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(57) ABSTRACT

An engine for harvesting energy stored in water vapor
includes a vortex chamber coupled to an extraction unit and
also to a vortex induction unit, the vortex induction unit
configured to induce a vortex of water vapor in the chamber
and the extraction unit configured to harvest energy from the
flow of water provided by the chamber. A method of operation
is provided. Additionally, and electrical generation system is
disclosed.
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ATMOSPHERIC WATER VAPOR ENGINE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present patent application claims the benefit of
priority to U.S. Provisional Patent Application Ser. No.
61/780,177, filed Mar. 13, 2013. The aforementioned patent
application is incorporated by reference herein in its entirety
for any purpose whatsoever.

BACKGROUND OF THE DISCLOSURE

[0002] 1. Field of the Disclosure

[0003] The present disclosure relates generally to harvest-
ing energy using a turbine driven by a renewable energy
resource.

[0004] 2. Brief Description of the Related Art

[0005] With the continuing growth in demand for energy as
well as increases in its cost, there is a constant need for new
energy supplies, and in particular for low cost and non-pol-
luting alternatives. Many have recognized the value in har-
vesting energy from renewable resources. Aside from intrin-
sic variations, many forms of renewable energy are
continually available and abundant. For example, it has long
been recognized that solar and wind energy possess consid-
erable energy. A variety of techniques have been developed to
take advantage of these resources and they make substantial
contributions to energy production today.

[0006] A variety of other renewable resources are available.
Some of these are yet to be tapped, or the technology remains
in its infancy. Consider the harvesting of energy that is stored
in water vapor.

[0007] Water vapor in the atmosphere is primarily the result
of the sun converting water on the surface of the Earth from
the liquid phase to the gaseous phase. In this process, solar
energy is absorbed by water molecules which are heated to
the point of vaporization. Water vapor is also the result of
many other sources of heat, both industrial and natural. What-
ever the source is, any technique which is able to extract
thermal energy transferred to water vapor will benefit from a
virtually inexhaustible source of energy. This has not gone
unnoticed, and some attempts have been made to provide
viable solutions.

[0008] One solution for extracting energy stored in water
vapor is that of a atmospheric vortex engine. Generally, a
conventional atmospheric vortex engine makes use of a tor-
nado-like convective vortex. The convective vortex may be
accomplished with a device having a cylindrical wall in which
air carrying water vapor is tangentially admitted to the base of
the wall. The convective vortex is started by heating the air
within the wall with fuel. The convective vortex is sustained
using the naturally occurring heat of the ambient air or by a
peripheral heat exchanger. Unfortunately, such conventional
atmospheric vortex engines, have a cylindrical wall open on
the upper end that acts as a chimney. This open end can allow
the convective vortex to escape. Furthermore, turbines used in
conventional atmospheric vortex engines are typically
located at the input and low pressure side of the engine. This
does not provide for harvesting energy which may be devel-
oped from humid air. Given the requirement to maintain a
chimney of substantial height, such devices require substan-
tial space and apparatus and are not easily deployed.

[0009] Some other devices that make use of a tornado-like
convective vortex admit air to the base of a cylindrical wall via
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tangential ducts. Despite the atmospheric vortex engine hav-
ing a cylindrical wall with an opening at the upper end, the
heat required to sustain the vortex is provided by, for example,
a peripheral heat exchanger.

[0010] There is a need for improved techniques to harvest
the latent heat of vaporization of the water vapor in addition
to, or as an alternative to the Chimney effect. Preferably, the
technique should use the vortex to lower the temperature of
the water vapor at the center of the vortex to the dew point, so
that the water vapor condenses, and so releases it’s latent heat
of condensation which goes to augment the kinetic energy of
the vortex. Once this is achieved, the chimney effect is no
longer necessary, allowing the vortex chamber to be oriented
horizontally.

SUMMARY OF THE DISCLOSURE

[0011] Inoneembodiment, an engine for harvesting energy
stored in water vapor is provided. The engine includes a
vortex chamber coupled to an extraction unit and also to a
vortex induction unit, the vortex induction unit configured to
induce a vortex of water vapor in the chamber and the extrac-
tion unit configured to harvest energy from the flow of water
provided by the chamber.

[0012] In another embodiment, a method for harvesting
energy stored in water vapor is provided. The method
includes inducing a vortex of water vapor within a vortex
chamber; permitting the induced vortex to mature such that
water in the water vapor experiences a phase change into a
liquid state; and extracting kinetic energy from at least one of
the liquid water and air from the mature vortex.

