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(57) ABSTRACT 

Methods and apparatus, for generating electricity from air­
flow and thermal energy. In one aspect, an electricity gen­
erating apparatus includes a housing including a double­
walled section containing a thermal salt to store heat and 
form a pressure chamber within the housing, a collector 
coupled with the housing and including two or more inlet 
channels configured to direct ambient air into the pressure 
chamber, and a nozzle coupled with the housing configured 
to direct a convection current of air into the pressure 
chamber, and a turbine including a rotor and a stator to 
generate electricity from air flow through the pressure 
chamber, the rotor having an aerodynamic rotor case and 
convergent blades and the stator having an aerodynamic 
stator case and divergent blades, and where the double­
walled section containing the thermal salt surrounds at least 
a portion of the collector and surrounds a portion of the 
turbine. 

16 Claims, 10 Drawing Sheets 
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Generate a thermal gradient within the housing by a thermal salt 
contained within a double-walled section of a housing 

fill2 

Establish a pressure chamber within the housing by the thermal 
gradient generated within the housing. 

504 

r 

Collect wind from an ambient surrounding the housing by a 
collector coupled with the housing and two or more inlet channels 

506 

-----~- ----~-----"--

Collect convection current of air rising from below the collector by 
the collector and a nozzle 

508 

Direct the collected winds and convection current of air into an air 
flow through the pressure chamber within the housing 

510 

Generate electricity by a turbine coupled to the housing from the air 
flow through the pressure chamber within the housing 

512 

FIG. 5 
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APPARATUS AND METHOD FOR 
GENERATING ELECTRICITY FROM 

INTEGRATED AIR FLOWS AND THERMAL 
ENERGY 

BACKGROUND 

Renewable energy is energy collected from renewable 
resources, including ambient air (e.g., wind), sunlight, geo­
thermal heat, and tidal forces. Various electricity-generation 
systems may be used to collect one or more of the renewable 
resources, for example, wind turbines for collecting wind 
kinetic energy or solar panels for collecting photovoltaic 
energy, and then convert the renewable energy sources into 
usable electricity. Electricity-generation systems may inte­
grate multiple renewable resources to leverage maximal 
energy captured by the system. 

SUMMARY 

This specification describes technologies relating to the 
generation of electricity using airflows and thermal energy. 

In general, one innovative aspect of the subject matter 
described in this specification can be embodied in an elec­
tricity generating apparatus including a housing having a 
double-walled section containing at least a thermal salt to 
store heat so as to form a pressure chamber within the 
housing. The electricity generating apparatus also includes a 
collector coupled with the housing and includes two or more 
inlet channels and a nozzle, where the inlet channels are 
configured and arranged to direct ambient air into the 
pressure chamber within the housing, and the nozzle is 
configured and arranged to direct ambient air (e.g., wind) 
into the pressure chamber within the housing. The nozzle is 
configured and arranged to direct a convection current of air 
rising from below the electricity generating apparatus into 
the pressure chamber within the housing. Additionally, the 
electricity generating apparatus includes a turbine to gener-

2 
blades of the rotor is equal to a length of the divergent blade 
divided by an integer multiple of the Golden Ratio. 

In some implementations, the turbine includes a crank­
shaft coupled with the rotor, the aerodynamic stator case 
contains an electric generator to generate the electricity, and 
the aerodynamic stator case also contains a gearbox cou­
pling the crankshaft with the electric generator. Gearing of 
the gearbox can be selectable responsive to an estimate of a 
thermal gradient with the pressure chamber and/or can be 

10 selectable responsive to an estimate of airflow through the 
pressure chamber. 

In some implementations, a stator assembly includes a 
conical nosepiece and exterior walls of (i) the conical 

15 
nosepiece, (ii) the stator case, and (iii) the rotor case, where 
each forms an angle with a vertical direction of the elec­
tricity generating apparatus that is an integer multiple of 15 
degrees. 

In some implementations, the housing has an hourglass 
20 shape, where the double-walled section of the housing has 

interior walls that each form an angle that is an integer 
multiple of 15 degrees. A portion of the double-walled 
section of the housing containing the thermal salts can 
extend from a point below a smallest circumference point of 

25 the hourglass shape of the housing to a point above the 
smallest circumference point of the hourglass shape of the 
housing. 

In some implementations, the double-walled section con­
taining at least a thermal salt is configured such that heat is 

30 generated with solar radiation impinges upon the double­
walled section of the housing and is stored in the thermal 
salt. The portion of the double-walled section containing the 
thermal salt can be selected to generate a thermal gradient 
within at least a portion of the housing. The thermal salt used 

35 can be a Glauber's salt. 
In some implementations, the two or more inlet channels 

are defined by collector blades arranged and configured to 
form the two or more inlet channels in the apparatus. 

ate electricity from air flow through the pressure chamber, 
where the turbine is coupled with the housing and includes 40 

a rotor and a stator. The rotor includes an aerodynamic rotor 
case and convergent blades around the aerodynamic rotor 
case. The stator includes an aerodynamic stator case and 
divergent blades around the aerodynamic stator case. The 
double-walled section containing at least the thermal salt 45 

surrounds at least a portion of the collector and surrounds at 
least a portion of the turbine. 

