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POWER GENERATION USING THERMAL
GRADIENTS MAINTAINED BY PHASE
TRANSITIONS

prises electrical energy. In addition to reneWing the heat
transport medium by inducing a reverse phase transition,
heat-transport medium lost in the phase transition may some

times be replaced.
BACKGROUND OF THE INVENTION

In some instances, a second heat-transport medium is also

provided in thermal communication With the thermodynamic

This application relates generally to power generation.

engine so that a phase transition may be induced in the second

More speci?cally, this application relates to the use of phase
transitions to maintain thermal gradients in poWer generation.
The use of thermodynamic techniques for converting heat
energy into mechanical, electrical, or some other type of
energy has a long history. The basic principle by Which such
techniques function is to provide a large temperature differ

heat-transport medium to enhance the temperature differen
tial. A thermal contribution to the temperature differential
from the phase transition in the second heat-transport
medium may be opposite in direction to a thermal contribu

tion to the temperature differential from the phase transition
in the second heat-transport medium.
The method may also make use of different types of phase
transitions. In one embodiment, the phase transition is
selected from the group consisting of a liquid-gas phase tran

ential across a thermodynamic engine and to convert the heat

represented by that temperature differential into a different
form of energy. Typically, the heat differential is provided by
hydrocarbon combustion, although the use of other tech

sition, a solid-liquid phase transition, and a solid-gas phase

niques is known. Using such systems, poWer is typically

transition. In another embodiment, the phase transition com

prises a transition betWeen polymorphs and/or allotropes of

generated With an ef?ciency of about 30%, although some
internal-combustion engines have ef?ciencies as high as 50%

20

by running at very high temperatures.

that may be used in different embodiments include Water and
cryogens.
In some embodiments, movement of the ambient environ
ment is induced to increase a rate of the phase transition. The

Conversion of heat into mechanical energy is typically
achieved using an engine like a Stirling engine, Which imple
ments a Carnot cycle to convert the thermal energy. The

mechanical energy may subsequently be converted to electri
cal energy using any of a variety of knoWn electromechanical
systems. Thermoelectric systems may be used to convert heat

the heat-transport medium. Examples of heat-transport media

25

ef?ciency of running the thermodynamic engine to convert
heat from the ambient environment into the nonheat form of
energy may sometimes be less than 10%.

into electrical energy directly, although thermoelectric sys
tems are more commonly operated in the opposite direction
by using electrical energy to generate a temperature differen

BRIEF DESCRIPTION OF THE DRAWINGS
30

tial in heating or cooling applications.
While various power-generation techniques thus exist in

A further understanding of the nature and advantages of the
present invention may be realized by reference to the remain

the art, there is still a general need for the development of
alternative techniques for generating poWer. This need is
driven at least in part by the Wide variety of applications that
make use of poWer generation, some of Which have signi?

ing portions of the speci?cation and the draWings Wherein
35

hyphen to denote one of multiple similar components. When

cantly different operational considerations than others.

reference is made to a reference numeral Without speci?ca
tion to an existing sublabel, it is intended to refer to all such

BRIEF SUMMARY OF THE INVENTION
40

tWo-piston Stirling engine;

tems for generating poWer from an ambient environment

FIG. 1E is a phase diagram shoWing the thermodynamic

through the use of thermodynamic engines. A thermody

operation of the Stirling engine;

namic engine is disposed in an ambient environment. The
45

medium that causes the temperature differential With the
ambient environment. The thermodynamic engine is run to
convert heat energy from the temperature differential With the
ambient environment into the nonheat form of energy. The

FIGS. 3A and 3B are schematics illustrating embodiments

of the invention for using thermal gradients maintained by
phase transitions in poWer generation;
50

FIG. 4 is a How diagram summarizing methods for gener

ating poWer in various embodiments;
FIG. 5 is a schematic illustration of the operation of a

thermodynamic engine in an embodiment;
55

heat-transport medium is reneWed by alloWing the ambient
environment to change conditions to induce a reverse phase

transition in the heat-transport medium, permitting the heat
transport medium to repeatedly or continuously undergo the
phase transition that causes the temperature differential With
the ambient environment.