[0013] In yet another embodiment, an electrical generator
is provided. The electrical generator includes an engine for
harvesting energy stored in water vapor, the engine including
a vortex chamber coupled to a generator and also to a vortex
induction unit, the vortex induction unit configured to induce
a vortex of water vapor in the chamber and the generator
configured to convert kinetic energy from the flow of water
provided by the chamber into an electrical signal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Further features and advantages of the disclosure
will become apparent from the following detailed description
taken in conjunction with the accompanying drawings, in
which:

[0015] FIG. 11is a schematic illustration providing an over-
view of an atmospheric water vapor engine as disclosed
herein;

[0016] FIG. 2, which includes FIGS. 24, 2b and 2c, are
schematic drawings depicting aspects of an early stage of the
vortex chamber shown in FIG. 1;

[0017] FIG. 3, which includes FIGS. 3a, 35, 3c and 34, are
schematic drawings depicting aspects of a later stage of the
vortex chamber shown in FIG. 1;

[0018] FIG. 4, which includes FIGS. 4a, 4b, 4c, 4d, 4e and
4f, are schematic drawings depicting aspects of the vortex
induction unit shown in FIG. 1;

[0019] FIG. 5, which includes FIGS. 5q and 55, are sche-
matic drawings depicting aspects of the secondary vortex
induction unit shown in FIG. 1;

[0020] FIG. 6, which includes FIGS. 6a, 6b and 6c, are
schematic drawings depicting aspects of an acceleration and
flow control unit shown in FIG. 1;
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[0021] FIG. 7, which includes FIGS. 7a, 7b and 7c, are
schematic drawings depicting aspects of an extraction unit
shown in FIG. 1;

[0022] FIG. 8 is a schematic diagram depicting further
aspects of the vortex induction unit introduced in FIG. 4;
[0023] FIG. 9, which includes FIGS. 94, 95 and 9c, are
schematic drawings depicting aspects of another embodiment
of an extraction unit shown in FIG. 1; and,

[0024] FIG. 10 is a schematic diagram depicting an
example of platter design for the extraction unit of FIG. 9.

DETAILED DESCRIPTION OF THE
DISCLOSURE

[0025] An atmospheric vapor engine (AVE) is disclosed
herein. Generally, the atmospheric vapor engine provides for
harvesting energy carried by atmospheric water vapor.
Accordingly, the atmospheric vapor engine may be combined
with other devices, such as a generator used to generate elec-
tricity.

[0026] Prior to discussing the atmospheric vapor engine
(AVE) in detail, some context is provided.

[0027] As discussed herein, the term “renewable energy”
generally refers to energy derived from resources which are
naturally replenished over time. Exemplary types of renew-
able energy include solar, wind, geothermal, waves, and the
like. Heat (thermal energy) released from water vapor as it is
cooled is another source. The atmospheric vapor engine
(AVE) takes advantage of the latent heat (or energy released)
by water vapor during a phase transition from gas to liquid.
This phase transition produces “sensible heat.”

[0028] Generally, the term “water vapor” refers to the gas-
eous phase of water. In general, and as used herein, “water
vapor” refers to air that is carrying some fraction of water in
gaseous form. This may also be referred to as “moist air,” as
“humid air” and by other similar terms. As used herein, it is
not required that water vapor have any particular fractional
composition or ratio of water and air. Rather, a degree of
humidity required is merely that which is deemed adequate
by a user, designer, manufacturer or other similarly interested
party.

[0029] Although discussed herein as a “atmospheric vapor
engine,” it is not required that water vapor originate in the
atmosphere.

[0030] Also as discussed herein, the term “vortex™ gener-
ally refers to a pattern of flow within a fluid. A vortex is a
region within the fluid where flow is primarily of a spinning
motion about an imaginary axis. It is an observable natural
phenomenon that any vortex produces a lowering of pressure
at its center. Examples of vortexes include whirlpools (where
the medium is purely liquid), dust devils (whirlwinds of air
into which dust and debris particles get trapped, making it
visible, where the medium is purely air), and tornadoes and
hurricanes (where the medium is a water vapor/air mixture).
The energy which drives the whirlpool derives from the diver-
sion of a liquid flow impinging on an obstacle. The energy
which drives a dust devil derives from the pressure reduction
at the center of the dust devil vortex producing a consequen-
tial temperature reduction releasing the specific heat from the
air. The energy source which drives a hurricane or tornado
derives from the central pressure reduction cooling the air/
water mixture below the dew point, thereby releasing the
specific heat of the mixture and the latent heat of vaporization
of the water vapor.
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[0031] Generally, the atmospheric vapor engine includes a
cylindrical vortex chamber located between an extraction and
exploitation unit and a vortex induction unit. The vortex
induction unit may be adjacent to an acceleration and flow
control unit. A controlled vortex may beinitiated by involving
ajet of gas (air laden with water vapor) that is blown tangen-
tially (and angled axially) by a fan into a cylindrical vortex
chamber. A secondary method of maintaining the induced
vortex in the cylindrical chamber may be used. Once induced,
if there is adequate fuel in the form of water vapor, the vortex
will be self-sustaining. With sufficient travel distance down
the vortex chamber, the vortex will extract energy from the
water vapor air mixture. This energy will manifest as the
kinetic energy of the rotating air and water mixture in the
outer portions of the vortex chamber furthest from the vortex
induction region. Refer to FIG. 1 where an overview is pro-
vided.

