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Air Conditioning System With Discharged Heat

Driving Compression of System Refrigerant

Technical Field

[0001] The present embodiments relate to air conditioning systems and are more

particularly directed to such systems that use heat energy transferred from a system to drive

all, or part, of the refrigeration compression requirements.

Background Art

[0002] By way of background, a type of conventional prior art air conditioning system is

shown in Figure 1 and generally at 10. System 10 typically include four primary elements,

namely, an evaporator 12 (sometimes part of an air exchanger 12a), a compressor 14, a

condenser 16, and a metering device 18. A line 20 is in fluid communication between these

elements and carries a refrigerant, where the refrigerant changes phase based on its location

along the line and the conditions at that location. Typically, the various elements of system

10 are in different physical locations relative to the building (or vehicle) to which they are

providing cooling. For example, air exchanger 12a (and its evaporator) is usually located in a

building space that is not typically accessed by occupants, such as in the attic of a house. As

another example, compressor 14 and condenser 16 are typically outside of the building, for

purposes of noise reduction and also so as to dispel heat from the system, as further described

below.

[0003] The operation of system 10 in general as follows. Refrigerant flows through line

20, and for sake of example consider the direction of flow as clockwise as shown by an arrow

in Figure 1. For example, refrigerant in a relatively cool and liquid phase enters evaporator

12; at the same time, indoor air is inlet, in response to a circulation created by a fan 12b, into

heat exchanger 12a so that the air passes over or by line 20 as that line communicates

refrigerant through evaporator 12. In this manner, heat from the relatively warmer inlet air is

transferred into the refrigerant (i.e., removed from the inlet air), so the outlet air is cooler than

the inlet air - the relatively cooler outlet air may then be distributed to the home or other

building by ducts or the like (not shown) to cool, so as to improve comfort in that building

with which system 10 is associated. Note also that the addition of heat to the refrigerant via

evaporator 12 causes the refrigerant to experience a phase change from a liquid to a vapor.



[0004] The vapor from evaporator 12 continues along line 20 to an inlet of compressor

14. Compressor 14, driven by a motor M that is typically electrically-sourced, compresses the

vapor, thereby increasing both its pressure and temperature. A typical compressor may

include some type of cylinder chamber to compress the vapor in this regard, where the motor

M drives a mechanism, such as a shaft, to cause a piston within the cylinder to reciprocate and

thereby compress the vapor. In any event, the compressed, higher temperature, higher

pressure vapor is then output from an outlet of compressor 14.

[0005] The compressed, higher temperature, higher pressure vapor from compressor 14 is

received from line 20 at an inlet 16i of condenser 16, which typically also has an associated

fan 16a. Fan 16a circulates air across condenser 16, and that air along with the typical

structure or coiling of the condenser removes heat from the vapor and thus causes it to

condense, thereby causing the vapor that was inlet to experience a phase change to liquid, at a

relatively high pressure. Note also therefore that warm air is discharged from the area of

condenser 16 in response to fan 16a and the condensing effect of the vapor in line 20. As

noted above, typically condenser 16 is located outside, so that this warm air discharge is away

from the home and does not further burden or otherwise affect the home, system 10, or the

home occupants. In any event, the high pressure liquid is then output from an outlet 160 of

condenser 16.

[0006] The high pressure liquid from outlet 160 of condenser 16 continues along line 20

to an inlet of metering device 18, which typically includes some type of appropriately sized

valve and or tube and is sometimes referred to as a backpressure or refrigeration valve.

Metering device 18 thereby reduces the pressure of the liquid refrigerant, and as a result also

reduces its temperature, while further limiting the flow rate into evaporator 12. Thus, the

output of metering device 18 toward evaporator 12 is a relatively lower temperature, lower

pressure liquid refrigerant that then enters evaporator 12, whereby the above process repeats

so that such liquid refrigerant may carry heat away from the air introduced by inlet to air

exchanger 12a.

[0007] The above approach of system 10 has been prolific in homes and other structures

for many decades and has proven quite beneficial to mankind, particularly in warmer

environments. Various improvements have been made to the elements of system 10, with

various goals in making such improvements. One very important aspect of system 10 has

been and is the amount of energy used to drive the system. As society has advanced, energy



consumption and use have been offered to have more and more significance not only to

people, but also to the entire planet. Thus, there is a growing if not imperative need to

improve efficiencies of system 10 or comparable air conditioning systems, and the preferred

embodiments are directed to this endeavor, as further discussed below.