Other embodiments of this aspect include corresponding 
methods for generating electricity by an electricity generat­
ing apparatus including generating by a thermal salt con­
tained within a double-walled section of a housing, a thermal 
gradient within the housing. The generation of the thermal 
gradient includes absorbing thermal energy by thermal salt 
contained within the double-walled section of the housing, 
storing the thermal energy by the thermal salt through a first 
phase transition from a solid to a liquid, and releasing the 
stored thermal energy by the thermal salt through a second 
phase transition from liquid to solid. A pressure chamber 
within the housing is established in part by the thermal 
gradient generated within the housing. Ambient air is col-
lected by a collector coupled with the housing and two or 
more inlet channels from an ambient surrounding the hous­
ing. A convection current of air rising from below the 

These and other embodiments can each optionally include 
one or more of the following features. In some implemen­
tations, the turbine comprises two or more magnets and two 50 

or more coils oriented with respect to each other to generate 
electricity as the rotor rotates with respect to the housing and 
the stator. The two or more magnets and the two or more 
coils can be located within the aerodynamic stator case and 
can be coaxial with the stator. 55 collector is collected by the collector coupled with the 

housing and a nozzle. The collector, the two or more inlet 
channels, and the nozzle direct the collected ambient air and 
convection current of air into an air flow through the 
pressure chamber within the housing. Electricity is gener-

In some implementations, the divergent blades of the 
stator are a first number of blades, the convergent blades of 
the rotor are a second number of blades, the rotor is coaxial 
with the stator, and the first number and the second number 
are two sequential numbers in the Fibonacci sequence. The 
first number of blades can be 8 blades, and the second 
number of blades can be 13 blades. In some implementa­
tions, a ratio of the second number of blades to the first 
number of blades ranges between 1.5-2.0. 

In some implementations, a spacing between a top edge of 
a divergent blade of the divergent blades of the stator and a 
bottom edge of a nearest convergent blade of the convergent 

60 ated by a turbine including a rotor and a stator coupled with 
the housing from the air flow through the pressure chamber 
within the housing, where the rotor includes an aerodynamic 
rotor case and convergent blades around the aerodynamic 
rotor case, and the stator includes an aerodynamic stator case 

65 and divergent blades around the aerodynamic stator case, 
and where the double-walled section containing at least the 
thermal salt surrounds at least a portion of the collector, and 
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the double-walled section containing at least the thermal salt 
surrounds at least a portion of the turbine. 

Particular embodiments of the subject matter described in 
this specification can be implemented so as to realize one or 
more of the following advantages. Integrating the electricity 
generator inside the stator case improves performance and 
efficiency, as well as reduces a number of parts required in 
manufacturing the apparatus. The aerodynamic and compact 
design (e.g., aerodynamic rotor case and aerodynamic stator 
case) simplifies manufacturing, reduces manufacturing 10 

costs, and produces a relatively lightweight solar and ambi­
ent air power generation apparatus. The design of the 
apparatus, including the use of Venturi angles and one or 
more geometric ratios (e.g., the Golden ratio) in the layout 
of the apparatus, results in improved conversion efficiency 15 

between air flow and electricity in part by reducing drag and 
friction of the air flow currents through the apparatus, and 
allows for operation at low wind speeds (e.g., wind speeds 
as low as 1.9 meters/second). Incorporating a gearbox into 
the design of the apparatus, where the gearing is selectable 20 

responsive to an estimated airflow and/or estimated thermal 
gradient within the apparatus, results in improved conver­
sion efficiency between air flow and electricity generation in 
part by matching relative speeds of an electric generator and 

4 
FIG. 6 shows an example operating environment of an 

ambient air and thermal electricity-generation apparatus. 
Like reference numbers and designations in the various 

drawings indicate like elements. 

DETAILED DESCRIPTION 

Overview 

Described below are apparatus and methods for generat­
ing electricity from airflow and thermal energy. An exem­
plary apparatus includes an outer housing where the housing 
has a double-walled portion containing a thermal salt (e.g., 
Glauber's salt) that stores heat within the double-walled 
portion of the housing. The heat stored by the thermal salt 
can create a thermal gradient within the housing of the 
apparatus, generating a pressure chamber (e.g., a low­
pressure region and a high-pressure region) within the 
apparatus. A collector is coupled with the housing and 
includes inlet charmels for directing ambient air (e.g., wind) 
into the pressure chamber formed in the housing. The 
collector also includes a nozzle, which directs convection 
currents created by air rising from below the apparatus (e.g., 
building exhaust) into the pressure chamber formed in the 

a crankshaft of the apparatus. 25 housing. Both types of collected airflow are then directed 
towards a turbine, including a rotor and a stator, which can 
generate electricity by turning a crankshaft that is attached 
to the rotor inside the turbine. The rotor and stator each have 

Incorporating a thermal salt into the external housing 
creates an enhanced thermal gradient within the housing that 
can increase air flow past the turbine, and which can 
continue operating as ambient temperatures drop (e.g., at 
night). Additionally, selecting a portion of the external 30 

housing containing the thermal salt to extend from a point 
below a smallest circumference of the housing to a point 
above the smallest circumference of the house (e.g., where 
the housing is an hourglass shape), extends the region within 
the apparatus where a pressure chamber is formed within the 35 

housing of the apparatus. Selecting a number of convergent 
blades for the rotor and a number of divergent blades for the 
stator of the turbine using the Fibonacci sequence can result 
in improved pairing of the respective blades and increased 
airflow currents past the turbine. 

a set of blades, where the rotor has a set of convergent blades 
and the stator has a set of divergent blades. The respective 
sets of blades are designed to maximize airflow through the 
turbine. The double-walled portion containing the thermal 
salt extends from a lower portion of the housing that 
surrounds the collector, up through an upper portion of the 
housing that surrounds the turbine. 

