air is at a maximum when it is raised up to its
level of neutral buoyancy, which is usually near the top of
the troposphere. The maximum CE of surface air is usually
slightly higher than CAPE because the enthalpy of surface
air is usually higher than the average enthalpy of the bottom
500 m of the atmosphere. A CE of 1000 J/kg corresponds to
the energy which can be produced when a kilogram of water
is lowered 100 m; there is an abundance of air,at the bottom
of the atmosphere whose CE is 1000 J/kg or higher.

[0048] CE is often negative up to the level of free con-
vection, which is usually 500 to 1500 m high. Beyond the
level of free convection, CE increase gradually with height
reaching a maximum at the level of neutral buoyancy which
usually around 10 to 15 km. Surface air is frequently in a
metastable state wherein a small quantity of mechanical
energy is required to raise the air to the level of free
convection and wherein a much larger quantity of energy is
produced as the air rises from the level of free convection to
the level of neutral buoyancy. The process is analogous to a
syphon; a small quantity of energy must be provided to
release a much larger quantity of energy. Transmitting the
energy produced in the upper part of the lifting process
downward requires a leak tight tube. Adding heat to the air
at the bottom of the atmosphere increases its buoyancy and
reduces the level of free convection. For air which rises its
level of neutral buoyancy, the increase in the CE as a result
of heat addition is typically 15 to 30% of the added heat,
whether the heat is added as sensitive or latent heat.

[0049] CE is equal to the decrease in the enthalpy of air
raised isentropically minus the increase in the potential
energy of the same air.

CE=—Ah-Agz

[0050] which is a form of the well known total energy
equation, where —Ah is the change in the enthalpy of the
raised air, and where —Agz is the change inpotential energy
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of the raised air. The troposphere is the earth’s ultimate heat
sink; rejecting waste heat to the upper troposphere has the
potential of reducing the cold source temperature of a
thermal power plant from 30 C. to =20 C. and of increasing
the efficiency of:the power plant.

[0051] The cold source temperature depends on the height
to which the air is raised. The theoretical efficiency of the
solar chimney is, n=0.033 z, where n is the efficiency and z
is the height in kilometers, Mullett (1987). The theoretical
efficiency of the 200-m Manzanares solar chimney was
0.16%. The work produced in the Manzanares solar chimney
was 0.16% .of the heat received. The solar collector
increased the air ternperature by 20 C.; the heat received was
therefore 20000 J/kg. The work produced was 130 J/kg of
which 70 J/kg was extracted by the turbine. The power
output of 50 kw is simply the product of the work extracted
per unit mass by the flow: 50 kw=60 J/kgx833 kg/s,
Michaud (1999). Increasing the height of the chimney by a
factor of 50 would increase its efficiency from 0.1% to 5%;
increasing the diameter of chimney from 10 to 50 m would
increase the flow by 25 fold; the combined effect could
increase the power output by a factor of 1250 increasing the
power output from 50 kW to 62 MW.

[0052] Michaud (1999; 2000, and 2001) explained the
thermodynamic cycle of the atmosphere and described
methods for calculating the work produced per unit mass of
air raised; the theory is directly applicable to the vortex
engine. A more complete explanation of the energy conver-
sion process can be found in the cited articles.

DRAWING LIST

[0053] FIG. 1 Basic vortex engine consisting of a circular
wall with tangential entry slots at its base, plan view.

[0054] FIG. 2 Basic vortex engine consisting of a circular
wall with tangential entry slots at its base, elevation view.

[0055] FIG. 3 Preferred embodiment, vortex engine with
peripheral air heater consisting of crossflow cooling tower
with turbines in the cooling tower inlet, plan view.

[0056] FIG. 4 Preferred embodiment, vortex engine with
peripheral air heater consisting of crossflow cooling tower
with turbines in the cooling tower inlet, elevation view.

[0057] FIG. 5 Vortex engine without the heat exchange
mean, plan view.

[0058] FIG. 6 Vortex engine without the heat exchange
mean, elevation view.