[0032] Referring to FIG. 1, there is shown an exemplary
and non-limiting embodiment of an atmospheric vapor
engine (AVE) 101. The atmospheric vapor engine (AVE) 101
includes a primary vortex induction unit 104, a secondary
vortex induction unit 105, and a vortex chamber 110 enclosed
by a cylinder 111. The atmospheric vapor engine (AVE) 101
includes an acceleration and flow control unit 106 and an
extraction unit 107. Flow within the atmospheric vapor
engine (AVE) 101 generally begins in the acceleration and
flow control unit 106, and extends through the AVE 101 into
the extraction unit 107.

[0033] Note various conventions that have been adopted
herein to facilitate discussion in relationship to the drawings.
For example, note thatin FIG. 1, Roman numerals are used to
denote certain cross-sectional planes arbitrarily drawn
through the atmospheric vapor engine (AVE) 101. More spe-
cifically, Roman numeral I is used to denote a cross-sectional
plane at the beginning of the acceleration and flow control
unit 106. Roman numeral ITis used to denotea cross-sectional
plane at a transition from the acceleration and flow control
unit 106 to the secondary vortex induction unit 105, Roman
numeral III is used to denote a cross-sectional plane at an
early portion of the vortex chamber 110. Roman numeral 1V
is used to denote a cross-sectional plane at a later portion of
the vortex chamber 110.

[0034] Additionally, axes of a coordinate system are pro-
vided throughout the drawings. Generally, it may be consid-
ered that the atmospheric vapor engine (AVE) 101 extends in
an X-direction, and has a height that is measurable in a Y-di-
rection. With reference to FIG. 1, a width of the atmospheric
vapor engine (AVE) 101 is measurable in a Z-direction.
[0035] The cross-sectional planes and coordinate systems
provided herein are merely for purposes of referencing and to
aid in the discussion of the atmospheric vapor engine (AVE)
101. No limitations are implied or are to be inferred from
these conventions.

[0036] Aspects of the atmospheric vapor engine (AVE) 101
are now presented in an order that is generally organized
according start-up and operation of the engine 101.

[0037] Refer now to FIG. 4, where aspects of the primary
vortex induction unit 104 are shown. FIG. 4a presents aspects
of the primary vortex induction unit 104 in a cutaway side
view, and F1G. 4b shows a cutaway transverse vertical cross-
section at the plane indicated by reference number 405.
[0038] In the primary vortex induction unit 104, a jet of
humid air 413 used to induce the vortex is produced by a fan
assembly 404. Merely for simplicity, the fan assembly 404 is
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shown as a single block. The fan assembly 404 may include
any type of fan apparatus deemed appropriate. For example,
the fan assembly 404 may include a variable speed motor for
providing variable speed control of the fan assembly 404. The
fan assembly 404 provides the jet of humid air 413 to an upper
manifold 403 and a lower manifold 402. In this example, the
lower manifold 402 penetrates a wall of the cylinder 111. The
jetofhumid air is then guided into a vortex chamber 110, The
portion of the vortex chamber 110 shown in FIG. 4a leads
from a secondary vortex induction unit 105 through to the
vortex chamber 110 (discussed further below).

[0039] Refer now also to FIGS. 4¢ and 44. FIG. 4¢ depicts
flow characteristics within the portion of the primary vortex
induction unit 104 depicted in FIG. 4a. Similarly, FIG. 44
depicts flow characteristics within the portion of the primary
vortex induction unit 104 depicted in FIG. 4b. Accordingly,
some aspects such as presentation of the lower manifold 402
are generally omitted to emphasize the flow characteristics.
[0040] Tt may be seen with reference to FIGS. 4¢ and 44,
that the lower manifold 402 introduces the jet of humid air
413 tangentially into the vortex chamber 110. A further sec-
tional plane (denoted with reference number 407), indicated
in the transverse vertical section (denoted with reference
number 405), is used to show the gas flow in FIGS. 4¢ and 4.
[0041] In some embodiments, the manifold (for example,
the upper manifold 403)has a cross-section that is designed to
accelerate the air/water vapor mixture towards the vortex
chamber 110. In this example, the upper manifold 403 gradu-
ally narrows into the lower manifold 402. The lower manifold
402 is generally angled tangentially to the vortex chamber
110, and is also angled relative to the longitudinal axis of the
wall of the cylinder 111. FIG. 4¢ depicts the angular relation-
ship of the lower manifold 402 with the wall of the cylinder
111 as manifold angle 416. Manifold angle 416 may be
selected such that the gas flow forms a helix 415 of a prede-
termined pitch. The pitch of the helix 415 is generally equiva-
lent to the longitudinal (or axial) dimension of the lower
manifold 402.

[0042] Accordingly, by injecting the jet of humid air 413
into the cylindrical volume bounded by the wall of the cylin-
der 111, a vortex of water vapor is initiated.