Disclosure of Invention

[0008] In a preferred embodiment, there is an air conditioning system. The system

comprises apparatus for circulating a refrigerant in a path, and this apparatus comprises

apparatus for compressing the refrigerant and generating heat in the refrigerant. The system

further comprises apparatus for providing a driving force to the apparatus for compressing in

response to the generated heat.

[0009] Other embodiments and aspects are also disclosed and claimed.



Brief Description Of Drawings

[0010] Figure 1 illustrates a simplified general diagram of a prior art air conditioning

system.

[0011] Figure 2 illustrates a preferred embodiment air conditioning system.

[0012] Figure 3 illustrates a first alternative preferred embodiment air conditioning

system.

[0013] Figure 4 illustrates a second alternative preferred embodiment air conditioning

system.

[0014] Figure 5 illustrates a third alternative preferred embodiment air conditioning

system.



Best Mode for Carrying Out the Invention

[0015] Figure 1 was described in the earlier Background Of The Invention section of this

document and the reader is assumed to be familiar with the details presented in that

description.

[0016] Figure 2 illustrates an air conditioning system 100 according to a preferred

embodiment. System 100 includes various apparatus that are comparable to system 10

discussed above in connection with Figure 1, and for sake of assisting the reader those

apparatus use a same reference number as in Figure 1, but with the number 100 added thereto.

Thus, in general the reader familiar with Figure 1 should readily appreciate, in Figure 2,

evaporator 112, compressor 114 driven by a motor M, metering device 118, and the flow of

refrigerant in line 120. A refrigerant, which in one preferred embodiment may be propane, or

in other embodiments may be selected by one skilled in the art, is circulated through these

apparatus which are all in fluid communication with one another via line 120. Additionally,

these apparatus may be modified further so as to facilitate improved or ideal operation with

the remaining apparatus of system 100, as further described below. Note also that the

apparatus of system 100 are intended as a general example of any air conditioning system that

implements a refrigerant to cool air; as such, system 100 also may be the components in a so-

called heat pump, when those components are operated to move refrigerant in a manner so as

to remove heat from air inside a structure. Thus, the present inventive scope is intended to

include such other refrigerant systems as a type of air conditioning system. Lastly, note that

preferred air conditioning systems of the present inventive scope may be in various different

structures, including buildings and homes, but also as may be implemented or modified into

others as well (e.g., vehicles).

[0017] System 100 of Figure 2 further includes a sub-system 121, which as further

appreciated herein uses heat, preferably generated from the operation of other apparatus in

system 100, to generate a mechanical force to provide or supplement compression of the

refrigerant in line 120. In this regard, sub-system 121 circulates what is referred to herein as

an energy recovery fluid through a line 122 and in response to that fluid provides a

mechanical force to a second compressor 124, which in the illustrated embodiment is shown

in parallel with compressor 114. This parallel configuration is intended to illustrate, and as

further demonstrated later, that either or both of compressors 114 and 124 are in fluid

communication with line 120, and therefore either or both of those compressors 114 and 124



may draw in the refrigerant from that line, compress it, and exhaust the compressed

refrigerant further along line 120. Note that compressor 124 (and 114) may be one of various

types of apparatus either known in the art or ascertainable by one skilled in the art and that

operates to provide a compression process; for example, such compressors can include

centrifugal, positive displacement, scroll type, or screw type. Also, while not shown,

additional metering and/or valves or the like may be included to support this parallel

connection. In any event, in that sub-system 121 generates a mechanical force to provide or

supplement compression of the refrigerant in line 120, the coupling of this mechanical force is

shown via a rotating shaft member 126 coupled to and for operating, or more particularly

driving, the compression operation of compressor 124, where rotating shaft member 126 is

driven by an expansion motor 128. Expansion motor 128 is preferably a mechanical

apparatus with an inlet 128; and an outlet 1280 that are in fluid communication with the

energy recovery fluid line 122, and such that an expansion process is realized by motor 128 in

that a differential pressure across it is converted into a mechanical force. Thus, motor 128

may be one of various types of apparatus either known in the art or ascertainable by one

skilled in the art and that operates to provide an expansion process; for example, such

apparatus can include positive displacement or turbine apparatus. In any event, motor 128

provides a mechanical force, where in the illustrated example the force is a rotating force.