DESCRIPTION OF DRAWINGS

[0059] FIGS. 1 and 2 show the basic Atmospheric Vortex
Engine consisting of a vertical cylindrical wall 101, with a
plurality of tangentially oriented entry slots at its base, the
slots are separated by a plurality of adjustable deflector
vanes 103. The complete vortex generator is called “the
station” while the volume within the cylindrical wall 102 is
called “the arena”. The direction at which the air enters into
the arena is depends on the orientation of the deflector vanes
103. The height of the deflectors is in the order of one
twentieth of the height of the circular wall. The convective
vortex is started by burning fuel inside the arena in a ring of
burners 183. The quantity of air entering the vortex is
controlled by adjustable restrictors vanes 107. The restric-
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tors and deflectors are shown oversize in FIG. 1 for clarity,
a real vortex station would have a larger number of smaller
restrictors and deflectors. The air 131 converging towards
the base of the station is deflected tangentially as it passes
between the deflector vanes 103, the airs tangential compo-
nent of velocity increases to conserve angular momentum as
the air converges towards the center of rotation; and the air
then rises in a vortex 137 near the center of the station.

[0060] The functional terms: “restrictors and deflectors”
will be used to avoid confusion with the terms: “vanes,
louvers and dampers”. Restrictors and deflectors can both be
made up of vanes. Restrictors, commonly called dampers,
have vanes that rotate in alternate direction to restrict flow
without affecting its direction. Deflectors vanes can be
adjustable or fixed; they can be straight or can have an air
foil shape. To produce tangential velocity about the vertical
axis, deflector vanes must be vertical and adjustable deflec-
tor vanes must be rotatable about the vertical axis. Adjust-
able vanes can be adjusted manually or remotely. Vanes can
be linked together so that one actuating arm can adjust many
vanes. The flow direction can be altered by either rotating
the whole deflector or just the tip of the deflector. Restrictor
vanes should be installed horizontally to prevent the restric-
tor from affecting tangential velocity. Remotely adjustable
deflectors are very costly, therefore fixed deflectors would be
used unless deflector adjustment is essential. Manually
adjustable deflectors are less costly than remotely adjustable
deflectors and would be used where appropriate.

[0061] Deflector can act as restrictor because changing
their orientation affects the angle of entry of the air in the
arena and also changes the size of the slot bet deflectors.
Restricting the flow by reducing the size of the slot between
deflectors would increase tangential velocity and would not
be as effective as using separate restrictors and deflectors.

[0062] FIGS. 3 and 4 shows the preferred embodiment of
the Atmospheric Vortex Engine complete with peripheral air
heater consisting of crossflow cooling tower 61, and with
turbines 21 in the air inlets to the cooling tower. The arena
2 is surrounded by a strong impermeable cylindrical wall 1.
The cylindrical wall is smooth on the inside and can have a
support structure on the outside. The station has a concrete
base 48; a concrete cooling tower basin 55, and a concrete
floor and can have a hump in the center of the station 85. The
circular wall is surrounded by a plurality of crossflow
cooling tower bays 61. The two sets of deflectors at the base
of the circular wall 3 and 5 serve as the air outlet for the
cooling tower and as tangential air entry into the arena. The
air supply to the lower set of deflectors 3 comes from the
cooling tower 61. The air supply to the upper set of deflector
can come from the cooling tower via restrictor 13 or can be
unheated ambient air entering via restrictor 15. The height of
deflectors 3 and 5 are exaggerated in FIG. 4 for clarity. In
an actual station, deflectors 3 and 5 could be 2 to 4 meters
high, while the height of the cooling tower bay 61 and of
circular wall 1 could be 30 m and 80 m respectively.