[0043] Once the vortex has been fully initiated, it will
become self-sustaining by the low pressure at the vortex
center (that is, along a central axis of the cylinder 111
bounded within the wall of the cylinder 111). The low pres-
sure at the vortex center will draw in humid air through the
mechanism of the secondary vortex induction unit 105
(shown in FIG. 5 and FIG. 9a). In order to increase efficiency
offlow of the humid air, an aperture of the lower manifold 402
may be closed. Closing of the aperture of the lower manifold
402 may be accomplished with a door 408 (shown in FIG. 4f
and FIG. 8), which may be designed to cover the aperture and
provide a seal that is generally consistent with the appearance
ofthe internal surface of the wall of the cylinder 111. The door
408 may be attached by a hinge 409 and biased by a spring in
the hinge 409 (not shown). Biasing the hinge 409 with a
spring provides a system such that shutting down flow of the
jetof humid air 413 from the fan assembly 404 will cause the
door 408 to close.

[0044] FIG. 4e shows an expanded view of aspects of the
fan assembly 404. In some embodiments, the fan assembly
404 includes a variable speed fan 410. The variable speed fan
410 is fed with humid air drawn through a fine filter 411, and
guided by an air acceleration assembly 418. The air accelera-
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tion assembly 418 contains smoothing vanes 417. This
arrangement provides for flow of the humid air through the
fine filter 411 to travel at a much lower speed than air flowing
through the jet of humid air 413.

[0045] The use of the variable speed fan 410 permits the
user to adjust speed of the jet of humid air 413 in order to
achieve a lowering of the gas temperature to below the dew
point at the center of the vortex chamber 110. Generally,
temperature reductions needed are dependent on the ambient
temperature and relative humidity of the humid air that is
input through the fine filter 411.

[0046] An embodiment of the secondary vortex induction
unit 105 is shown in FIG. 5. In this example, the secondary
vortex induction unit 105 includes four guidance vanes 502,
503, 504 and 505. The four guidance vanes 502, 503,504 and
505 are disposed in a feeder cylinder 112 with a diameter that
is substantially equivalent to the diameter of the vortex cham-
ber 110. Generally starting at the second cross-sectional plane
(I1), the four guidance vanes 502, 503, 504 and 505 extend
radially outward from a central axis. Progressing in the X-di-
rection of the atmospheric vapor engine (AVE) 101, each one
of the four guidance vanes 502, 503, 504 and 505 exhibit a
gradual twist. The twist provided in the four guidance vanes
502,503,504 and 505 is generally in agreement with the pitch
of the helix 415. In some embodiments, at least one cycle of
the helix 415 is provided in the four gunidance vanes 502, 503,
504 and 505 prior to the secondary vortex induction unit 105
joining with the primary vortex induction unit 104. This
ensures that the humid air drawn in from the acceleration and
flow control unit 106 joins the existing vortex with no disrup-
tion.

[0047] Refer now to FIG. 6, where aspects of the accelera-
tion and flow control unit 106 are shown. Among other things,
the acceleration and flow control unit 106 provides for feed
control of the atmospheric vapor engine (AVE) 101.

[0048] The acceleration and flow control unit 106 may
include a filter 605 (see FIG. 6a). The filter 605 may be
included to filter incoming humid air from contaminants.
Accordingly, the filter 605 may be configured to balance
production with hazard limitation. Specifically, the filter 605
may be configured to remove, or substantially remove par-
ticular contaminants that may induce erosion and/or corro-
sion particularly to turbine components. Additionally, the
filter 605 may be configured to limit pressure differential
from a feed supply of water vapor (not shown) and the water
vapor that is introduced into the atmospheric vapor engine
(AVE) 101.

[0049] In some embodiments, the atmospheric vapor
engine (AVE) 101 is configured to accelerate flow between
the filter 605 and a secondary vortex induction unit 105. For
example, in some embodiments, the area of the filter 605 at
cross-sectional plane (I) is about forty (40) times the area of
the filter 605 at cross-sectional plane (II).

[0050] Generally, the filter 605 may include any type of
material deemed appropriate. For example, the filter 605 may
include a non-woven fabric of a desired thickness and poros-
ity. The filter 605 may be configured for maintenance and/or
exchange during operation of the atmospheric vapor engine
(AVE) 101.

[0051] Inthisembodiment, afirst acceleration housing 604
and a second acceleration housing 602 areincluded within the
acceleration and flow control unit 106. In this example, the
cross-section of the first acceleration housing 604 is generally
rectangular. The cross-section of the second acceleration
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housing 602 generally blends from rectangular to circular.
Disposed between the first acceleration housing 604 and the
second acceleration housing 602 is a partitioning unit 603.
[0052] Generally, the partitioning unit 603 provides for
shutdown and flow control management. Refer now also to
FIGS. 65 and 6¢, where aspects of one embodiment for shut-
down and flow control are depicted. FIG. 6b provides a cut-
away side view of the partitioning unit 603, while FIG. 6¢
provides a cutaway end view of the partitioning unit 603.
[0053] In this embodiment, the partitioning unit 603
includes a plurality of vanes 636. Generally, each one of the
vanes 636 includes a thin flat, or substantially flat, surface that
is rotatable about a longitudinal axis (that is, an axis in the
Z-direction). In the example depicted, each vane in the plu-
rality of vanes 636 includes a thin, oval profile.