FIGS. 2A-2D shoW different stages in the operation of a

displacer-type Stirling engine;

in the form of a temperature differential to a nonheat form of

energy. A heat-conduction assembly is also provided in the
ambient environment, the heat-conduction assembly com
prising a heat-transport medium in thermal communication
With the thermodynamic engine. Conditions in the ambient
environment induce a phase transition in the heat-transport

multiple similar components.
FIGS. 1A-1D shoW different stages in the operation of a

Embodiments of the invention provide methods and sys

thermodynamic engine is con?gured to convert heat provided

like reference numerals are used throughout the several draW
ings to refer to similar components. In some instances, a
sublabel is associated With a reference numeral and folloWs a

FIG. 6 provides a schematic illustration of a ?rst applica
tion of methods of the invention; and
FIG. 7 provides a schematic illustration of a second appli
cation of methods of the invention.
DETAILED DESCRIPTION OF THE INVENTION

60

Embodiments of the invention make use of phase transi
tions to maintain a thermal gradient in driving a thermody

Different types of thermodynamic engines may be used in
different embodiments. For instance, in one embodiment the

namic engine in poWer-generation applications. As used

thermodynamic engine comprises a Stirling engine and the

herein, a “thermodynamic engine” refers to any device or
system capable of converting thermal energy to a different

nonheat form of energy comprises mechanical energy. In

another embodiment, the thermodynamic engine comprises a
thermoelectric engine and the nonheat form of energy com

65

form of energy. Examples of thermodynamic engines include
engines like external and internal combustion engines that
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effect an energy conversion between mechanical energy and

The portion of the cycle to FIG. 1D is a counterpart to the

a temperature differential; and engines like thermoelectric,
pyroelectric, and therrnophotovoltaic engines that effect a

portion of the cycle betWeen the con?gurations of FIGS. 1A
and 1B, With both pistons 112 and 116 moving in concert to
maintain a substantially constant volume. In this instance,

conversion betWeen electrical energy and a temperature dif
ferential.
A Stirling engine is sometimes referred to in the art as an

hoWever, ?uid is forced in the other direction through the
regenerator 108, causing a decrease in temperature to Tc
represented by the vertical line in FIG. IE to point “D.”
During this part of the cycle, substantially the same amount of
heat QR absorbed during the transitionbetWeen FIGS. 1A and

“external combustion engine” and typically operates by bum
ing a fuel source to generate heat that increases the tempera
ture of a Working ?uid, Which in turn performs Work. The

1B is given up to the regenerator 108. The tWo constant

operation of one type of conventional Stirling engine is illus

volume transitions in the cycle accordingly have substantially

trated in FIGS. 1A-1E. Each of FIGS. 1A-1D shoWs the

no net effect on the heat-transfer characteristics of the pro

con?guration of the Stirling engine 100 at a different position

cess.

during a single cycle, With the engine 100 operating by chang

Finally, a return is made to the con?guration of FIG. 1A by

ing positions sequentially from FIG. 1A to FIG. 1D and then
returning to the con?guration shoWn in FIG. 1A. The phase
diagram shoWn in FIG. 1E also shoWs this cycle, but from the

moving the compression piston 116 upWards While maintain
ing the expansion piston 112 in a substantially ?xed position.
The resulting compression of the ?uid 104 is again substan
tially isothermic, as represented by the traversal along iso

perspective of relevant thermodynamic variables. The phase
diagram is a pressure-volume diagram, With pressure being

therm 128 at temperature Tc in FIG. 1E back to point “A.”

plotted on the ordinate and volume being plotted on the
abscissa. Relevant isotherms 124 and 128 are shoWn With
dotted lines.

20

ing ?uid as a result of contact of the ?uid 104 With the heat
sink.

The mechanical energy produced by the Stirling engine
100 is indicated by positions ofpistons 112 and 116. To use or
retain the energy, the pistons 112 and 116 may be connected

The net result of the cycle is a correspondence between (1)
the mechanical movement of the pistons 112 and 116 and (2)
25

to a common shaft that rotates or otherWise moves in accor

dance With the changes in piston positions that result from
operation of the engine 100. A con?ned space betWeen the
tWo pistons 112 and 116 is ?lled With a compressible ?uid
104, usually a compressible gas. The temperature difference
is effected by keeping one portion of the ?uid 104, in this

The type of Stirling engine illustrated in FIGS. 1A-1D is a
is sometimes referred to in the art as having an “alpha” con