[0063] The cooling tower 61 serves as the heat sink for the
thermal power plant and as heat source for the atmospheric
vortex engine. The cooling tower 61 is similar to a conven-
tional crossflow cooling tower complete with cooled water
collection basin 55, inlet hot water distributor 53, inlet
louvers 63, mist eliminator 65, and inverted “vee” or high
efficiency fill 67. The cooled water would be pumped out of
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the basin via cooled water outlet 57 typically via a submers-
ible pump installed in a sump connected to basin 55. Warm
water is returned to the cooling tower water distributor pan
53 via hot water inlet pipe 51. The construction of the
cooling tower will be familiar to those familiar with the
cooling tower art; each cooling bay 61 is equivalent to half
of a conventional crossflow cooling tower. The cooling bays
differ from conventional crossflow cooling tower in that the
air outlet is via deflectors 3 and 5 instead of via an induced
draft fan located at the top of the cooling tower and in that
the air inlet is via turbine 21. Entry of air into the cooling
tower other than via turbine 21 is prevented by an air tight
enclosure 23 which is not needed in conventional cooling
towers. The cooling tower has to be air tight and strong
enough to withstand the compressive force because the
pressure in the cooling tower could be 5 to 15 kPa below
ambient pressure. The pressure reduction at the base of the
vortex is transferred to the cooling tower, the differential
pressure at the cooling tower inlet drives the turbines to
produce mechanical energy. The lateral walls between cool-
ing bays extend down in the cooling water basin 55 to form
a seal 49 and prevent air exchange between bays.

[0064] Turbine 21 can consist of a rotating blades with or
without adjustable inlet nozzles. During operation, the tur-
bines are the main restriction to the air flow. In turbines with
inlet nozzles, the flow through the turbine can be increased
by increasing either the number or the size of the inlet
nozzles In turbines without inlet nozzles the electrical load
on the turbine could be manipulated to control air flow.
People skilled in the turbine art would determine the most
appropriate turbine type and arrangement. In a turbine with
inlet nozzles, the differential pressure across the nozzle
accelerates the air giving it kinetic energy; the rotating
turbine blades located immediately downstream of the
nozzles capture the kinetic energy of the air coming out of
the nozzles. The turbine inlet nozzles thus act as both a
restriction in the air inlet to the turbine and as a restriction
in the air flow to the cooling tower and permit restricting the
flow so that the cooling tower can be operated at sub-
atmospheric pressure. Adjustable turbine bypass restrictor
25, located in parallel with turbine 61, permits operating the
cooling tower without using the turbine or can be used to
supplement the air flow in the cooling tower during startup
when the draft is too small to get sufficient flow via the
turbines.

[0065] The velocity of the air in the cooling tower must be
kept under approximately 3 m/s to prevent damaging the fill.
The cross-sectional areas of turbines 21 or outlet deflectors
3 and § are much smaller than the cross-sectional area of the
fill 67 to keep the velocity in the fill low. The purpose of
diffusers 23 is to reduce the velocity at the turbine outlet and
to distribute the air evenly to the fill. The diffuser 23 located
downstream of the cooling tower inlet could consist of solid
panels or of perforated screens. The velocity of the air at the
outlet of the turbine inlet nozzle could be 40 to 80 m/s. The
velocity of the air entering arena 2 at the outlet of lower
deflector 3 could be 10 to 30 m/s.

[0066] The cooling bays 61 are separated by radial pas-
sageways 41 which can be used to admit unheated ambient
inside the circular wall via deflectors 143, 145 and restrictors
144146. Restrictors 144 and 146 could be replaced with
turbines and used to produce energy in addition to the energy
produced by the turbines located in the cooling tower inlets.
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Some of passageways 41 may be used simply for gaining
access to the center of the station; access passageways
would require air locks consisting of double air tight doors.
The inter-bay passageways may not be essential and could
be eliminated or reduced in number. The cooling tower
could consist of one circular structure if inter-bay passage-
ways 41 are not provided. The air supply to the upper
deflectors 5 could come from the inter-bay passageway via
a circumferential duct with an appropriate inlet restrictor
instead of via restrictor 15 located above deflector 5. The
inlet to the upper deflectors 5 is shown at the top of the
cooling tower in FIG. 4 to illustrate the fact that the upper
deflector air does not have to go through the cooling tower.
Supplying the air to the upper deflectors from the radial
passageways would be more practical in an real station since
the heights of deflectors 3 and 5 are exagerated in FIG. 4 for
clarity.