[0054] Each one ofthe vanes 636 is mounted to a frame 637
that is generally sized to fit within an inner perimeter of the
acceleration and flow control unit 106 (that is, within an inner
perimeter of the first acceleration housing 604 and/or the
second acceleration housing 602). Each one of the vanes 636
is mounted to the frame 637 by a shutter pivot 638 disposed at
each end thereof.

[0055] Collectively. the plurality of vanes 636 operate as a
shutter assembly. That is, the plurality of vanes 636 provide
for placing the partitioning unit 603 in an “open” position
(where water vapor is introduced into the atmospheric vapor
engine (AVE) 101), or placing the partitioning unit 603 in a
“closed” position (where water vapor is blocked from entry
into the atmospheric vapor engine (AVE) 101). The partition-
ing unit 603 shown in FIGS. 65 and 6c¢ is depicted in the open
position.

[0056] In the embodiment shown, each one of the shutter
pivots 638 includes a bearing. In some embodiments, at least
some of the shutter pivots 638 include less elaborate devices,
such as mated screw eyes. In further embodiments, at least
some of the shutter pivots 638 simply include a biased form of
elastic material. In some embodiments, at least some of the
shutter pivots 638 include a bias device to bias the partitioning
unit 603 into an open position. Regardless of construction,
each one of the shutter pivots 638 provides for pivoting or
rotation of each one of the vanes 636 between an open posi-
tion and a closed position.

[0057] Also shown in FIGS. 65 and 6¢ is a control rod 639.
Inthis embodiment, the control rod 639 is coupled to an edge
of each one of the vanes within the plurality of vanes 636.
More specifically, the control rod 639 is coupled to an edge at
acontrol pivot 640. Each control pivot 640 is distally oriented
from the axis of rotation for each one of the vanes within the
plurality of vanes 636. Accordingly, upward or downward
movement of the control rod 639 provides for rotation of the
plurality of vanes 636, and therefore opening or closing of the
partitioning unit 603.

[0058] Each control pivot 640 may include any type of
coupling deemed suitable. For example, each control pivot
640 may include a bearing, a mechanical linkage, fabric,
elastic material, a magnetic linkage and other type of cou-
pling or combination thereof. Each one of the shutter pivots
638 and the control pivots 640 may include any type of
coupling or linkage deemed appropriate by a user, designer,
manufacturer or other similarly interested party.

[0059] In some embodiments, the shutter pivots 638
include a plurality of respective motor controls. Accordingly,
control may be achieved electronically by commanding each
one of the motors (collectively or separately). Accordingly,
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the control rod 639 may be included as a backup manual
control, or dispensed with altogether. In some embodiments,
the control rod 639 is driven by a motor control.

[0060] Accordingly, the partitioning unit 603 may be used
to adjust feedstock (that is, a supply of water vapor) to the
atmospheric vapor engine (AVE) 101. By adjusting the par-
titioning unit 603 to a partially open or partially closed posi-
tion, and operator may modulate intensity of a vortex within
the atmospheric vapor engine (AVE) 101.

[0061] Refer now also to FIGS. 2 and 3, where aspects of
the vortex chamber 110 are shown. Generally, the vortex
chamber 110 is a cylindrical element. The vortex chamber
110 is in operational communication with the primary vortex
induction unit 104 and the extraction unit 107. Humid air is
introduced into the vortex chamber 110 by the primary vortex
induction unit 104, and approximately at cross-sectional
plane (I1I). Aspects of the vortex chamber 110 at cross-sec-
tional plane (I1I) are discussed with reference to FIG. 2. A
mature vortex is realized in the vortex chamber 110, approxi-
mately at cross-sectional plane (IV). Aspects of the vortex
chamber 110 at cross-sectional plane (IV) are discussed with
reference to FIG. 3.

[0062] The wall of the cylinder 111 of vortex chamber 110
has a radius 202. Generally, the inner surface of the cylinder
111 is of a smooth and continuous surface that is conducive to
unperturbed containment and flow of the vortex. In order to
describe operation of the vortex chamber 110, the vortex is
described in terms of an “arbitrary small element™ as well as
an “arbitrary circular annulus.” These arbitrary elements are
introduced to better describe the fluid dynamics associated
with the vortex in the vortex chamber 110.

[0063] Once avortex has been initiated, the vortex chamber
110 contains an arbitrary circular annulus 203 which has an
inner radius 205 from the chamber center 209. Generally, the
arbitrary circular annulus 203 is representative of the vortex.
Within the arbitrary circular annulus 203 is an arbitrary small
element 204. The arbitrary small element 204 may be char-
acterized by a radial height or thickness 215 and a circumfer-
ential width or thickness 214 (as shown in FIG. 25).