These features and additional features are described in 
more detail below. 

Example Apparatus Configuration 
FIG. lA shows an internal schematic of an example of an 

40 ambient air and thermal electricity-generation apparatus 
100. A housing 102 includes a double-walled section 104. 
The housing 102 and double-walled section 104 can be 
manufactured of a same or of different materials including 

The details of one or more embodiments of the subject 
matter described in this specification are set forth in the 
accompanying drawings and the description below. Other 
features, aspects, and advantages of the subject matter will 
become apparent from the description, the drawings, and the 45 

claims. 

aluminum, steel, copper, metallic alloy, or another thermally 
conductive material (e.g., a thermally conductive plastic). 
The double-walled section 104 and the housing 102 can be 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. lA shows an internal schematic of an example of an 
ambient air and thermal energy electricity-generation appa­
ratus. 

FIG. lB shows an external schematic of an example of an 
ambient and thermal energy electricity-generation appara­
tus. 

FIGS. 2A-2F show 
example ambient air 
apparatus. 

schematics of various parts of an 
and thermal electricity-generation 

FIG. 3 shows an example schematic of the divergent 
blades of the stator oriented with respect to the convergent 
blades of the rotor for apparatus. 

FIG. 4 is a schematic showing example airflow paths 
through an example ambient air and thermal electricity­
generation apparatus. 

FIG. 5 is a flow diagram of an example process of 
electricity generation by an ambient air and thermal elec­
tricity-generation apparatus. 

assembled to one another (e.g., riveted, bolted, welded, or 
glued) and/or integrally formed (e.g., molded or extruded). 
In some implementations, the housing 102 has an hourglass 

50 shape. The double-walled section 104 of the housing 102 
can have interior wall 106 forming an angle 107. Angle 107 
can be an integer multiple of a Venturi angle (e.g., integer 
multiples of 15 degrees) with respect to the housing 102. 

In some implementations, the double-walled section 104 
55 of the housing 102 extends from a point below a smallest 

circumference 102a of the hourglass shape of the housing 
102 to a point above the smallest circumference 102a of the 
hourglass shape of the housing. 

The double-walled section 104 of the housing 102 can 
60 contain at least a thermal salt 108, such as a Glauber's salt 

or another composition that can be used in molten salt 
energy storage. The amount of thermal salt 108 located 
within the double-walled section 104 can depend on a 
particular application of the apparatus. In some implemen-

65 tations, the thermal salt 108 is located within a portion of the 
double-walled section 104 from a point below the smallest 
circumference 102a of the housing 102 to a point above the 
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smallest circumference 102a of the housing 102. In some 
implementations, the thermal salt 108 is located within a 
portion of the double-walled section 104 below the smallest 
circumference 102a of the housing 102. In some implemen­
tations, the thermal salt 108 is located within a portion of the 5 

double-walled section 104 above the smallest circumference 
102a of the housing 102. In some implementations, the 
thermal salt 108 is located within the entire double-walled 
section 104 of the housing 102. 

The thermal salt 108 within the double-walled section 104 10 

of the housing 102 can be used to generate a thermal 
gradient within the housing 102. For example, a thermal 
gradient within the housing 102 can be generated when the 
double-walled section of the housing 102 containing the 
thermal salt 108 is heated by a thermal radiation and/or solar 15 

radiation source and/or exposed to any other heat source. 
The thermal salt 108 absorbs heat energy (e.g., solar thermal 
energy, exhaust from a HVAC system, building exhaust heat, 
etc.) and can undergo a phase transition from a solid phase 
to a liquid phase, storing thermal energy within the molten 20 

thermal salt. The molten thermal salt releases (as thermal 
radiative energy) as the thermal salt transitions from liquid 
phase back to a solid phase when the ambient temperature in 
contact with the thermal salt 108 is below the temperature of 
the thermal salt 108 (e.g., until it reaches a thermal equilib- 25 

rium point). 
The thermal salt 108 can produce a thermal gradient 

within at least a portion of the housing 102 as it releases 
stored heat into the surrounding double-walled section 104 

6 
including aluminum, steel, copper, metallic alloy, or another 
thermally conductive material (e.g., a thermally conductive 
plastic). The collector 112, collector blades 118, and/or 
nozzle 116 can be assembled to one another (e.g., riveted, 
bolted, welded, or glued) and/or integrally formed (e.g., 
molded or extruded). The collector 112, collector blades 118, 
and/or nozzle 116 can also be assembled to and/or formed 
with the housing 102 and/or double-walled section 104. 

A turbine 120, shown in FIG. lA, is positioned within the 
housing 102 to generate electricity from airflow through the 
pressure chamber 110. Turbine 120 is coupled with the 
housing 102 (e.g., attached or mounted to the housing). 
Turbine 120 includes a rotor 122 and a stator 124. In some 
implementations, the rotor 122 and the stator 124 are 
coaxial. Turbine 120 is positioned within the housing 102 
such that at least a portion of the turbine is surrounded by the 
double-walled portion 104. 