[0067] The vortex would be started by temporarily heating
the air inside the circle of deflector with heater 83. There are
many possible heater arrangements and heat sources. The
heated air used to start the vortex should not be too warm
because entrainment of ambient air into the free vortex
above the cylindrical wall increases with horizontal tem-
perature differential. The preferred startup burner arrange-
ment would be a ring of many small propane burners
designed to aspirate lots of air and to produce a warm gas of
low temperature. The burners could be oriented close to
tangentially to assist vortex formation. Alternatively the hot
gas for starting the vortex could be produced in burners
located outside the station and brought to the starting heat
ring via an underground duct; in which case the starting gas
could be furnace flue gas or gas turbine exhaust. Using the
startup heater for 10 to 30 minutes should be sufficient to
establish the vortex.

[0068] The station has two levels of converging air cor-
responding to lower deflectors 3 and upper deflector §. The
two layers are separated by an annular roof 11 which could
be supported on thin columns. The two layers arrangement
permit giving the air in the bottom layer less tangential
velocity than the air in the layer above. The purpose of
giving the lower layer less tangential velocity that than the
upper layer is to reduce centrifugal force is to prevent
centrifugal force from opposing convergence in the lower
layer so that the pressure at lower deflector outlet
approaches the pressure at the base of the vortex. The
purpose of supplying ambient air to the upper deflector § via
restrictor 15 is to provide a source of air at higher pressure
than the air in the cooling tower to ensure that there is
sufficient flow through the upper deflector. The purpose of
restrictor 13 is to permit the use of warmed cooling tower air
when the pressure in the cooling tower is sufficient to
produce the required flow in upper deflector 5. One of the
two restrictors 13 and 15 supplying air to upper deflector 5
must be fully kept fully closed to prevent ambient air from
entering the cooling tower via the air supply to deflectors 5.

[0069] The hump in the center of the station 85 helps turn
the converging flow upward. Removing the circulation in the
bottom layer makes it possible for the air to converge right
up to the center of the vortex. The two layers system
increases the effective area of the updraft tube and the
quantity of energy which can be produced for a given
diameter vortex; upward flow can occur right up to the axis
of the vortex and not just in the eyewall annulus thereby
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increasing the area of the updraft. Radial friction flaps 81
could be used on the floor of the station or on the upper
surface of annular roof 11 to further reduce tangential
velocity next to these surfaces and enhance convergence.
Adjustable radial friction flaps could eliminate the need for
two levels of deflectors by reducing the tangential velocity
of the air near the floor of the station.

[0070] Having a sub-atmospheric pressure in the cooling
tower increases the heat transfer between the air and the
water because for the same temperature air can hold more
water vapor at lower pressure, Michaud (2001). The ratio of
the mass flow of air to the mass flow of water in a cooling
tower is typically 1:1. A vortex cooling tower should permit
increasing the air flow without increasing the cost of the
energy required to circulate air. The combination of higher
air flow and lower pressure should reduce the cooled water
temperature and result in an improvement in efficiency of the
conventional part of a thermal power plant beyond the
energy produced in cooling tower peripheral turbines 61.
The spraying of the air with warm water is the source of the
energy in hurricanes, in waterspouts, and in the wet cooling
tower vortex engine. Michaud (2001) showed that the maxi-
mum pressure reduction in hurricanes can be explained by
the air approaching equilibrium with the warm sea surface
temperature at the reduced eyewall pressure. Bringing air in
equilibrium with 30 C. sea water at reduced pressure is
sufficient to produce a central pressure reduction of 15 kPa.

[0071] Ambient air 31 enters the cooling tower via turbine
61 and heated air 33 leaves the cooling via lower deflector
3. A parallel stream of air 32 and 34 enters the arena via
restrictor 15 and upper deflector § without being heated. The
two streams are seperated by annular roof 11 as they enter
the arena. The combined streams turn upward as they
approach the center of the station and spiral upwards as they
rise 35 forming the vortex 37. The lower 3 and upper 5
deflectors are adjusted so that the lower layer has less
circulation than the upper layer.