[0064] FIG. 2¢ shows the arbitrary small element 204 hav-
ing a velocity 208, which may be resolved into a tangential
velocity 206, and a radial velocity 207. The relationship
between temperature and pressure within this element is
given by the Ideal Gas Law, Eq.(1):

Py=NRT (.

[0065] In Eq.(1), P represents pressure, v represents the
volume of the arbitrary small element 204, T represents tem-
perature, R is Boltzmann’s constant (1.3806488x107>* m” kg
572 K1) and N represents the number of water vapor and air
molecules in the arbitrary small element 204.

[0066] As aconsequence of the laws of nature described by
the Ideal Gas Law (Eq.(1)), there is a pressure and tempera-
ture gradient, having a minimum at the center, and maximum
atthewall of the cylinder 111. Thus, low pressure in the center
of the vortex counteracts the centripetal force which causes
radial velocity 207. Accordingly, the tangential velocity 206
of the arbitrary small element 204 is a gradient having a
minimum on a side of the arbitrary small element 204 toward
the center and a maximum on a side of the element facing the
wall of the cylinder 111.

[0067] Inasimilar way, FIGS. 3a to 3d display the elements
at the cross-sectional plane (IV). Analogous to arbitrary small
element 204, element 304 is an arbitrarily small piece of an
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arbitrarily sized annulus 303. Arbitrarily sized annulus 303 is
described by inner radius 305. Element 304 has a radial height
orthickness 315 and a circumferential width or thickness 314.
In addition, there is displayed an annulus of rotating liquid
water 311 generally disposed on the inside surface of the wall
of the cylinder 111 of the vortex chamber 110 and having a
velocity 318. Velocity 318 may be resolved into a tangential
velocity 316 a potential radial velocity 317. The wall of the
cylinder 111 provides a reactionary pressure to counteract the
potential radial velocity 317.

[0068] If the vortex has matured within the length of the
vortex chamber 110, such that latter section of the vortex
chamber contains almost completely separated air and water,
then the rotating liquid water 311 will contain almost all the
water from the water vapor/air mixture. This water will also
contain a significant portion of the released kinetic energy.
[0069] The atmospheric vapor engine (AVE) 101 makes
use of this released kinetic energy to drive the extraction unit
107.

[0070] One embodiment of the extraction unit 107 is
depicted in FIG. 7a. As noted above, once the vortex has
matured, then the annulus of rotating liquid water 311 will
contain rotating water with a high flow. In this embodiment,
the flow is bled off through a tangential bleed off manifold
702, with a transverse section (denoted at reference number
704, see also FIG. 7b) showing the shape of tangential bleed
off manifold 702, and its connection to a high speed water
turbine 703.

[0071] The remaining rotating air, with some water mixed
in, continues to rotate for one further pitch of the helix 415.
The air is directed into in a reduced diameter pipe 711, and is
bled off through a second tangential manifold 706, shown in
another transverse section denoted at reference number 708,
see also FIG. 7¢), to drive a second turbine 707.

[0072] FIG. 8 is an expanded version of FIGS. 44 and 4f,
which shows the angular relationship of the lower manifold
402 to tangential bleed off manifold 702 (or 902, for an
alternate embodiment) which resides further down the vortex
chamber 110. Also depicted are door 408 and hinge 409
which closes off the lower manifold 402 when the vortex
inducing inlet stream is terminated. FIG. 8 also identifies the
vertical location as of the longitudinal section 801 of the
vortex chamber 110.

[0073] An alternative embodiment of the extraction unit
107 is depicted in FIG. 9. FIG. 9a includes a Tesla type of
turbine as an alternative means for extracting the energy from
the rotating air/water mixture.

[0074] FIG. 9a depicts the location of the transverse verti-
cal section (denoted as cross-sectional plane 405, also shown
in FIG. da), and locates the first complete virtual “thread” of
the helix 415 containing air and water vapor, which causes the
pressure reduction at reference location Q. For clarity only
one turn of the helix 415 is shown, and ultimately a pattern of
the helix 415 will spread out as the main stream of humid air
913 enters.

[0075] The pressure reduction at reference location Q has
two roles; first, to cause additional humid air 913 to be drawn
in to the vortex chamber 110 through filter 605, partitioning
unit 603, and inlet pipe 612, and second, to cause the tem-
perature to drop to the dew point, to initiate the energy extrac-
tion from the water vapor. The additional flow of humid air
913 provides humidity fuel to feed and amplify the vortex in
vortex chamber 110. Once the vortex center is adequately
established to lower the temperature to the dew point, water
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vapor will start to condense, releasing latent heat of conden-
sation to amplify the rotational energy of the vortex. This
condensation is not anticipated to be an instantaneous event,
but will take place progressively as the vortex travels down
the chamber. The vortex will progressively mature as it moves
down the chamber, until it reaches the platters of a Tesla
turbine, whose location is shown at the end of the vortex
chamber 110, and whose details are shown in FIGS. 956 and
9c.