The rotor 122 includes an aerodynamic rotor case 126 and 
a set of convergent blades 128 arranged around the aerody­
namic rotor case 126. The convergent blades 128 can be 
assembled to (e.g., riveted, bolted, welded, or glued) and/or 
integrally formed with the aerodynamic rotor case 126. The 
stator includes an aerodynamic stator case 130 and a set of 
divergent blades 132 arranged around the aerodynamic 
stator case 130. The divergent blades 132 can be assembled 
to (e.g., riveted, bolted, welded, or glued) and/or integrally 
formed with the aerodynamic stator case 130. The compo­
nents of the turbine 120, including the rotor 122 and stator 
124 can be manufactured of same or of different materials 
including aluminum, steel, copper, metallic alloy, or another 
thermally conductive material (e.g., a thermally conductive 
plastic). 

In some implementations, the divergent blades 132 of the 
stator 124 are comprised of a first number of blades B(S), 
and the convergent blades 128 of the rotor 122 are com­
prised of a second number of blades B(R). The number of 
blades B(S) and B(R) can be selected according to the 
Fibonacci sequence. For example, the values for B(S) and 
B(R) can be sequential numbers in the Fibonacci sequence 

of the housing 102. In some implementations, the conduc- 30 

tive material(s) used for the double-walled section 104 and 
the housing 102 cause the heating of the double-walled 
section 104 to heat at least a portion within the housing 102. 
The thermal gradient produced within at least a portion of 
the housing 102 can form a pressure chamber 110 within the 35 

housing 102, which is described in more detail herein with 
reference to FIGS. 4 and 5. Example temperature ranges of 
the thermal gradient include 33-70° Celsius. Pressure cham­
ber 110 can include a pressure differential from a lower 
portion to an upper portion of the apparatus 100. 40 (e.g., B(S)=5 and B(R)=S; B(S)=S and B(R)=13; B(S)=13 

and B(R)=21; B(S)=21 and B(R)=34). In some implemen­
tations, the values for B(S) and B(R) are selected based on 
a ratio of B(R) to B(S). For example, the ratio of B(R) to 
B(S) can range between 1.5-2.0 (e.g., B(R)=l 7 and B(S)=lO 

A collector 112, depicted in FIG. lA, is coupled with the 
housing 102 and includes one or more inlet channels 114 and 
a nozzle 116. The collector 112 is oriented with respect to the 
housing 102 such that at least a portion of the collector 112 
is surrounded by the double-walled section 104. 45 so that B(R)/B(S)=l.7). Configurations of the divergent 

blades 132 and the convergent blades 128 are described in 
more detail with reference to FIG. 3 below. 

The inlet channels 114 are configured and arranged to 
direct ambient air from an ambient external to the housing 
102 into the pressure chamber 110. In some implementa­
tions, the inlet channels 114 are defined by collector blades 
118 (shown in FIG. lB) which are arranged and configured 50 

with respect to the housing 102 and the collector 112 to form 
inlet channels 114. 

In some implementations, the turbine 120 depicted in 
FIG. lA includes magnets 134 and coils 136 oriented with 
respect to each other to generate electricity as the rotor 122 
rotates with respect to the housing 102 and the stator 124 (as 
shown in FIG. lA). The magnets 134 and coils 136 can be 
located within the aerodynamic stator case 130 and can be 
coaxial with the stator 124. The magnets 134 can be per-

The nozzle 116 is configured and arranged to direct a 
convection current of air or airflow rising from below the 
ambient air and thermal electricity-generation apparatus 100 
into the pressure chamber 110 within the housing 102. 
Convection currents of air can include building exhaust, 
exhaust from HVAC systems, building exhaust heat (includ­
ing building thermal behavior and human activity), geother­
mal vents, or the like. In some implementations, the con­
vection currents of air are a high temperature and the 
ambient temperature surrounding the housing 102 is a low 
temperature such that the airflow is vertical through the 
ambient air and thermal electricity-generation apparatus 
100. 

The collector 112, collector blades 118, and nozzle 116 
can be manufactured of a same or of different materials 

55 manent magnets comprised of any conventional magnetic 
material, such as neodymium. The coils can be composed of 
metallic wire including copper. Although turbine 120 is 
described herein as using magnetic/coils for energy genera­
tion, other forms of magnet-free energy generation are also 

60 compatible with apparatus 100. 
In some implementations, the turbine 120 includes a 

crankshaft 138 coupled with the rotor 122. The crankshaft 
138 can be coaxial through its longitudinal axis with the 
rotor 122 and is caused to rotate about its longitudinal axis 

65 during operation of the rotor 122. The crankshaft 138 can 
rotate at a same or at a different speed (number of revolu­
tions/minute) as the rotor. For example, the crankshaft 138 
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rotates at the same speed as the rotor 122 when the crank­
shaft 138 is directly attached to the rotor 122. The crankshaft 
138 can also be geared with respect to the rotor 122 such that 
the speed of the crankshaft 138 is a geared fraction of the 
speed of the rotor 122. For example, the crankshaft 138 can 5 

be geared up or geared down relative to the rotor 122. 
In some implementations, the aerodynamic stator case 

130 shown in FIG. lA includes an electric generator 140 to 
generate electricity as the crankshaft 138 and the rotor 122 
rotate. In some implementations, the electric generator 140 10 

can include magnets 134 and coils 136 for generating 
electricity. The aerodynamic stator case 130 can also include 
a gearbox 142, which is coupled to the electric generator 140 
by a generator shaft 143. The gearing of the gearbox 142 can 

15 
be selected based on an estimate of airflow through the 
pressure chamber 110. For example, a low gear ratio can be 
selected for faster ambient air speeds (e.g., 3:1 or less 
between rotor rotational speed to electric generator rota­
tional speed) and a high gear ratio can be selected for slower 20 

ambient air speeds (e.g., 5:1 or more between rotor rota­
tional speed to electric generator rotational speed). 