More particularly in the illustrated embodiment, the expansion process is in response to vapor

passing in inlet 128;, which drives motor 128 and in response experiences a pressure drop so

that a lower pressure vapor passes from outlet 1280. Thus, in one sense or in a physical

embodiment, expansion motor 128 may include a cylinder (or more than one cylinder) with a

reciprocating piston, and appropriately timed valves, such that the relatively higher pressure

vapor from inlet 128; drives downward the piston in one stroke and is exhausted from the

cylinder to outlet 1280 in another stroke as the piston rises. More generally, therefore, motor

128 represents an expansion process whereby a positive displacement engine (or turbine)

creates rotation, typically coupled to a shaft, in response to a pressure differential. Thus,

motor 128 rotates shaft 126 which in turn also drives compressor 124 so that it may compress

refrigerant in line 120, while at the same time motor 128 outputs a reduced pressure vapor to

line 122 and further along sub-system 121, in a direction which in Figure 2 is illustrated as

clockwise. Lastly, note that while compressor 114 and compressor 124 are shown

diagrammatically as separate apparatus in Figure 2, one skilled in the art may implement a

more unitary device whereby a single compressing structure is used, but is driven in one



instance by motor M as its energy source and in other instance by a force (e.g., rotating) from

sub-system 121 as its energy source, with appropriate adjustment, clutching, or other

mechanisms for regulating the timing of which source is used at a given time and/or whether

at times both sources may be shared at an adjustable level as between those sources.

[0018] Continuing with sub-system 121, the reduced pressure vapor from outlet 1280 of

motor 128 is input to a condenser 130, which operates in combination with a fan 130a and in a

manner comparable to the condensing function described earlier with respect to system 10.

Thus, fan 130a moves air across condenser 130, and that air along with the typical structure

(e.g., coiling) of the condenser removes heat from the vapor and thereby causes it to

condense, thereby causing the vapor that was inlet to experience a phase change to liquid.

The resulting liquid is then output from an outlet of condenser 130.

[0019] Continuing with sub-system 121, the resulting liquid output from condenser 130 is

connected to an inlet of a pump 132. In a preferred embodiment, pump 132 is electrically

driven, but only requires sufficient horsepower to circulate the energy recovery fluid along

line 122 of sub-system 121; therefore, this horsepower will be significantly smaller than say,

that horsepower required to collectively drive compressors 114 and 124. Thus, as further

appreciated later, the electricity required to drive the horsepower of pump 132 is far less than

it would be to provide the horsepower out of compressor 114, were the latter singularly

responsible to compress the refrigerant of line 120. In any event, pump 132 advances the

energy recovery fluid in its liquid phase in line 122 from the pump input to the pump output,

again in the clockwise direction for the illustrated example, thereby providing an increased

pressure liquid in sub-system 121.

[0020] Continuing with sub-system 121, the increased pressure liquid is provided to an

inlet 134; of a heat exchanger 134. In general, heat exchanger 134 exchanges heat from the

refrigerant in line 120 to the energy recovery fluid in line 122. Toward this end, a condensing

portion 134c of heat exchanger 134 is in fluid communication with line 120 (as shown to the

left of that device), and that portion provides, in part, a condensing function in that it removes

heat from refrigerant in line 120 as it passes through heat exchanger 134. In addition, heat

exchanger 134 is in fluid communication with line 122 (as shown to the right of that device),

and that portion provides, in part, a boiler function in that it receives heat from refrigerant in

line 120 as it passes through heat exchanger 134 and couples that heat to the energy recovery

fluid in line 122. Therefore, shown to the left in Figure 2 with respect to heat exchanger 134



is a condensing function consistent with prior art air conditioning, but to the right in Figure 2

with respect to heat exchanger 134 is a heat collection or boiler function, in that there is a

transfer of heat as a result of higher temperature fluids (i.e., the left in Figure 2) with lower

temperature fluids (i.e., the right in Figure 2) so that heat is added to energy recovery fluid in

line 122. Notably, therefore, where the prior art exhausts the heat from its condensing

function (see, e.g., condenser 16 in Figure 1), typically outside and in a manner to treat such

heat as undesirable, the preferred embodiment recognizes this low grade heat source and uses

it beneficially as further detailed herein. In this regard, recalling that inlet 134; of exchanger

134 receives a relatively higher pressure liquid, then the addition of heat thereto, from heat

exchanger 134, causes the energy recovery fluid to experience a phase change from a liquid to

a vapor, while also having higher heat than the liquid received at inlet 134;. This higher

temperature vapor is then output from exchanger 134 via outlet 1340.