[0076] FIGS. 95 and 9¢ provide details of aspects of an
extraction unit 107 making use of the Tesla turbine. The main
housing may be a casting 903, which for example may be
aluminum, and which fits inside the end ofthe vortex chamber
110, and supports a drive shaft 911 on cantilever bearings
906, and is in turn supported by an end plate 905. Platters 904
for the turbine are shown as a block, but are a series of hard
discs are included. In one example, the platters 904 are of the
order of %42 inch thick, keyed to the shaft 911, separated by %42
inch washers, and held in place by a retaining nut 908, and a
flange 907, which is integral to the drive shaft 911. The
platters 904 may be pierced by holes near the drive shaft 911,
and thus allow the spent air and water to escape through the
three slots in the casting 1003 (as shown in FIG. 10) to the
outlet pipe 902. As shown in FIG. 10, an exemplary design of
904 platter 904 is shown. The platter 904 can be plastic 1004
or of other suitable material. In one embodiment, the platters
904 are round and contains three vents 1003 for water and air
to pass through. The center of each platter 904 is a shaft 1002
and includes a keyway 1001.

[0077] The cantilever bearings 906 are representative of
both needle roller support bearings and ball thrust bearings,
mounted in the housing. A coupling drive for the electrical
generator 909, together with thrust bearings and flange 907
prevent axial movement of the drive shaft 911, and is held in
place on the drive shaft 911 with another retaining nut 908.
[0078] The usual casing for a Tesla turbine is close to the
edge of the turbine platters 904. This is to constrain the
impinging water or gas to flow through the spaces between
the platters 904. However, for this system, as shown in FIG.
9a, the vortex, in which the rotating gas/water mixture is
constrained by the vortex centripetal forces, and the progres-
sive helical motion caused both by the angle of the jet of
humid air 413, and the in-flowing humid air 913 constrain the
rotating air and water to flow through the platters 904.
[0079] The shape of the outline of the set of platters 904
may be conical in order to capture the energy from all levels
of the vortex, with dry air contributing near the center, to
water droplets and coalesced water near the outer boundary.
The secondary induction inflowing of humid air 913, is pro-
pelled by the pressure gradient from atmospheric pressure
down to the pressure at reference location Q, associated with
the initial dew point. The energy released in the vortex is a
function of the humidity, which determines the latent heat
energy available per unit volume; the atmospheric tempera-
ture; and total flow of humid air. These factors govern tem-
perature drop to the dew point, and thus the specific heat
energy released.

[0080] Many electrical generators require a constant speed
of rotation, and thus a constant level of energy release. The
one variable of those outlined above which is potentially
controllable is the flow of humid air 913. This can be done, for
example, with an electronic feedback control of the degree of
opening of the partitioning unit 603, and by using a tachom-
eter to measure the speed of rotation of the turbine shaft. Such
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a tachometer may be easily provided by a small magnet
inserted onto the flange 907 of the drive shaft, 911, and a pick
off coil mounted on the shaft housing.

[0081] Accordingly, the atmospheric vapor engine (AVE)
101 may be accompanied with other components not shown
here in. For example, the AVE 101 may include electronic
control systems. Examples of components for electronic con-
trol systems include at least one processor, memory, data
storage, a communications interface, a user interface, elec-
tromechanical devices, optical devices, and other similar
components. By way of example, electromechanical devices
may be useful for receiving control signals from a control
system and controlling aspects such as the partitioning unit
603. Optical devices may be useful for monitoring density,
speed, flow and other similar parameters in the vortex cham-
ber 110.

[0082] A control system may include a set of machine
executable instructions stored on machine readable media,
the instructions provided for execution of at least one method.
Such instructions may be commonly referred to as “soft-
ware.” For example, software may be included to manage a
feedback loop between the partitioning unit 603 and the speed
of the turbine.

[0083] The atmospheric vapor engine (AVE) 101 may be
configured for stand-alone operation, for operation in con-
Jjunction with energy storage (such as to supply battery stor-
age), and may be configured for connection to a distribution
system (for example, for connection to “the grid”). Accord-
ingly, the atmospheric vapor engine (AVE) 101 maybe further
outfitted with equipment and components necessary to sup-
port the given mode of operation. For example, a switching
topology may be provided with the atmospheric vapor engine
(AVE) 101 such that connections to the grid may be made in
a fashion that complies with the standards of the grid operator.
In some embodiments, the atmospheric vapor engine (AVE)
101 is configured to provide mechanical energy. That is, the
atmospheric vapor engine (AVE) 101 does not provide elec-
trical generation, but instead may provide for mechanically
driving other apparatus. Exemplary apparatus include a
mechanical pump, such as one used to draw water from a
well.