?guration. Other con?gurations for Stirling engines may be
implemented that traverse a similar thermodynamic path
through the pressure-volume phase diagram of FIG. 1E. One

source and by keeping the other portion, in this instance the

alternative con?guration for a Stirling engine uses a dis
35

?guration. The fundamental principle of operation of the
displacer type of Stirling engine is the same as for the tWo
40

When the engine is in the position shoWn in FIG. 1A, the

implementing a Stirling engine, including arrangements that
are sometimes referred to in the art as having a “beta” con
45

?uid 104. During such a change, ?uid 104 passes through the
regenerator 108 from the cold side to the hot side. Heat QR
supplied by the regenerator 108 causes the ?uid to enter the
hot side at temperature Th. The constant volume of this part of
the cycle is represented by a vertical line in FIG. IE to point

?guration.
With the displacer-type of Stirling engine 200, ?uid 224

portion of the cycle from FIG. 1A to FIG. 1B, the expansion
piston 112 moves doWn at the same time that the compression
piston 116 moves up, maintaining a constant volume for the

piston type of Stirling engine in that thermal energy repre
sented by a temperature differential is converted to mechani
cal energy. Still other types of con?gurations may be used in

tions from one chamber to the other.

?uid 104 has a pressure and volume that correspond to point
“A” in FIG. 1E. In this phase diagram, isotherm 128 corre
sponds to a temperature Tc of the cold side and isotherm 124
corresponds to a temperature Th of the hot side. During the

placer-type of engine, an example of Which is illustrated
schematically in FIGS. 2A-2D. This type of con?guration is
sometimes referred to in the art as having a “gamma” con

are separated by a regenerator 108, Which permits appreciable
heat transfer to take place to and from the ?uid 104 during
different portions of the cycle described beloW. This heat
transfer either preheats or precools the ?uid 104 as it transi

the absorption of heat Qh at temperature Th and the rejection
of heat QC at temperature Tc. The Work performed by the
pistons 112 and 116 is accordingly WIIQFQCI.

tWo-piston type of Stirling engine. This type of con?guration

instance the portion on the left, in thermal contact With a heat
portion on the right, in thermal contact With a heat sink. With
such a con?guration, piston 112 is sometimes referred to in
the art as an “expansion piston” and piston 116 is sometimes
referred to as a “compressionpiston.” The portions of the ?uid

During this compression, heat QC is removed from the Work

50

that expands With a heat-energy increase is held Within an
enclosure that also includes a displacer 228. The ?uid 224 is
typically a gas. One or both sides of the engine 200 are
maintained in thermal contact With respective thermal reser
voirs to maintain the temperature differential across the

engine. In the illustration, the top of the engine 200 corre
sponds to the cold side and the bottom of the engine 200
corresponds to the hot side. A displacerpiston 204 is provided
55

in mechanical communication With the displacer 228 and a

“B”
The transition to the con?guration shoWn in FIG. 1C is

poWer piston 208 is provided in mechanical communication
With the ?uid 224. Mechanical energy represented by the

achieved by maintaining the compression piston 116 in a

motion of the poWer piston 208 may be extracted With any of
a variety of mechanical arrangements, With the draWing
explicitly shoWing a crankshaft 216 in mechanical commu
nication With both the displacer and poWer pistons 204 and
208. The crankshaft is illustrated as mechanically coupled
With a ?yWheel 220, a common con?guration. This particular

substantially ?xed position While moving the expansion pis
ton 112 doWnWards to increase the volume containing the
?uid 104. This causes the ?uid to undergo a substantially

60

isothermal expansion, as represented in the phase diagram by
a traversal along isotherm 124 to point “C.” During this
expansion, heat Qh is absorbed into the Working ?uid at tem
perature Th from the thermal contact of the ?uid 104 With the
heat source. The heat is turned into mechanical Work W

during this expansion.

mechanical con?guration is indicated merely for illustrative
65

purposes since numerous other mechanical arrangements Will
be evident to those of skill in the art that may be coupled With

the poWer piston 208 in extracting mechanical energy. In

US 7,810,330 B1
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these types of embodiments, the displacer 228 may also have

particularly including thermoelectric, pyroelectric, and ther

a regenerator function to permit heat transfer to take place to

mophotovoltaic engines may be used in alternative embodi

and from the ?uid 224 during different portions of the cycle.

ments.