[0021] Completing the energy recovery fluid loop path of sub-system 121, outlet 1340

communicates its higher temperature vapor to inlet 128; of motor 128. Recall from above that

motor 128 operates in response to the pressure of such vapor to achieve an expansion process

event, that is, the pressurized inlet vapor is used to drive an apparatus (e.g., piston(s),

turbine(s)) so as to provide a resulting force (e.g., rotating force), thereby producing that force

as a mechanical output while outletting the inlet vapor at a reduced pressure as compared to

the inlet vapor. Again, in the preferred embodiment of Figure 2, the mechanical output force

is used to drive shaft 126, while the outlet reduced pressure vapor continues along line 122

and is further cycled as described above.

[0022] From the above, one skilled in the art may now recognize that system 100 includes

two separate fluid paths, a first path shown generally along line 120 and a second path along

line 122. The first path removes heat from air so as to provide a cooling effect to the air, as

generally consistent with a traditional air conditioning system in many respects; however, this

path is augmented, in connection with the second path. More particularly, the second path

collects heat from the first path, and uses that heat to supply a compression force in the first

path. Remarkably, therefore, whereas the prior art operates to discard low grade heat from a

system, such as typically by locating its condenser (e.g., condenser 16) outdoors, the preferred

embodiment of Figure 2 instead collects a portion, and ideally the majority, of heat dispelled

from the first path and uses such heat in a novel manner to ultimately generate a mechanical

compressing force for the first path. In a preferred embodiment, this latter functionality is



achieved by including in the second path an energy recovery fluid that is affected by heat

from the first path so as to provide an expansion process event, the event thereby driving a

motor 128 which provides a mechanical operational force (e.g., rotates a shaft 126 or provides

some other driving force, such as a reciprocating force) to further drive a compressor 124, the

latter of which is associated with the first path. Thus, in typical operation of system 100, an

energy source (e.g., electricity) first drives motor M of compressor 114 so as to compress

refrigerant in line 120, but as heat develops in that line 120, the heat is transferred to line 122

and its potential energy is captured to return a driving force to compressor 124, which may

therefore provide its own compression of refrigerant in line 120, thereby augmenting the

compression required of compressor 114. In other words, under certain conditions, once

sufficient heat is generated in system 100, compressor 124 may provide compression in line

120, thereby reducing the energy (e.g., electricity) needed during that time to drive

compressor 114. Under these conditions, it is possible therefore that electricity is required to

drive the relatively low horsepower requirements of pump 132, whereas the much higher

horsepower requirements of compressor 124 are achieved or partially achieved by mechanical

force resulting from the low grade heat source that is provided by heat exchanger 134. Under

these conditions, the ability to reduce the electrical energy needed to drive compressor 114

could have a profound impact on the efficiency of energy consumption of system 100, as

instead of requiring a precious energy source such as electricity, and all that is entailed in its

generation, distribution, and consumption, system 100 instead uses what heretofore was

exhausted low grade heat, now via exchanger 134, as an energy source that is converted into a

drive force for compression in line 120. Based on adjustments that may be made to system

100, its apparatus, and the fine tuning of various parameters, the impact of these changes may

prove quite profound, if not fundamentally transformative in air conditioning as well as the

consumption and resulting waste involved with planetary resources.

[0023] Figure 3 illustrates an air conditioning system 100AI according to an alternative

preferred embodiment. System 100AI includes in general the same apparatus as the preferred

embodiment system 100 in Figure 2 . However, some of the system 100AI apparatus could be

further modified based on temperature and pressure changes that may arise in view of the one

additional apparatus in system 100AI as compared to system 100, namely, that system 100AI

includes an additional heat exchanger 140 coupled in fluid communication with line 120, as

further detailed below.



[0024] More specifically in system I OOAI , heat exchanger 140 is configured to provide an

additional heat source to the refrigerant in line 120, where again the refrigerant therein may be

chosen by one skilled in the art and may be propane. In the preferred embodiment of system

I OOAI , therefore, heat exchanger 140 is physically located in an area that provides ambient

heat, such as within the attic of a building that has its air cooled by system I OOAI- A S a result,

and preferably in cooperation with a fan 140a, the ambient heat is directed toward the vapor

that is communicated by line 120 through heat exchanger 140, thereby adding heat to that

vapor. This addition may further improve the net results of operation of system IOOAI as

compared to system 100 in that additional heat energy is added in order to significantly

improve the net resulting work energy available for the compression process in line 120, as

further explored below.