[0084] The atmospheric vapor engine (AVE) 101 may be
fabricated from any types of materials and/or components
deemed appropriate. No limitations are implied or to be
inferred regarding scale and/or construction of the atmo-
spheric vapor engine (AVE) 101.

[0085] Having introduced aspects of the atmospheric vapor
engine (AVE) 101, it should be understood that many varia-
tions may be realized. For example, the embodiment pre-
sented herein generally describes a linear flow. In the discus-
sion, the AVE 101 is shown as disposed on a horizontal
surface. No aspect of the foregoing is meant to imply any
particular geometric requirements, orientation or other such
limitations. In short, the teachings herein may be applied in
any manner deemed appropriate by a user, designer, manu-
facturer or other similarly interested party.

[0086] In some embodiments, the atmospheric vapor
engine (AVE) 101 is used for vapor recovery. That is, in some
embodiments, the atmospheric vapor engine (AVE) 101 is
used as part of an effluent control system. In these embodi-
ments, humid effluent is directed into the atmospheric vapor
engine (AVE) 101.

[0087] Various other components may be included and
called upon for providing for aspects of the teachings herein.
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For example, additional materials, combinations of materials
and/or omission of materials may be used to provide for
added embodiments that are within the scope of the teachings
herein. In the present application a variety of variables are
described, including but not limited to components and con-
ditions. It is to be understood that any combination of any of
these variables can define an embodiment of the disclosure.
Other combinations of articles, components, conditions, and/
or methods can also be specifically selected from among
variables listed herein to define other embodiments, as would
be apparent to those of ordinary skill in the art.

[0088] When introducing elements of the present disclo-
sure or the embodiment(s) thereof, the articles “a,” “an,” and
“the” are intended to mean that there are one or more of the
elements. Similarly, the adjective “another,” when used to
introduce an element, is intended to mean one or more ele-
ments. The terms “including” and “having” are intended to be
inclusive such that there may be additional elements other
than the listed elements.

[0089] While the disclosure refers to exemplary embodi-
ments, it will be understood by those skilled in the art that
various changes may be made and equivalents may be sub-
stituted for elements thereof without departing from the scope
of the disclosure. In addition, many modifications will be
appreciated by those skilled in the art to adapt a particular
instrument, situation or material to the teachings of the dis-
closure without departing from the spirit thereof. Therefore, it
is intended that the disclosure not be limited to the particular
embodiments disclosed.

What is claimed is:

1. An engine for harvesting energy stored in water vapor,
the engine comprising:

a vortex chamber coupled to an extraction unit and also to

a vortex induction unit, the vortex induction unit config-
ured to induce a vortex of water vapor in the chamber
and the extraction unit configured to harvest energy from
the flow of water provided by the chamber.

2. The engine as in claim 1, wherein the extraction unit is
disposed at one end of the chamber and the induction unit is
disposed at the other end of the chamber.

3. The engine as in claim 1, wherein the chamber comprises
a cylinder.

4. The engine as in claim 1, wherein the vortex induction
unit is configured to introduce a jet of humid air both tangen-
tially and angled axially to an inner surface of the chamber.

5. The engine as in claim 4, wherein the configuration
causes a helix of the jet of humid air within the chamber.

6. The engine as in claim 4, wherein the vortex induction
unit comprises a variable speed fan for introducing the jet of
humid air.

7. The engine as in claim 1, further comprising an accel-
eration and flow control unit configured to provide humid air
to the vortex induction unit.

8. The engine as in claim 7, wherein the acceleration and
flow control unit comprises a partitioning unit.

9. The engine as in claim 8, wherein the partitioning unit is
operable to adjust flow of humid air.

10. The engine as in claim 1, wherein the vortex induction
unit comprises a seal configured to shut down flow to the
vortex chamber.

11. The engine as in claim 1, wherein the extraction unit
further comprises apparatus for harvesting energy from a flow
of air provided by the chamber.
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12. The engine as in claim 1, wherein the extraction unit is
configured to drive an electrical generator or provide
mechanical energy to another apparatus.

13. The engine as in claim 1, wherein the extraction unit
comprises at least one of a water driven turbine and an air
driven turbine.

14. A method for harvesting energy stored in water vapor,
the method comprising:

inducing a vortex of water vapor within a vortex chamber;

permitting the induced vortex to mature such that water in

the water vapor experiences a phase change into a liquid
state; and

extracting kinetic energy from at least one of the liquid

water and air from the mature vortex.

15. The method as in claim 14, wherein extracting kinetic
energy comprises driving at least one of a electrical generator
and a mechanical component.

16. An electrical generator comprising:

an engine for harvesting energy stored in water vapor, the

engine comprising a vortex chamber coupled to a gen-
erator and also to a vortex induction unit, the vortex
induction unit configured to induce a vortex of water
vapor in the chamber and the generator configured to
convert kinetic energy from the flow of water provided
by the chamber into an electrical signal.

* %k k%
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