It is noted that in the illustrated embodiment, the direct
crankshaft provides a displacer motion that is substantially
sinusoidal. More generally, a variety of alternative techniques
may be used to couple or decouple the motion of the displacer.
For instance, alternative displacer motions may be provided
through the use of Ringbom-type engines and free piston
designs, among others.
When the displacer Stirling engine 200 is in the con?gu

The Wavy arroWs emanating from the heat-transport
medium 308 in the draWing suggest a phase transition from a
liquidto a gas, but the invention is not limited to any particular

type of phase transition. Different types of phase transitions
may be used to remove energy from the heat sink in different
embodiments. For instance, in some alternative embodi
ments, a solid-liquid phase transition may be used or a solid

gas phase transition may be used. These types of phase tran

sitions are generally produced by appropriate combinations

ration shoWn in FIG. 2A, it has a thermodynamic state corre

of temperature and pres sure of the ambient environment 300
and different embodiments of the invention may use a variety

sponding to point “A” in FIG. 1E. Heating of the ?uid 224 on
the loWer side of the engine 200 causes the pressure to

increase, resulting in movement of the poWer piston 208

of different materials. Merely by Way of example, Water may
be used as the heat-transport medium 308, being provided

upWards as illustrated in FIG. 2B. This transition is repre
sented thermodynamically in FIG. 1E With a transition to
point “B.” With the ?uid 224 primarily in contact With the hot

initially in either its solid or liquid states, With the pressure
and temperature of the ambient environment 300 being such
that it melts or evaporates in maintaining the temperature

side of the engine, expansion of the ?uid 224 takes place to
drive the poWer piston 208 further upWards. This transition is

20

substantially isothermic and is illustrated in FIG. 1E With a

ture differentials.

transition to point “C,” corresponding to the arrangement
shoWn in FIG. 2C.

In FIG. 2C, expansion of the ?uid 224 has been accompa

25

nied by reverse motion of the displacer 228, causes more of
the ?uid 224 to come in contact With the cold side of the

engine 200 and thereby reduce the pressure. This is illustrated
in FIG. 1E With the transition to point “D,” corresponding to
the arrangement shoWn in FIG. 2D. Cooling of the ?uid 224

202 and decreases When the displacer 228 is in the bottom
portion of the enclosure 202. Mechanical energy is extracted
from the motion of the poWer piston 208, Which is preferably

90° out of phase With the displacer piston 204, although this

35

intended to refer to the overall environment Within Which the

40

conditions as the temperature, pres sure, humidity, and the like
of an environment Within Which thermodynamic engine 304

operates Will be substantially unaffected by operation of the
45

50

illustrative purposes; other types of thermodynamic engines,

some specialiZed applications to prepare an environment With
particular characteristics, such as Within a building or other
structure that has a controlled temperature and/or humidity,
such an environment is considered to be “ambient” only

Where it is substantially larger than the volume of heat-trans
port medium 3 08 and substantially unaffected by operation of
the thermodynamic engine 304. It is noted that this de?nition
55

of an “ambient” environment does not require a static envi

ronment. Indeed, conditions of the environment may change
as a result of numerous factors other than operation of the

differential being provided across the thermodynamic engine

not intended to be limited by the particular type of thermo
dynamic engine 304 that is used. While some of the discus
sion that folloWs explains operation in the context of a Stirling
engine like that described above, this is done merely for

engine 304. In many instances, the “ambient” environment
thus refers to the atmospheric environment Where the ther

modynamic engine 304 is disposed. While it is possible in

300 itself is used as the heat source, With a temperature

304 With a volume of heat-transport medium 308 disposed on
a heat-sink structure 310 that is in thermal communication
With the engine. In addition to acting as the heat source, the
ambient environment 300 has conditions that induce a phase
transition in the heat-transport medium 308. The invention is

the ambient environment 3 00 is large relative to the volume of
the heat-transport medium 308 such that the conditions of the
ambient environment are substantially unchanged by opera

tion of the thermodynamic engine 304. Speci?cally, such

the Peltier-Seebeck effect, Which relates temperature differ
entials to voltage changes. Other physical effects that may be
used in converting temperature differentials directly to elec
trical energy include thermionic emission, pyroelectricity,
and thermophotovoltaism. Indirect conversion may some
times be achieved With the use of magnetohydrodynamic
effects.
Embodiments of the invention dispose a thermodynamic
engine in an ambient environment as illustrated schematically
in FIG. 3A. In these embodiments, the ambient environment

line structure. Still other types of phase transitions that main
tain the temperature differential in accordance With condi
tions of the ambient environment 300 may be used in other
embodiments.
As used herein, the term “ambient” environment is

thermodynamic engine 304 operates. As such, the volume of

is not a strict requirement for operation of the engine.
Other types of thermodynamic engines make use of similar

types of cycles, although they might not involve mechanical
Work. For instance, thermoelectric engines typically exploit