[0025] One skilled in the art can recognize that the additional heat added to refrigerant in

line 120 by heat exchanger 140 will necessarily cause a higher temperature vapor to enter

compressors 114 and 124 in system IOOAI , as compared to system 100. Note that adding heat

to a vapor that is to be inlet to an air conditioning compressor is contended to be quite

contrary to conventional air conditioning systems that seek to have lower temperature inputs

to the compressor. In any event, as a consequence of the Figure 3 preferred embodiment, the

output of either, or both, of these compressors 114 and 124 also will be higher in temperature

in system I OOAI , as compared to system 100. Next, therefore, the relatively higher

temperature compressed vapor, in system IOOAI , passes to the condenser portion of heat

exchanger 134, and, therefore, the relatively larger temperature causes a greater amount of

heat to transfer from the refrigerant in line 120 to the energy recovery fluid in line 122, as

compared to the amount of heat transferred with system 100. As a further consequence,

therefore, the vapor at outlet 1340 in system I OOAI will be at a higher temperature (and

pressure) than in system 100, thereby providing a greater pressure potential for the differential

drop to occur across expansion motor 128; in other words, by adding additional heat to line

120, that added heat in system IOOAI results in a greater pressure available to drive expansion

motor 128, thereby rendering its available mechanical output energy as greater via shaft 126

to compressor 124 than in system 100. Indeed, with further advancements in certain

considerations, the added pressure in line 122 might be sufficient to use that energy recovery

fluid to drive, via fluid communication, an additional generator in parallel with motor 128 (not

shown), whereby the energy (e.g., electricity) from the additional generator is stored in a



battery or otherwise used real time either with system IOOAI (e.g., to drive pump 132) or to

supply other apparatus.

[0026] An additional benefit of the use in system I OOAI of a higher temperature

refrigerant in line 120 (from heat exchanger 140), and the corresponding higher temperature it

causes in the vapor in and out of the energy recovery fluid in line 122 through expansion

motor 128, is that a sufficient outlet temperature of expansion motor 128 is desirable to

support a selection of certain types of energy recovery fluids. More specifically, in either

preferred embodiment of system 100 or system I OOAI , t has been determined in connection

with the inventive scope that propane (not to be confused with that in line 120) may have

favorable properties to serve as the energy recovery fluid, and while other refrigerants also

may be usable in line 122, propane in some embodiments may be preferred considering for

example its characteristics in supporting the proper phase changes (i.e., vapor pressure) in

sub-system 121. In this regard, a sufficient temperature (e.g., 90 °F) may be sought at the

outlet 1280 of expansion motor 128, and the additional heat from exchanger 140 in system

I OOAI may well serve to better ensure such a temperature. Thus, with this heat, the use of

propane may be better supported as the energy recovery fluid in sub-system 121, thereby

making available its favorable properties to properly assure the operation described herein. In

addition, propane is readily available and reasonable in cost. However, alternative fluids in

line 122 are recognized within the present inventive scope, as the choice thereof will be based

on the desired pressures and temperatures at different locations in line 122 as well as the

energy transfer between line 120 and line 122.

[0027] Figure 4 illustrates an air conditioning system 100A2 according to another

alternative preferred embodiment. System 100A2 includes much of the same apparatus as the

preferred embodiment system IOOAI n Figure 3, and for such apparatus like reference

numbers are carried forward from Figure 3 to Figure 4 . In system 100A2, however, metering

device 118 is replaced with an energy exchange device 150 that is operable to translate a

pressure drop of the flow through it into a mechanical operational (e.g., rotational) force; such

a device is sometimes referred to commercially as an "energy exchange pump." Energy

exchange device 150 has an inlet 150i and an outlet 150o that are in fluid communication with

line 120, such that the differential pressure across device 150 is converted into a mechanical

driving force. This mechanical force is shown via a rotating shaft member 152 coupled to,

and for operating, or more particularly driving, a supplemental pump 132s. Looking more



particularly to supplemental pump 132s, it is located in sub-system 121 and connected in

parallel to pump 132, that is, line 122 is connected to an inlet of pump 132s and to an outlet of

pump 132s such that pump 132s, as a supplement to pump 132, advances the energy recovery

fluid in its liquid phase in line 122 from the pump input to the pump output, again in the

clockwise direction for the illustrated example, thereby providing an increased pressure liquid

in sub-system 121, as also further described below.