[0072] The vortex engine would be provided with a state
of the art control system from which the position of restric-
tors and remotely adjustable deflectors and other control
valves could be manipulated. The system would have
sophisticated instrumentation to measure: pressure, differ-
ential pressure, temperature, humidity, air flow direction and
velocity. There could be observation post at the inner end of
a some of the interbay passageways and a radial observation
tunnel under the floor of the station.

[0073] The CAPE of surface air is often sufficient to
produce a vortex without heat addition. Under such condi-
tions, increasing the heat content of the rising air may not be
desirable and could make the vortex more difficult to con-
trol. FIGS. 5 and 6 show a vortex generator without the
continuous heat mean and illustrates other alternative fea-
tures. Cylindrical wall 201 curves inward like a short
hyperbolic cooling tower, using an inward curving wall has
the advantages of reducing entrainment of air from above
the wall into the base of the vortex and could be less costly
for large stations.

[0074] TLower air 233 enters the station via turbine 221,
which drives generator 222, and goes through a diffusing
screen 227 before being ducted to lower deflector 203.
Upper air enters via restrictor 215 goes through diffuser 229
and enters the arena via upper deflector 205. The vortex 237
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is started by burning fuel in fuel ring 283. Radial friction
flaps 287 near the central hump 285 reduce the tangential
velocity and encourage convergence in the center of the
vortex.

[0075] Alternative Embodiments

[0076] The vortex can have clockwise or counter-clock-
wise rotation; a vortex engine could be designed to produce
a vortex with clockwise or counter-clockwise rotation or
both. The primary direction of rotation for which the station
is designed will be called the positive direction. Adjustable
deflectors would facilitate control, but a large number of
adjustable deflectors would be very expensive. Combina-
tions of fixed deflectors could be used as an alternative to
adjustable deflectors. In FIG. 4, deflectors 3 and 5 could
have fixed positive direction while deflectors 43 and 45
could have fixed negative orientation, the net circulation of
the air flowing in the arena could be reduced by restricting
the flow to deflectors with positive orientation and opening
the flow to deflectors with negative orientation. It is not
necessary the that the air flow through all the cooling bays
be the same or that all cooling bays be in use. Fixed
deflectors 3 and 5 could be oriented close to tangentially on
a few the bays used for startup and more radially on the other
bays.

[0077] The velocity at the outlet of a restriction or deflec-
tor is proportional to the square of the differential pressure
across the restriction or deflector. A differential pressure of
5.7 kPa across a restrictor produces outlet velocity of 100
m/s; a differential pressure of 0.06 kPa produces an outlet
velocity of 10 m/s. The open area of the restrictors can be
smaller than area of the restrictor because the differential
pressure across the restrictor is larger. Using combinations
of fixed deflectors could reduce the number and area of the
adjustable surfaces by 50 to 80%.

[0078] In dry climates, dry cooling tower could be more
appropriate than wet cooling towers; dry cooling tower
would have the advantage of eliminating water consump-
tion. The heat transfer mechanism in dry cooling towers is
similar to that in dust-devil where the converging air comes
in intimate contact with the hot soil and with hot sand spray.
In arid climates, wet natural draft cooling tower do not work
as well as forced draft cooling towers because the evapora-
tive cooling is so high that it tends to reduce the temperature
of the air. For the same reason, vortex engines with dry
cooling tower might be preferable in dry climates.

[0079] While the invention has been described with ref-
erence to specific embodiments, modifications and varia-
tions of the invention may be constructed without departing
from the scope of the invention defined in the claims.

Description of Operation

[0080] Start Up Procedure for the Preferred Embodiment
with Remotely Adjustable Deflectors

[0081] 1. Position lower inlet deflectors 3 to give the
converging air maximum tangential deflection.

[0082] 2. Position upper inlet deflectors 5 to give the
converging air maximum tangential deflection. Close both
air inlets restrictors 13 and 15 to upper deflector 5.