In some implementations, the gearing of the gearbox 142 
shown in FIG. lA can be selected based on an estimate of 

8 
center of the collector 112 has an opening through which the 
collected convection current of air rising from below the 
collector 112 passes. 

FIG. 2B shows an example cross-sectional view of the 
conical nosepiece 146 and stator divergent blades 132 of the 
stator 124 for apparatus 100. 

FIG. 2C shows an example cross-sectional view of the 
aerodynamic stator case 130, the divergent blades of the 
stator 132 around the aerodynamic stator case 130, the 
electrical generator 140, and an attachment point for the 
generator shaft 143 for apparatus 100. In some implemen-
tations, the electrical generator 140 includes magnets 134 
(e.g., 4, 6, or 8 magnets) and coils 136 (e.g., 4, 6, or 8 coils), 
such that a number of magnets 134 and a number of coils 
136 match. The magnets 134 can be stationary relative to the 
crankshaft 138, such that the coils 136 rotate with the 
crankshaft 138. In another implementation, the coils 136 can 
be stationary relative to the crankshaft 138, such that the 
magnets 134 rotate with the crankshaft 138. 

FIG. 2D shows an example cross-sectional view of the 
aerodynamic rotor case 126, the convergent blades 128 of 
the rotor 122 around the aerodynamic rotor case 126, 
generator shaft 143 and crankshaft 138 for apparatus 100. 

FIG. 2E shows an example cross-sectional view of the 
double-walled section 104 containing the thermal salt 108, 
the convergent blades 128 of the rotor 122, and a cover for 
the aerodynamic rotor case 126 for apparatus 100. 

FIG. 2F shows an example cross-sectional view of a grille 
150 at an inlet of apparatus 100. In some implementations, 
the grille 150 is adjustable. For example, grille 150 can 
include multiple fins or baffles 152 that can adjust an amount 
of airflow at the inlet of the apparatus 100 through the 
collector by adjusting a position of the fins or baffles 152 
relative to the grille 150. In some implementations, the grille 

a thermal gradient within the pressure chamber 110. The 25 

thermal gradient within the pressure chamber 110 affects an 
internal air flow speed past the turbine, such that a proper 
gearing ratio is desired such that the rotor speed of the rotor 
122 sufficiently matches (e.g., match within a speed thresh­
old) the electric generator speed of the electric generator. For 30 

example, a gearing ratio can be selected to slow down the 
rotor speed of the rotor 122 to match an optimal generator 
speed of the electric generator (e.g., to a generator speed that 
optimizes power generation). 

In some implementations, a stator assembly 144 shown in 
FIG. lA incorporates a portion or the entire turbine 120. The 
stator assembly 144 can include a conical nosepiece 146, the 
aerodynamic stator case 130 and the aerodynamic rotor case 
126. The stator assembly 144 is designed to maximize 40 

airflow from the pressure chamber 110 past the divergent 
blades 132 of the stator 124 and the convergent blades 128 

35 150 can include a filter, a mesh, or wire grid, for example. 

of the rotor 122. The exterior walls of the conical nosepiece 
146, the aerodynamic stator case 130 and the aerodynamic 
rotor case 126 each form an angle, for example, angles 148a, 45 

l48b, 148c, with respect to a vertical direction of the 
apparatus 100. Each angle 148a, 148b, 148c can be equal to 
an integer multiple of the Venturi angle (e.g., an integer 
multiple of 15 degrees). 

In some implementations, a spacing between a top edge of 
a divergent blade of the divergent blades 132 of the stator 
124 and a bottom edge of a nearest convergent blade of the 
convergent blades 128 of the rotor 122 is equal to an integer 
multiple of a geometric ratio (e.g., the Golden Ratio) mul­
tiplied by a length of the divergent blade. FIG. 3 shows a 
schematic of an example of a divergent blade 132a of the 
divergent blades of the stator 124 oriented with respect to a 
convergent blade 128a of the convergent blades 128 of the 
rotor 122 for apparatus 100. For example, divergent blade 
132a has a length L and a spacing D between the top of 
divergent blade 132a and a nearest convergent blade 128a, 
such that D=L/(A *1.618), where A is an integer. Lengths of 
the divergent blades 132 and convergent blades 128 scale 
with the dimensions of the apparatus 100. In one example, 
given a divergent blade 132a with a length L=lO centime-
ters, a spacing D between divergent blade 302 and conver­
gent blade 128a can be selected using an integer multiple of 
1.618. In this example, if the integer multiple A=2, the 

In some implementations, a grille 150, shown in FIG. lA, 50 

is attached to a bottom portion of the apparatus 100, and can 
cover a portion or the entire bottom of the collector 112. The 
grille 150 can be used to prevent contamination (e.g., dust 
particles, waste from exhaust, etc.) from entering into the 
apparatus 100. 55 spacing D=3.09 centimeters. 

FIG. lB shows an external schematic of an example of an 
ambient air and thermal electricity-generation apparatus 
100. Housing 102 surrounds at least a portion of the appa­
ratus 100. Inlet channels 114 can be defined by a set of 
collector blades 118 positioned around the apparatus 100 60 

such that ambient air (e.g., wind) is funneled from the 
outside into the apparatus 100. 