[0028] The general operation of system 100A2 should be understood by one skilled in the

art given the earlier embodiments, and thus, primarily aspects pertaining to the additional

apparatus in Figure 4 are now described. In general, as with systems 100 and IOOAI , above,

heat generated in line 120 is transferred to an energy recovery fluid in line 122, from which an

expansion event is realized so as to provide an operational force back to a compressor 124 in

communication with line 120. Looking to the changes in system 100A2 over the others,

energy exchange device 150 translates the pressure differential of fluid in line 120 and across

it into a force that can be used to supplement sub-system 121. More particularly, energy

exchange device 150 rotates shaft 152 which in turn drives pump 132s, the latter of which

advances the energy recover fluid in line 122. As a result, the net effect of energy exchange

device has at least two benefits. First, energy exchange device 150 provides some power to

drive the circulation of the energy recovery fluid in line 122. Second, the work energy

extracted by energy exchange device 150 from the refrigerant in line 120 lessens the energy

transferred into the refrigerant in line 120, thereby allowing a larger percentage of the

refrigerant to remain liquid during the expansion process - in other words, as known in the

refrigeration art, a goal is to pass to an evaporator a greater amount of liquid in the circulating

mixture, and in the present embodiment the mixture of vapor and liquid as it passes through

energy exchange device 150 provides a greater percent of liquid to evaporator 112, as

compared to refrigerant that flows through metering device 118 in Figure 2 . Indeed, model

simulations have thusly shown a measurable increase in refrigeration duty for a given size

compressor. This, in um therefore, reduces the compression power required of compressors

114 and 124, thereby further improving efficiency.

[0029] Figure 5 illustrates an air conditioning system 100A3 according to another

alternative preferred embodiment. System 100A3 includes the same apparatus as the preferred

embodiment system IOOAI Figure 3, and with the addition of one additional aspect in the

form of a solar collector 160 (or more than one solar collector) located in sub-system 121.



Solar collector 160 may take various forms, with a contemporary and favorable example

including vacuum tube technology. Solar collector 160 is coupled so as to provide solar-

collected heat into the energy recovery fluid of line 122 and, therefore, is diagrammatically

shown connected in two different locations to line 122. In a preferred embodiment, these

couplings are in parallel with the inlet 134i and outlet 1340 of heat exchanger 134, where as a

result heat exchanger 134 imparts heat to the fluid in line 122, while at the same time solar

collector 160 also imparts heat to the fluid in line 122. Note also that while Figure 5

illustrates the addition of solar collector 160 to system 100AI of Figure 3, it likewise could be

added to system 100 of Figure 2, system 100A2 of Figure 4, or other systems consistent with

the teachings herein.

[0030] The general operation of system 100A3 also should be understood by one skilled in

the art given the earlier embodiments, with again heat generated in line 120 transferred to an

energy recovery fluid in line 122, an expansion event realized in sub-system 121, and an

operational force provided back to a compressor 124 in communication with line 120.

Looking to the addition of solar collector 160 in system 100A3, this aspect couples solar heat

into the energy recovery fluid in line 122, with it preferred that the temperature added via the

solar collector 160 to the fluid in line 120 is consistent with the expansion process of

expansion motor 128. As a result, the additional heat increases the drive capability realized

by expansion motor 128 and provided to second compressor 124. Thus, in addition to the

energy transferred from line 120 to sub-system 121, system 100A3 includes additional

apparatus for adding heat into line 122. A s a result, while the energy provided from heat in

line 120 is anticipated to drive a significant portion of the required air conditioning

compressive load, an external source of energy in sub-system 121 (e.g., solar energy, via

collector 160) may allow system 100A3 to operate with even further reduced electrical needs

(e.g., a reduction in the electricity, if any, needed to drive motor M of compressor 114).

Indeed, in the example of Figure 5, an abundantly and freely available non-electrical energy

source (i.e., the sun) is used in lieu of more costly obtained energy (i.e., electricity) otherwise

required to contribute to the overall operation of system 100A3-

[0031] From the above, the preferred embodiments provide air conditioning systems and

more particularly such systems that use heat energy transferred from the system to drive all, or

part, of the refrigeration compression requirements. In the illustrated embodiments, a separate

expansion process apparatus (e.g., motor 128) is shown coupling rotational force, via a shaft