[0083] 3. Ensure that radial air passages 44, 46 are close.
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[0084] 4. Open the turbine 61 inlet nozzles and the turbine
bypass damper 25.

[0085] 5 Fill cooling tower basin 55, start the water
circulation, start warming the circulating water with waste
process heat.

[0086] 6. Gradually increase central startup heat source
83.

[0087] 7. Monitor central pressure and air velocity, control
the vortex intensity by reducing firing, by decreasing the
deflection 3, and by restricting the flow at the cooling tower
inlet 21, 25.

[0088] 8. Gradually open ambient air inlet to upper deflec-
tor 5 via louver 15.

[0089] 9. Gradually move lower inlet deflectors 3 towards
the radial direction to reduce the pressure in the cooling
tower.

[0090] 10. Close the turbine bypass restrictor 25 and
turbine 61 inlet nozzles as necessary to keep the velocity in
the cooling bay from getting too high.

[0091] 11. Reduce the deflection at lower deflectors 3 and
upper deflectors 5 and restrict the flow to upper and lower
deflector.

[0092] 12. The convective vortex could tend to rapidly
increase in intensity because a large vortex will keep rising
until the rising air reaches its level of neutral buoyancy. The
base pressure reduction is proportional to the height of the
vortex. At an upward velocity of 10 m/s a vortex could reach
a height of 10 km in 20 minutes.

[0093] 13. Gradually increase the temperature and flow of
the warm cooling water entering the cooling tower.

[0094] Stopping Procedure.

[0095] 1. Gradually restrict the flow to the turbine at the
turbine inlet nozzles, restrict the flow of air to the upper
deflector with louvers 15, orient upper and lower deflectors
3 and 5 as necessary to reduce the tangential velocity of the
converging air to zero, use negative orientation on some
deflectors if necessary.

[0096] 2. For a station with fixed deflectors restrict the
flow to positive orientation deflectors 3 and 5 and open the
open the flow to negative orientation deflectors 43 and 45.

[0097] 3. Reduce or stop the cooling water circulation.

[0098] 4. In an emergency, douse the vortex with cold
water from remote operated fire hydrants located at the inner
end of radial passageways.

What I claim as my invention is:

1. A mean of producing a convective vortex consisting of
a impervious vertical axis cylindrical wall with tangential
entries at the base of the wall, wherein the height of the
cylindrical wall is significantly higher than the height of the
tangential entries, wherein the vortex could be similar to a
tornado, a dust-devil, or a waterspout.

2. A vortex engine, as per claim 1, wherein the vortex is
started by temporarily heating the air within the area
enclosed by the cylindrical wall, called the arena, by burning
fossil fuel within the arena.

3. A vortex engine, as per claim 1, wherein the vortex is
started by injecting heated air within the cylindrical wall via
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ducts located under the floor of the arena, wherein the heated
air for starting the vortex is produced in a dedicated external
burner, or is furnace flue gas, or is gas turbine exhaust.

4. A vortex engine, as per claim 1, wherein there is a
continuous mean of heating the converging air located
outside the cylindrical wall and upstream of the tangential
entries.

5. Avortex engine, as per claim 1, wherein the continuous
heating mean is a wet or a dry cooling tower.

6. A vortex engine, as per claim 1, wherein waste heat
from power plants or other industrial processes is used to
heat the air before it enters the arena.

7. A vortex engine, as per claim 1, wherein a natural
source of heat such as warm sea water, warm fresh water, or
warn brine from a solar pond is used to heat the air in a
peripheral wet cooling tower.

8. A vortex engine, as per claim 1, wherein the horizontal
direction of the air entering the base of the cylindrical wall
is controlled with fixed or adjustable deflectors.

9. A vortex engine, as per claim 1, wherein the quantity of
air entering at the base of the cylindrical wall is controlled
by adjustable restrictors located upstream of the deflectors.

10. A vortex engine, as per claim 1, wherein the cooling
tower can consist of a plurality of cooling tower bays with
passageways between bays.