In other embodiments, transitions betWeen different
molecular structures, particularly of solids, may be used in
maintaining the temperature differential. For example, tran
sitions betWeen polymorphs or allotropes may be induced by
conditions in the ambient environment 300, re?ected by tran
sitions betWeen tWo different crystalline structures of a solid
or transitions betWeen an amorphous structure and a crystal

induces a substantially isothermic contraction illustrated in
FIG. 1E With a return to point “A” and With the engine retum

ing to the physical con?guration shoWn in FIG. 2A.
This basic cycle is repeated in converting thermal energy to
mechanical energy. In each cycle, the pressure increases
When the displacer 228 is in the top portion of the enclosure

differential. In some instances, cryogens that have very loW

transition points may be used in generating greater tempera

thermodynamic engineithe temperature, humidity, and
60

other conditions may change as a result of regular diurnal
cycles, as a result of changes in local Weather patterns, and the
like.

65

prises air that is in motion, either as a result of natural air
motion patterns generated by Wind or the like or as a result of
an imposition of motion by a fan or similar device. Depending
on the speci?c nature of the phase transition being used to
maintain thermal gradients, this air motion may increase the

In some embodiments, the ambient environment 300 com

US 7,810,330 B1
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rate at Which the phase transition occurs and may simulta

provide acceptable poWer generation. The focus in the art has
conventionally been concentrated on the development of
high-e?iciency engines. While it remains true that higher
ef?ciencies are generally preferable to loWer e?iciencies, the
inventors have discovered compensatory advantages With
embodiments of the invention that have relatively loW e?i
ciency. In particular, the cost of providing a heat-transport
medium that permits extraction of energy from the ambient
environment may be substantially loWer than the cost of high

neously enhance Warming of the heat-source side of the ther

modynamic engine.
The basic principle of operation of the con?guration shoWn
in FIG. 3A is to remove energy from the heat-transport

medium 308 With the induced phase transition. The ambient
environment provides a heat source, providing the resultant
temperature difference to drive the thermodynamic engine for
extraction of energy E 312. This principle permits thermal
energy to be extracted from the ambient environment as long
as the conditions of that environment permit the phase tran
sition to maintain the temperature differential. In embodi
ments Where the ambient environment is the atmospheric
environment, the ultimate source of the energy 3 12 derived by
operation of the energy is direct or indirect solar energy.

ef?ciency engines, making the methods described herein

commercially practical.
This advantage is, moreover, enhanced in embodiments
Where the heat-transport medium is replenishable, as indi
cated at block 420. In some embodiments, continued or

A variation of this principle of operation is shoWn in FIG.

repeated running of the thermodynamic engine 304 may be

3B, Which makes use of a parallel structure on the hot side of

maintained by providing neW heat-transport medium to

the thermodynamic engine. In these embodiments, a heat

replace heat-transport medium consumed by the phase tran

source structure 314 supports a second heat-transfer medium

316 that undergoes a phase transition to provide a source of
heat. The ?rst and second heat-transfer media 308 and 316
may be selected so that conditions in the ambient environ

20

medium, thereby permitting the same mass of material to be

ment induce the respective phase transitions. For instance, the
?rst heat-transfer medium 3 08 might have a melting tempera
ture less than the ambient temperature and the second heat
transfer medium 316 might have a melting temperature
greater than the ambient temperature. Conditions in the ambi
ent Would then induce a melting of the ?rst heat-transfer
medium 308 to provide a heat sink and Would induce a freeZ
ing of the second heat-transfer medium 316 to provide a heat

reused repeatedly. This is particularly advantageous When
cyclic conditions of the ambient environment cause a reverse
25

30

source.