126, to a separate compressor 124; however, also envisioned within the inventive scope is the

incorporation of portions or all of this apparatus into fewer or even a singular apparatus, and

indeed these apparatus also may be incorporated into a singular or unitary device along with

compressor 114. In any event, the inventive scope contemplates a methodology of operation

of a system that at start-up uses some energy source, such as electricity, that commences

operation and flow of refrigerant in line 120, but as heat is added to that refrigerant (e.g., from

ambient indoor or attic air) then such heat will be transferred to the energy recovery fluid of

sub-system 12 1, which from that energy, and possibly with supplemental heat (e.g., solar),

will begin and continue to supplement, augment, or replace the energy needed to drive

compressor 114 by instead using the heat-derived force to drive compressor 124 (or

compressor 114, separately, or as a unitary device). Beyond this, while the present

description does not explicitly describe system startups, installation, refrigerant charging,

shutdowns, process safety, instrumentation, controls, and other process elements necessary for

the successful performance of the system, such considerations should be ascertainable by one

skilled in the art. Moreover, while various alternatives have been provided according to

preferred embodiments, still others are contemplated and yet others may be ascertained by

one skilled in the art. For example, although a single stage system is described, the inventive

scope extends to multistage refrigeration systems and other like variations (e.g. systems with

"economizers" and the like). In any event, as described above with respect to system 100,

system IOOAI , system 100A2, and system 100A3 , and other modifications thereto by one skilled

in the art, the preferred embodiments may have numerous and even profound benefits as

compared to prior art systems. Given the preceding, therefore, one skilled in the art should

further appreciate that while the present embodiments have been described in detail, various

substitutions, modifications or alterations could be made to the descriptions set forth above

without departing from the inventive scope, as is defined in part by claims below.



CLAIMS

1. An air conditioning system, comprising:

apparatus for circulating a refrigerant in a path, comprising apparatus for compressing

the refrigerant and generating heat in the refrigerant; and

apparatus for providing a driving force to the apparatus for compressing in response to

the generated heat.

2 . The system of claim 1 wherein the apparatus for providing a driving force

comprises expansion apparatus for providing the driving force to the apparatus for

compressing, in response to the generated heat.

3 . The system of claim 2 and further comprising apparatus for coupling heat

from the path to a path in which the expansion apparatus is coupled.

4 . An air conditioning system, comprising:

a first set of apparatus comprising apparatus for compressing a refrigerant and

removing heat from air;

a second set of apparatus comprising expansion apparatus for providing an operational

force to the apparatus for compressing; and

apparatus for coupling heat from the first set of apparatus to the second set of

apparatus, wherein the coupled heat increases pressure of a fluid associated with the second

set of apparatus and the fluid is for realizing a pressure differential for operating the expansion

apparatus.

5 . The system of claim 4 wherein the second set of apparatus further comprises

apparatus for transferring solar heat to the fluid associated with the second set of apparatus.

6 . The system of claim 4 :

wherein the first set of apparatus comprises a first circulating fluid path; and

wherein the second set of apparatus comprises a second circulating fluid path.

7 . The system of claim 6 wherein the first circulating fluid path comprises

propane.



8. The system of claim 6 wherein the second circulating fluid path comprises

propane.

9 . The system of claim 4 wherein the expansion apparatus comprises a positive

displacement motor.

10. The system of claim 4 wherein the expansion apparatus comprises a turbine.

11. The system of claim 4 wherein the apparatus for compressing a refrigerant is

for compressing in response to electricity in a first instance and in response to the operational

force in a second instance.

12. The system of claim 4 wherein the apparatus for compressing a refrigerant

comprises:

a first compressor responsive to electricity for compressing the refrigerant; and

a second compressor responsive to the operational force for compressing the

refrigerant.

13. The system of claim 4 wherein the apparatus for compressing a refrigerant

comprises a compressor responsive to both electricity for compressing the refrigerant and to

the operational force for compressing the refrigerant.

14. The system of claim 4 wherein the first set of apparatus comprises:

a first heat exchanger for coupling heat from air to a refrigerant that flows through the

first set of apparatus; and

a second heat exchanger for coupling heat from air to a refrigerant that flows through

the first set of apparatus.

15. The system of claim 4 wherein the first set of apparatus is part of a heat pump

system.



16. The system of claim 4 wherein the operational force comprises a rotating

force.

17. The system of claim 16 wherein the rotating force is provided to the apparatus

for compressing a refrigerant.

18. The system of claim 4:

wherein the second set of apparatus comprises a pump for circulating a fluid along a

path in the second set of apparatus; and

wherein the first set of apparatus comprises an energy exchange device for providing

an operational force to the pump in response to a change in pressure of refrigerant circulating

in the first set of apparatus.

19. The system of claim 4 wherein the second set of apparatus further comprises

apparatus for transferring solar heat to a fluid circulating along a path in the second set of

apparatus.

20. A method of operating an air conditioning system, comprising:

circulating a refrigerant in a path, the circulating comprising compressing the

refrigerant and generating heat in the refrigerant; and

supplying a driving force, for the compressing, in response to the generated heat.