FIGS. 2A-2F show schematics of various parts of an 
example ambient air and thermal electricity-generation 
apparatus 100. FIG. 2A shows an example cross-sectional 65 

view of the collector 112 and inlet channels 114 defined by 
collector blades 118 for apparatus 100. The nozzle 116 at the 

Example Process for Generating Electricity Using Appa-
ratus 

FIG. 4 is a schematic showing an airflow path through 
exemplary ambient air and thermal electricity-generation 
apparatus 100 A thermal gradient 402 is generated within the 
housing 102. In some implementations, the thermal gradient 
402 has a high temperature zone 402a and a low temperature 
zone 402b within the housing 102. The respective high and 
low temperature portions of the housing 102 depend in part 
on the location of the thermal salt 108 within the double­
walled portion of the housing 102. Pressure chamber 110 is 
established within the housing 102, at least in part, by the 
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related) and/or ambient air can be artificially derived (e.g., 
exhaust from an HVAC system or other exhaust-producing 
system). 

Airflow is also collected from a convection current of air 

thermal gradient 402. In some implementations, the pressure 
chamber 110 includes a high-pressure to low-pressure dif­
ferential, where a high pressure zone 406 is in a lower 
portion of the housing 102 and a low pressure zone 408 is 
in an upper portion of the housing 102. 

An air flow path 410 directs air from outside the device 
through inlet channels 114, past an outer wall of the collector 
112 into pressure chamber 110. Airflow path 412 directs air 
from below the apparatus 100 through an inner wall of the 
collector 112 into pressure chamber 110. Airflow paths 410 
and 412 lead to the pressure chamber 110, where airflow is 
directed from the airflow paths 410 and 412 through the 
pressure chamber 110 upwards past the conical nosepiece 
146 and into the turbine 120 before exiting the apparatus 100 
with an outlet airflow 414. 

5 rising from below the collector 112 through airflow path 412 
by the collector 112 (508). Convection currents of air can 
include building exhaust, geothermal exhaust, HVAC 
exhaust, or any similar heated airflow. In some implemen­
tations, a temperature of the convection currents of air 

10 collected by the collector 112 is a high temperature and an 
ambient temperature surrounding the housing 102 is a low 
temperature such that the heated air rises through the appa­
ratus 100. Further details regarding sources of convection 
currents are discussed in further detail with reference to FIG. 

15 6. 

In some implementations, a particular local direction of 
airflow through the turbine 120 region is determined in part 

Airflow is directed through airflow paths 410 and 412 to 
the pressure chamber 110 within the housing 102 (510). The 
airflows passing through the airflow paths 410 and 412 are 
directed by the collector 112 and the housing 102 towards, by a curvature of the respective blades at each stage of the 

turbine 120. For example, the divergent blades 132 of the 
stator 124 direct the airflow outwards towards the housing 
102 and the convergent blades 128 of the rotor 122 direct the 
airflow away from the housing 102 towards the center of the 
apparatus 100. 

20 and combined in, the pressure chamber 110. The pressure 
differential established by the thermal gradient 402 in part 
forces air flow from a bottom portion of the housing to an 
upper portion of the housing (e.g., flow of air from a 
high-pressure portion to a low-pressure portion). The com-

25 bined airflow is directed towards the turbine 120 where the FIG. 5 is a flow diagram of an example electricity 
generating process 500 by an ambient air and thermal energy 
electricity-generation apparatus 100. A thermal gradient 
(e.g., thermal gradient 402) is generated within the housing 
102 by a thermal salt 108 that contained within at least a 
portion of the double-wall portion 104 of the housing 102 30 

(502). The thermal gradient 402 can include a high tem­
perature zone 402a and a low temperature zone 402b. The 
temperature zones are determined at least in part by a 
location of the thermal salt 108 within the double-walled 

35 
portion 104 of the housing 102. A location and magnitude of 
a thermal gradient 402 can depend on a location and 
intensity of a thermal radiative source (e.g., the sun, an 
exhaust from an HVAC system). A position of the sun 
relative to the apparatus 100 can affect the location of the 40 

thermal gradient 402 within the apparatus. Additionally, the 
magnitude of the thermal gradient can depend on the inten­
sity of the thermal radiation of the sun (e.g., the ambient 
temperature, the duration of exposure to the sun, etc.). The 
magnitude of the thermal gradient can depend on a conver- 45 

sion efficiency of heat-to-energy storage (e.g., the phase 
transition) of the particular thermal salt used. 

A pressure chamber (e.g., pressure chamber 110) is estab­
lished within the housing 102 at least in part by the thermal 
gradient generated within the housing 102 (504). A magni- 50 

tude of the pressure differential (e.g., from high-pressure 
zone 406 to low pressure zone 408) within the pressure 
chamber 110 can depend in part on a magnitude of the 
thermal gradient 402. For example, a large thermal gradient 
402 within housing 102 results in a larger pressure differ- 55 

ential in the pressure chamber 110 than a small thermal 
gradient 402. In some implementations, a high-pressure 
differential in the pressure chamber 110 results in increased 
airflow past the turbine 120. 