A general overview of methods of the invention is thus
provided With the How diagram of FIG. 4. As indicated at
block 404, a thermodynamic engine is disposed Within an
ambient environment. As previously noted, a variety of dif
ferent types of thermodynamic engines may be used in dif

35

engines, pyroelectric engines, and thermophotovoltaic
engines providing speci?c examples. A heat-transport
40

Alternatively or in addition, a phase-change medium may

50

mental conditions that may combine effectively in producing
such a scheme. One example is Where the cycle is a daily cycle
that has a ?rst portion When temperatures are high and a

second portion When temperatures are loW, permitting the use
of a heat-transport medium that undergoes a solid-liquid

phase transition during the ?rst portion and a liquid-solid

phase transition during the second portion. Another example
is an industrial process that has steps that produce differing

55

levels of Waste heat at different steps of the process, Which can
similarly be used to effect a phase transition in a material that
is used to drive a thermal engine during one step of the

60

process, With the material being returned to a different phase
during a subsequent step of the process.
Illustrations of hoW the ef?ciencies affect poWer genera
tion may be considered With reference to FIG. 5. In this

de?ne the directionality of the phase transition.

illustration, the thermodynamic engine is a Stirling engine
504, the heat-transport medium 508 is liquid Water disposed

electrical, or some other form of nonheat energy. In some

embodiments, the ef?ciency With Which this conversion is

performed is relatively loW, being less than 25%, less than
20%, less than 15%, less than 10%, less than 5%, less than
art of thermodynamic engines, ef?ciencies at this level have
frequently been dismissed as being insu?iciently effective to

phase While the thermodynamic engine is dormant. This pre
pares the system for subsequent poWer generation When the

are various combinations of phase transitions and environ
45

2%, or less than 1% in various different embodiments. In the

maintained as the heat-transport medium undergoes a transi
tion from a ?rst phase to a second phase. This is folloWed by
a second portion of the cycle When conditions in the ambient
environment have changed so that the heat-transport medium
undergoes a transition from the second phase back to the ?rst

ambient environment cycles back to conditions similar to

across the thermodynamic engine. As previously noted, Water
or other materials that undergo liquid-gas, solid-liquid, or
solid-gas phase transitions may be used, as may materials that
undergo amorphous-crystalline phase transitions or transi
tions betWeen different crystalline states.

The thermodynamic engine is run at block 416 With the
temperature differential to convert heat energy to mechanical,

running in reverse and thereby returning heat to the ambient
environment.
Thus, during a ?rst portion of a cycle, conditions in the
ambient environment Would be such that the thermodynamic

those that existed during the ?rst portion of the cycle. There

induced at block 412 to produce a temperature differential

be provided to provide a heat source, as illustrated in FIG. 3B
above. Such embodiments permits a realiZation of embodi
ments in Which different phase changes are effected With
different phase-transition media to provide heat as Well as
remove heat. It also permits a realiZation of embodiments in
Which a particular phase change may be used both as a heat
source and as a heat sink in the system under conditions that

phase transition of the heat-transport medium. During this
period, the thermodynamic engine may be prevented from

engine operates to generate poWer from thermal gradients

ferent embodiments, With Stirling engines, thermoelectric
medium is provided in thermal communication With the ther
modynamic engine at block 408. There is considerable vari
ety in the speci?c materials that may be used as the heat
transport medium, provided that a phase transition can be

sitions. In other embodiments, the replenishment may be
achieved by restoring a prior state of the heat-transport

65

on the heat-sink substrate 510, With the arrangement main
taining the cold side of the Stirling engine 504 at a tempera
ture of 285 K by evaporation, and the ambient environment
512 is air at 300 K at sea level. The ambient air 512 has a

molecular density

US 7,810,330 B1
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In this type of arrangement, liquid acts as the heat-transport

medium, and may be replenished by providing additional
liquid for consumption by the integrated system. The inte

6.023 X 1023 moecules/mole
2 240 104
3/ 1
: 2.69><1Olg molecules/cm3.
.

><

cm

grated system may advantageously be deployed in an attic or
other hot environment that permits establishing a relatively
large temperature differential With the ambient environment.

mo e

With a heat capacity c of l.38l><l0_23 J/(molecule K), the

Example No. 2

energy of the air 512 at 300 K is

(300 K)>< (1.381 X 10*23

molecule- K

In a second example, a poWer generation system makes use
of a material that may undergo structural transitions betWeen
a crystalline state and an amorphous state in response to

)= 4.143>< 10*21 .I/molecule.