21. The method of claim 20 wherein the step of supplying a driving force

comprises operating expansion apparatus for supplying the driving force to apparatus for

performing the compressing step, in response to the generated heat.

22. The method of claim 2 1 and further comprising coupling heat from the path to

a path in which the expansion apparatus is coupled.



AMENDED CLAIMS
received by the International Bureau on 27 February 201 3 (27.02.201 3)

23. A system for producing cooled air, wherein at least a portion of the

cooled air is re-circulated, comprising:

a first set of apparatus in fluid communication along a first line for

carrying refrigerant, the first set of apparatus comprising:

a first heat exchanging apparatus for transferring heat from the

re-circulated air to refrigerant in the first line;

a second heat exchanging apparatus for transferring heat, having

a higher temperature than the re-circulated air, to refrigerant in the first line; and

apparatus for compressing the refrigerant in the first line;

and

a second set of apparatus in fluid communication along a second line for

carrying an energy recovery fluid, the second set of apparatus comprising:

a third heat exchanging apparatus for transferring heat from the

refrigerant in the first line to the energy recovery fluid in the second line; and

expansion apparatus, operationally responsive to pressure of the

energy recovery fluid in the second line, to provide an operational force to the

apparatus for compressing the refrigerant in the first line.

24. The system of claim 23 wherein the second heat exchanging apparatus

is for transferring heat comprising heat from a natural source.

25. The system of claim 23 wherein the second heat exchanging apparatus

is for transferring heat comprising solar heat.

26. The system of claim 25 wherein the solar heat comprises heated air

located in a non-air conditioned location in a residential structure.

27. The system of claim 26 wherein the heated air located in a non-air

conditioned location in a residential structure comprises heated air located in a

residential structure attic.



28. The system of claim 23 wherein the second heat exchanging apparatus

is for transferring heat comprising heat from a non-combustible source.

29. The system of claim 23 :

wherein the first set of apparatus further comprises condensing apparatus for

causing a phase change of the refrigerant in the first line from a vapor to a liquid; and

wherein the condensing apparatus communicates heat from the refrigerant in

the first line to the third heat exchanging apparatus.

30. The system of claim 23 wherein the first heat exchanging apparatus is

for causing a phase change of the refrigerant in the first line from a liquid to a vapor.

31. The system of claim 30 wherein the second heat exchanging apparatus

is for transferring sufficient heat into the vapor so as to cause, via the third heat

exchanging apparatus, at least a 90 degree Fahrenheit temperature of the energy

recovery fluid in the second line.

32. The system of claim 23 wherein the apparatus for compressing receives

the refrigerant in the first line, in a vapor phase, coming from the second heat

exchanging apparatus.

33. The system of claim 23 wherein the second set of apparatus further

comprises apparatus for transferring solar heat to the energy recovery fluid.

34. The system of claim 23 wherein the refrigerant comprises propane.

35. The system of claim 23 wherein the energy recovery fluid comprises

propane.



36. The system of claim 23 :

wherein the refrigerant comprises propane; and

wherein the energy recovery fluid comprises propane.

37. The system of claim 23 wherein the apparatus for compressing

comprises compressor apparatus responsive to both electricity for compressing the

refrigerant and to the operational force for compressing the refrigerant.

38. The system of claim 23 wherein the first set of apparatus is part of a heat

pump system.

39. The system of claim 23 :

wherein the second set of apparatus comprises a pump for circulating a fluid

along the second line; and

wherein the first set of apparatus comprises an energy exchange device for

providing an operational force to the pump in response to a change in pressure of

refrigerant circulating in the first set of apparatus.



40. A method of operating a system for producing cooled air, wherein at

least a portion of the cooled air is re-circulated, comprising:

circulating a refrigerant through a first set of apparatus in fluid

communication along a first line for carrying the refrigerant, the first set of apparatus

comprising:

a first heat exchanging apparatus for transferring heat from the

re-circulated air to refrigerant in the first line;

a second heat exchanging apparatus for transferring heat, having

a higher temperature than the re-circulated air, to refrigerant in the first line; and

apparatus for compressing the refrigerant in the first line;

and

circulating an energy recovery fluid through a second set of apparatus in

fluid communication along a second line for carrying the energy recovery fluid, the

second set of apparatus comprising:

a third heat exchanging apparatus for transferring heat from the

refrigerant in the first line to the energy recovery fluid in the second line; and

expansion apparatus, operationally responsive to pressure of the

fluid in the second line, to provide an operational force to the apparatus for

compressing the refrigerant in the first line.
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