Airflow is collected from ambient air surrounding the 60 

apparatus 100 through airflow path 410 by the collector 112 
that is coupled with the housing and inlet channels 114 
(506). The inlet channels 114 can be defined by collector 
blades 118 and can be positioned to pull ambient air moving 
in multiple directions outside the apparatus 100 into the 65 

collector 112 of the apparatus 100. In some implementa­
tions, ambient air can be naturally derived (e.g., weather 

conical nosepiece diverts the airflow around the stator 
assembly 144 and into the stages of blades of the stator 124 
and rotor 122. 

The airflow through the blades of the stator 124 is directed 
away from a central axis of the turbine 120 and towards the 
housing 102 by the curvature of the blades of the stator 124. 
Subsequently, the airflow through the blades of the rotor 122 
is directed toward the central axis of the turbine 120 and 
towards the axis defined by the crankshaft 138 by the 
curvature of the blades of the rotor 122. The respective 
curvatures of the blades of the stator 124 and the rotor 122 
is selected to maximize an amount of torque generated by 
the direction change of the airflow through the respective 
stages of the turbine 120. The torque generated by the 
airflow can then be used to generate electricity by the turbine 
120. 

Electricity is generated by a turbine (e.g., turbine 120) 
coupled to the housing 102 from the airflow received from 
the pressure chamber 110 within the housing 102 (512). As 
air flows past the blades of rotor 122, the rotor 122 is caused 
to rotate which turns the attached crankshaft 138. Crankshaft 
138 in tum is coupled to an electrical generator 140 (e.g., a 
set of magnets 134 and coils 136) which inductively gen­
erates electricity as the crankshaft rotates with respect to the 
stationary stator 124. 

In some implementations, the electrical generator 140 is 
electrically connected (e.g., by wire leads) directly or indi­
rectly to an energy storage device (e.g., a battery) and/or to 
an electrically-driven apparatus or device (e.g., a computer, 
HVAC, a water pump, etc.). A junction box and/or trans­
former can be electrically connected to the electrical gen­
erator to regulate power output of the apparatus 100. 

Example Operating Environments 
FIG. 6 shows an exemplary operating environment 600 of 

an ambient air and thermal electricity-generation apparatus 
100. In this example, apparatus 100 is installed on a portion 
of the roof of a building 604. Air inside the building 604 can 
flow towards apparatus 100 as indicated by arrows 606. The 
airflow indicated by arrows 606 can flow through one or 
more openings (e.g., vents) in the ceiling of building 604 
such that heated air rising within the building 604 can escape 
through the roof. As shown in FIG. 6, heat sources 610 
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inside the housing environment can include stovetop 610a, 
radiator 610b, light source 610c, human activity, and the 
like. Additionally, ambient air can flow towards apparatus 
100 as indicated by arrows 608, for example. A thermal 
energy source 612 (e.g., the Sun) can heat the building 604 
and the apparatus 100 such that thermal gradients are 
generated as discussed with reference to FIG. 4. The appa­
ratus 100 can collect airflow as indicated by arrows 606 and 
608 and generate electricity as described with reference to 
FIGS. lA-B, 4, and 5. 10 

12 
a turbine to generate electricity from air flow through the 

pressure chamber, the turbine being coupled with the 
housing and comprising a rotor and a stator, wherein 
the rotor comprises an aerodynamic rotor case and 
convergent blades around the aerodynamic rotor case, 
and the stator comprises an aerodynamic stator case 
and divergent blades around the aerodynamic stator 
case; 

wherein the double-walled section containing at least the 
thermal salt surrounds at least a portion of the collector, 
and the double-walled section containing at least the 
thermal salt surrounds at least a portion of the turbine. 

2. The apparatus of claim 1, wherein the turbine com­
prises two or more magnets and two or more coils oriented 

An ambient air and thermal electricity-generation appa­
ratus 100 can also be installed in other environments. For 
example, an ambient air and thermal electricity-generation 
apparatus 100 can be installed on the roof of a multi-level 
building, commercial building, residential building, factory, 
etc. In another example, an ambient air and thermal elec­
tricity-generation apparatus 100 can be installed over a 
geothermal vent such that the exhaust of the geothermal vent 

15 with respect to each other to generate the electricity as the 
rotor rotates with respect to the housing and the stator, and 
the two or more magnets and two or more coils are located 
within the aerodynamic stator case and are coaxial with the 
stator. is collected to generate electricity. The ambient air and 

thermal electricity-generation apparatus can be scaled for 20 

any application. For example, the ambient air and thermal 
energy electricity-generation apparatus can be used for 
small-scale installations (e.g., for a single-housing dwelling) 
and largescale installations (e.g., commercial). 

3. The apparatus of claim 1, wherein the divergent blades 
of the stator are a first number of blades, the convergent 
blades of the rotor are a second number of blades, the rotor 
is coaxial with the stator, and the first number and the second 
number are two sequential numbers in the Fibonacci 
sequence. 

4. The apparatus of claim 3, wherein the first number of 
blades is 8 blades, and the second number of blades is 13 
blades. 

5. The apparatus of claim 1, wherein the divergent blades 
30 of the stator are a first number of blades, the convergent 

blades of the rotor are a second number of blades, and a ratio 
of the second number of blades to the first number of blades 
ranges between 1.5-2.0. 