temperature changes. This is illustrated schematically in FIG.
7, in Which the material 704 is in thermal contact With a

thermodynamic engine 708. During a daily cycle, changes in

Therefore, a 1 cm3 of air 512 at 300 K as illustrated in FIG. 5
has

the ambient temperature induce structural changes, With the
material shoWn in different amorphous states in elements

(269x10l9 molecules)>< (4. 143x l0’21 J/molecule)

704-1 and 704-3, and shoWn in a crystalline state in element

:0.1114 J

704-2. During daylight hours, the thermodynamic engine 708

of energy. If the Stirling engine 504 acts as a perfect Carnot
heat pump Without air circulation, about 5% of the source
air’s energy is transferred to the heat sink 508. The volume of
air needed to generate l kWh is thus

20

to the crystalline state, permitting energy E 712 to be gener
ated as described above. During nighttime hours, the thermo
dynamic engine 708 remains dormant as the material reverts
25

V _

1 kWh

_ (0.1114 .I/cm3) ><Efficiency

= 646 m3.

35

This amount of air corresponds to air movement of about 300
cfm.

Example No. 1
40

a sWamp cooler is a type of air conditioner that is used to cool

comprising a heat-transport medium in thermal commu
nication With the thermodynamic engine, Wherein con
50

55

ronment into the nonheat form of energy; and

reneWing the heat-transport medium by alloWing the ambi
ent environment to change conditions to induce a reverse

phase transition in the heat-transport medium, Whereby

evaporative cooling that takes place Within the sWamp cooler
608 thus provides a phase transition from liquid to gas that
60

engine 604 or other thermodynamic engine. A conduit 624 or
other mechanism for providing thermal communication

the heat-transport medium may repeatedly or continu
ously undergo the phase transition that causes the tem
perature differential With the ambient environment.
2. The method recited in claim 1 Wherein the thermody

namic engine comprises a Stirling engine and the nonheat

betWeen the sWamp cooler 624 and a sink side 628 of the

may be redirected back to the sWamp cooler to drive the
internal fans or other mechanisms.

ditions in the ambient environment induce a phase tran
sition in the heat-transport medium that causes the

temperature differential With the ambient environment;
running the thermodynamic engine to convert heat energy
from the temperature differential With the ambient envi

sWamp cooler outputting cooled air 620 that has a higher
humidity than the ambient air taken into the system. The

engine 604 is thus provided. The engine 604 operates as
described above, outputting energy E 632, some of Which

differential to a nonheat form of energy;

providing a heat-conduction assembly disposed in the
ambient environment, the heat conduction assembly

A sWamp cooler 608 acts by intaking Warm, dry air 616
from the ambient environment and evaporating liquid sup
plied by a liquid source 612. Evaporative cooling of the liquid

may be used to drive a temperature difference of a Stirling

claims.
What is claimed is:
1. A method for generating poWer from an ambient envi

to convert heat provided in the form of a temperature
45

taneously.

may be aided With internal mechanisms such as a fan, With the

be most advantageous in cooler environments, although the
ef?ciency of the poWer-generation system Will depend on the
speci?c materials properties of the material 704 used.
Thus, having described several embodiments, it Will be
recogniZed by those of skill in the art that various modi?ca
tions, alternative constructions, and equivalents may be used
Without departing from the spirit of the invention. Accord
ingly, the above description should not be taken as limiting
the scope of the invention, Which is de?ned in the folloWing

ronment, the method comprising:
providing a thermodynamic engine in the ambient environ
ment, Wherein the thermodynamic engine is con?gured

In a ?rst example, a poWer generation system made in
accordance With an embodiment of the invention is integrated
With a sWamp cooler. As is known to those of skill in the art,

cially effective in areas that have a hot, dry atmosphere. One
con?guration is illustrated schematically in FIG. 6. This illus
tration provides an example of a combined system that might
be deployed to cool a building and generate electricity simul

to an amorphous form, permitting it to be used again during
daylight hours for poWer generation.
In this type of arrangement, replenishment is thus provided
by the natural phase changes in the material 704 induced by
environmental conditions. Deployment of such a system may

30

buildings, usually in dry climates. The mechanism of opera
tion uses evaporative cooling, making sWamp coolers espe

may be driven by the phase change from the amorphous state

65

form of energy comprises mechanical energy.
3. The method recited in claim 1 Wherein the thermody
namic engine comprises a thermoelectric engine and the non
heat forrn of energy comprises electrical energy.