11. A vortex engine, as per claim 1, wherein the cooling
tower is made up of a continuous circular ring without
passageways.

12. A vortex engine, as per claim 1, wherein a plurality of
peripheral turbines located upstream of the deflectors are
used to produce mechanical energy.

13. A vortex engine, as per claim 1, wherein the peripheral
turbines are used to drive a plurality of electrical generators
to produce electricity.

14. A vortex engine, as per claim 1, wherein the turbine
inlet nozzles are used both to produce kinetic energy for
capture by the turbine blades and as a restrictor mean for
controlling the quantity of air entering the arena.

15. A vortex engine, as per claim 1, wherein the electrical
loading of the generator is varied to restrict flow and to
control the quantity of air entering the arena.

16. A vortex engine, as per claim 1, wherein there is a
single level of deflectors and restrictors.

17. Avortex engine, as per claim 1, wherein radial friction
flaps, located on the floor of the arena or of the upper surface
of the annular roof, are used to reduce circulation and to
reduce the centrifugal force in the boundary layer in order to
enhance convergence.

18. Avortex engine, as per claim 1, wherein the height and
position of the fixed radial friction flaps varies with the
distance from the center.

19. A vortex engine, as per claim 1, wherein there are two
levels of deflectors and restrictors to provide independent
control of the quantity and direction of the air in a lower and
an upper layer.

20. A vortex engine, as per claim 1, wherein there is an
annular roof to separate the lower converging layer from the
upper spiraling layer.

21. A vortex engine, as per claim 1, wherein the lower
deflectors can direct air more radially than the upper deflec-
tors to prevent centrifugal force from opposing convergence
in the bottom layer, to make the pressure upstream of the
bottom deflectors approach the pressure at the vortex eye-
wall.
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22. A vortex engine, as per claim 1, wherein there are
damper mean of selecting whether the air flowing in the
upper set of deflectors is air that has gone through the heat
exchanger mean or is unheated ambient air.

23. A vortex engine, as per claim 1, wherein ambient air,
whose quantity and direction can be manipulated, can be
admitted into the cylindrical wall without being heated such
as by passing in the passageway between the cooling bays,
and wherein the mean of controlling the quantity can be a
restrictor or a turbine.

24. A vortex engine, as per claim 1, wherein the diameter
of the cylindrical wall decreases with height somewhat like
in a hyperbolic cooling tower.

25. A vortex engine, as per claim 1, wherein there is a
hump in the center of the station floor.

26. A vortex engine, as per claim 1, with fixed deflectors
wherein the deflectors on some bays or sectors or have
different tangential: orientation than on other bays or sectors.

27. A vortex engine, as per claim 1, with fixed deflectors
wherein the deflectors in the sectors used for startup have a
more tangential orientation and smaller entry slots openings
than the deflectors in other sectors.

28. A vortex engine, as per claim 1, with fixed deflectors,
wherein some of the sectors have deflectors with negative
orientation, wherein the net positive circulation of the air
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entering a vortex can be reduced by restricting the flow to
sectors with positive orientation and opening the flow to
sectors with negative orientation.

29. A vortex engine, as per claim 1, wherein the water
circuit consist of two circular rings, wherein the warm water
first flows down the inner ring and is then pumped backup
before flowing down the outer ring, to achieve a counter
flow effect and improve heat transfer.

30. A vortex engine, as per claim 1, wherein furnace flue
gas or gas turbine exhaust gas is injected continuously in
either the cooling tower or in the arena to enhance the vortex
or the energy production.

31. A vortex engine, as per claim 1, wherein furnace flue
gas or gas turbine exhaust gas is injected continuously in the
cooling tower, wherein the cooling water circuit is used to
remove pollutants from the flue gas, and wherein pollutants
are removed from the water circuit during water treatment.

32. A vortex engine, as per claim 1, wherein the primary
purpose of the engine is to affect the weather either by
producing precipitation, by producing clouds, by reducing
surface temperature, by reducing surface humidity, by
reducing instability and severity of storms, or by washing
and raising polluted surface air.
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