While this specification contains many specific imple- 25 

mentation details, these should not be construed as limita­
tions on the scope of any features or of what may be claimed, 
but rather as descriptions of features specific to particular 
embodiments. Certain features that are described in this 
specification in the context of separate embodiments can 
also be implemented in combination in a single embodi­
ment. Conversely, various features that are described in the 
context of a single embodiment can also be implemented in 
multiple embodiments separately or in any suitable subcom­
bination. Moreover, although features may be described 35 

above as acting in certain combinations and even initially 
claimed as such, one or more features from a claimed 
combination can in some cases be excised from the combi­
nation, and the claimed combination may be directed to a 
subcombination or variation of a subcombination. 

Similarly, while operations are depicted in the drawings in 
a particular order, this should not be understood as requiring 
that such operations be performed in the particular order 
shown or in sequential order, or that all illustrated operations 
be performed, to achieve desirable results. 

40 

6. The apparatus of claim 5, wherein a spacing between a 
top edge of a divergent blade of the divergent blades of the 
stator and a bottom edge of a nearest convergent blade of the 
convergent blades of the rotor is equal to a length of the 
divergent blade divided by an integer multiple of the Golden 
Ratio. 

7. The apparatus of claim 1, wherein the turbine com-
prises a crankshaft coupled with the rotor, and wherein the 
aerodynamic stator case contains an electric generator to 
generate the electricity, and the aerodynamic stator case also 
contains a gearbox coupling the crankshaft with the electric 

45 generator. 
8. The apparatus of claim 7, wherein gearing of the 

gearbox is selectable responsive to an estimate of airflow 
through the pressure chamber. 

9. The apparatus of claim 7, wherein gearing of the 
gearbox is selectable responsive to an estimate of a thermal 
gradient within the pressure chamber. 

Thus, particular embodiments of the subject matter have 
been described. Other embodiments are within the scope of 
the following claims. In some cases, the actions recited in 
the claims can be performed in a different order and still 
achieve desirable results. In addition, the processes depicted 50 

in the accompanying figures do not necessarily require the 
particular order shown, or sequential order, to achieve 
desirable results. In certain implementations, multitasking 
and parallel processing may be advantageous. 

10. The apparatus of claim 1, wherein a stator assembly 
comprises a conical nosepiece, and exterior walls of (i) the 
conical nosepiece, (ii) the stator case, and (iii) the rotor case, 

55 each form an angle with a vertical direction of the apparatus 
that is an integer multiple of 15 degrees. What is claimed is: 

1. An electricity generating apparatus comprising: 
a housing comprising a double-walled section containing 

at least a thermal salt to store heat so as to form a 
pressure chamber within the housing; 

a collector coupled with the housing and comprising two 
or more inlet channels and a nozzle, wherein the inlet 
channels are configured and arranged to direct ambient 
air into the pressure chamber within the housing, and 
the nozzle is configured and arranged to direct a 
convection current of air rising from below the appa­
ratus into the pressure chamber within the housing; and 

11. The apparatus of claim 10, wherein the housing has a 
hourglass shape, and wherein the doubled-walled section of 
the housing has interior walls that each form an angle that is 

60 an integer multiple of 15 degrees. 
12. The apparatus of claim 11, wherein the portion of the 

double-walled section of the housing containing thermal salt 
extends from a point below a smallest circumference of the 
hourglass shape of the housing to a point above the smallest 

65 circumference of the hourglass shape of the housing. 
13. The apparatus of claim 12, wherein the double-walled 

section containing at least a thermal salt is configured such 
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that heat is generated when solar radiation impinges upon 
the double-walled section of the housing and is stored in the 
thermal salt. 

14. The apparatus of claim 12, wherein the portion of the 
double-walled section containing the thermal salt is selected 
to generate a thermal gradient within at least a portion of the 
housing, and wherein the thermal salt is a Glauber's salt. 

15. The apparatus of claim 1, wherein the two or more 
inlet channels are defined by collector blades arranged and 
configured to form the two or more inlet channels. 

16. A method for generating electricity comprising: 
generating, by a thermal salt contained within a double­

walled section of a housing, a thermal gradient within 
the housing, the generating of the thermal gradient 
including: 
absorbing thermal energy by the thermal salt contained 

"'.ithin the double-walled section of the housing; 
stonng the thermal energy by the thermal salt through 

10 

15 

a first phase transition from a solid to a liquid; and 
releasing the stored thermal energy by the thermal salt 20 

through a second phase transition from liquid to 
solid; 

establishing, by the thermal gradient generated within the 
housing, a pressure chamber within the housing; 

14 
collecting, by a collector coupled with the housing and 

two or more inlet channels, ambient air from an ambi­
ent surrounding the housing; 

collecting, by the collector coupled with the housing and 
a nozzle, a convection current of air rising from below 
the collector; 

directing, by the collector, the two or more inlet channels 
and the nozzle, the collected ambient air and convec~ 
tion current of air into an air flow through the pressure 
chamber within the housing; and 

generating, by a turbine coupled with the housing and 
comprising a rotor and a stator, electricity from the air 
flow through the pressure chamber within the housing 
wherein the rotor comprises an aerodynamic rotor cas~ 
and convergent blades around the aerodynamic rotor 
case, and the stator comprises an aerodynamic stator 
case and divergent blades around the aerodynamic 
stator case, and wherein the double-walled section 
containing at least the thermal salt surrounds at least a 
portion of the collector, and the double-walled section 
containing at least the thermal salt surrounds at least a 
portion of the turbine. 

* * * * * 


	Bibliographic Data
	Abstract
	Drawing
	Description
	Claim