US 7,810,330 B1
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4. The method recited in claim 1 further comprising replac

14. The system recited in claim 13 Wherein the thermody

ing heat-transport medium lost in the phase transition.

namic engine comprises a Stirling engine and the nonheat

5. The method recited in claim 1 Wherein the phase transi
tion is selected from the group consisting of a liquid-gas

form of energy comprises mechanical energy.
15. The system recited in claim 13 Wherein the thermody
namic engine comprises a thermoelectric engine and the non
heat forrn of energy comprises electrical energy.
16. The system recited in claim 13 Wherein the phase
transition is selected from the group consisting of a liquid-gas
phase transition, a solid-liquid phase transition, and a solid
gas phase transition.
17. The system recited in claim 13 Wherein the phase
transition comprises a transition betWeen polymorphs and/or

phase transition, a solid-liquid phase transition, and a solid
gas phase transition.
6. The method recited in claim 1 Wherein the phase transi
tion comprises a transition betWeen polymorphs and/ or allo

tropes of the heat-transport medium.
7. The method recited in claim 1 Wherein the heat-transport
medium comprises Water.
8. The method recited in claim 1 Wherein the heat-transport

allotropes of the heat-transport medium.

medium comprises a cryogen.
9. The method recited in claim 1 further comprising induc
ing movement of the ambient environment to increase a rate

18. The system recited in claim 13 Wherein the heat-trans

port medium comprises Water.
19. The system recited in claim 13 Wherein the heat-trans
port medium comprises a cryogen.
20. The system recited in claim 13 further comprising

of the phase transition.
10. The method recited in claim 1 Wherein an e?iciency of

running the thermodynamic engine to convert heat from the
ambient environment into the nonheat form of energy is less
than 10%.
11. The method recited in claim 1 further comprising:
providing a second heat-transport medium in thermal com

munication With the thermodynamic engine; and
inducing a phase transition in the second heat-transport

20

the thermodynamic engine in converting heat from the ambi
25

medium to enhance the temperature differential.
12. The method recited in claim 11 Wherein a thermal
contribution to the temperature differential from the phase
30

ential from the phase transition in the second heat-transport
medium.

means for converting heat provided in the form of a tem

ronment, the system comprising:
35

vided in the form of a temperature differential to a non

heat forrn of energy;
a heat-conduction assembly disposed in the ambient envi
ronment, the heat-conduction assembly comprising a
heat-transport medium in thermal communication With

sition in the heat-transport medium and thereby provide
the temperature differential; and

ment.

temperature differential; and
means for replenishing the heat-transport medium to
induce a reverse phase transition in the heat-transport
medium in response to changed conditions in the ambi

ronment acts thermodynamically to induce a phase tran

ent environment, Whereby the heat-transport medium
may repeatedly undergo the phase transition that causes
the temperature differential With the ambient environ

perature differential to a nonheat form of energy;
means for providing a heat-transport medium in thermal
communication With the means for converting heat,
Wherein the means for providing and the means for
converting heat are disposed in the ambient environ
ment, Which acts thermodynamically to induce a phase

transition in the heat-transport medium to provide the
40

the thermodynamic engine, Wherein the ambient envi

a reneWal mechanism for the heat-transport medium to
induce a reverse phase transition in the heat-transport
medium in response to changed conditions in the ambi

23. A system for generating poWer from an ambient envi

ronment, the system comprising:

13. A system for generating poWer from an ambient envi

a thermodynamic engine con?gured to convert heat pro

ent environment into the nonheat form of energy is less than
10%.
22. The system recited in claim 13 further comprising a

second heat-transport medium in thermal communication
With the thermodynamic engine, Wherein the second heat
transport medium undergoes a phase transition to enhance the
temperature differential.

transition in the second heat-transport medium is opposite in
direction to a thermal contribution to the temperature differ

means for inducing movement of the ambient environment to
increase a rate of the phase transition.
21. The system recited in claim 13 Wherein an ef?ciency of

45

ent environment, Whereby the heat-transport medium
may repeatedly undergo the phase transition that causes
the temperature differential With the ambient environ
ment.

24. The system recited in claim 23 further comprising
50

means for inducing movement of the ambient environment to
increase a rate of the phase transition.
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