
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(10) International Publication Number
(43) International Publication Date

26 August 2010 (26.08.2010) WO 2010/094118 Al

(51) International Patent Classification: AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
F04B 9/12 (2006.01) FOlK 7/00 (2006.01) CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,

DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(21) International Application Number: HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,

PCT/CA20 10/0002 16 KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,

(22) International Filing Date: ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,

23 February 2010 (23.02.2010) NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,

(25) Filing Language: English TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(26) Publication Language: English (84) Designated States (unless otherwise indicated, for every

(30) Priority Data: kind of regional protection available): ARIPO (BW, GH,

61/154,699 23 February 2009 (23.02.2009) US GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,

(71) Applicant (for all designated States except US): TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
NOVOPOWER LTD. [CA/CA]; 326 St. Joseph Blvd. ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
East, Suite 1, Montreal, Quebec H2T 1J2 (CA). MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, SM,

TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
(72) Inventors; and ML, MR, NE, SN, TD, TG).
(75) Inventors/Applicants (for US only): STROGANOV,

Valeri [CA/CA]; 1555 Suinmerhill Avenue, Apt. 402, Published:
Montreal, Quebec H3H 1C3 (CA). RAPHALS , Philip — with international search report (Art. 21(3))
[CA/CA]; 5714 Waverly Street, Montreal, Quebec H2T
2Yl (CA). — before the expiration of the time limit for amending the

claims and to be republished in the event of receipt of
(74) Agent: MBM INTELLECTUAL PROPERTY LAW amendments (Rule 48.2(h))

LLP; 270 Albert Street, Ottawa, Ontario KlP 5G8 (CA).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,

(54) Title: PRESSURIZED-GAS POWERED COMPRESSOR AND SYSTEM COMPRISING SAME



PRESSURIZED-GAS POWERED COMPRESSOR AND SYSTEM
COMPRISING SAME

FIELD OF THE INVENTION

[0001] The present invention pertains in general to the field of pressurized-gas

powered equipment, such as steam-powered equipment and more specifically a

pressurized gas powered compressor and a system for extracting work using same.

BACKGROUND

[0002] Heat engines, such as steam engines, have long been used for converting heat

energy into mechanical output. For example, Worthington steam pumping engines, for

example as described in "The Worthington Steam Pumping Engine: History of its

Invention and Development," by H . R . Worthington, New York, 1887, may utilize a

steam-driven piston for pumping water. Other reciprocating engines are also known for

producing pumping action of pistons using steam power, for example as described in

"Practical Handbook on Direct-Acting Pumping Engine and Steam Pump Construction,"

by P. R . Bjorling, London and New York, 1889. Such pumps typically pump water via

pumping action of a piston by pushing water out of a cylinder, the piston driven by a

steam-driven piston. However, reciprocating steam pumps based on these designs are

often heavy, inefficient and costly, and ill adapted for performing forms of work other

than the pumping of liquids.

[0003] Another type of steam engine is a steam-driven turbine, which may be used for

extracting power from superheated steam. However, turbines typically require dry, and

generally superheated steam, provided to the turbine under precisely controlled

conditions. These constraints limit their usefulness, for example in systems where only

wet saturated steam is available, or where the steam supply is irregular.

[0004] A number of other steam engines have been developed in recent years, which

attempt to efficiently generate rotary motion from wet saturated steam. However, many

of these are not well adapted to the production of electricity, given the torque and

rotational speeds required of a generator for efficient electricity generation.



[0005] The uses of low and medium pressure saturated steam are largely limited to

space and water heating. These uses fail to exploit the full potential of such steam for

producing useful power. For example, residual heat from industrial processes is

typically used for heating purposes, rather than for providing mechanical or electrical

power.

[0006] Therefore there is a need for a new device and system that can extract desired

useful work from pressurized gas such as wet saturated steam.

[0007] A number of systems have also been developed in recent years composed of

turbines driven by the vapour of a low-boiling point (LBP) working fluid ("Organic

Rankine cycle turbines"). These systems are capable of extracting useful work from a

heat source of relatively low temperature. However, they are subject to the same

constraints as other turbines, and as a result their capital and operating costs are often

too high for many applications.

[0008] There is thus also a need for a new device and system that can extract useful

work from relatively low-temperature heat sources, without the costs and operational

constraints associated with Organic Rankine Cycle turbines.

[0009] This background information is provided to reveal information believed by the

applicant to be of possible relevance to the present invention. No admission is

necessarily intended, nor should be construed, that any of the preceding information

constitutes prior art against the present invention.

SUMMARY OF THE INVENTION

[0010] An object of the present invention is to provide a pressurized gas powered

compressor and a system comprising same. In accordance with an aspect of the present

invention, there is provided a system for extracting work using a pressurized gas

powered compressor, the system comprising: a compressor powered by a pressurized

gas, the compressor comprising an output circuit configured to operate compressively on

an output fluid supplied thereto; a pressurized gas input system configured to provide

the pressurized gas for powering the compressor; an exhaust system configured to



convey spent gas from the compressor; and a work extraction system configured to

extract work from the compressor at least in part via said output fluid.

[0011] In accordance with another aspect of the present invention, there is provided a

compressor powered by a pressurized gas, comprising: an input circuit configured to

channel the pressurized gas through two or more input piston-cylinder assemblies,

wherein each input piston-cylinder assembly is configured to expel spent gas after use;

an output circuit including two or more output piston-cylinder assemblies, each output

piston-cylinder assembly including an intake valve for entry of fluid and an output valve

for exit of compressed fluid; a transfer system configured to transfer force generated in

the input piston-cylinder assemblies onto the output piston-cylinder assemblies; a return

system configured to facilitate a return stroke of at least a first one of the input piston-

cylinder assemblies following a power stroke thereof; a timing system configured to

control input and exhaust of the pressurized gas from the input piston-cylinder

assemblies; and a distribution system operatively coupled to the timing system, to the

pressurized input system, and to the input circuit, the distribution system configured to

cooperatively provide pressurized gas to the input piston-cylinder assemblies.

BRIEF DESCRIPTION OF THE FIGURES

[0012] Figure 1 illustrates a cross-section of a pressurized gas powered compressor

according to one embodiment of the present invention.

[0013] Figure 2 illustrates an isometric cross-section of a piston of the pressurized gas

powered compressor of Figure 1, in accordance with an embodiment of the present

invention.

[0014] Figure 3 illustrates a cross-section of an output cylinder fitted with an integrated

bidirectional check valve in accordance with an embodiment of the present invention.

[0015] Figure 4 illustrates an isometric cross-section of a timing system, composed of a

crankshaft, gearbox and related elements of the pressurized gas powered compressor of

Figure 1, in accordance with an embodiment of the present invention.



[0016] Figure 5 illustrates a detailed, partially exploded, isometric view of the valve

body of the distribution system of the pressurized gas powered compressor of Figure 1,

in accordance with an embodiment of the present invention.

[0017] Figure 6 illustrates a view of the assembled valve body and valve body housing

of the distribution system of a pressurized gas powered compressor, in accordance with

an embodiment of the present invention.

[0018] Figure 7 illustrates a secondary sealing assembly of the valve body housing of

the distribution system of a pressurized gas powered compressor, in accordance with an

embodiment of the present invention.

[0019] Figure 8 illustrates a system for extracting work from pressurized gas, using a

pressurized gas powered compressor, in accordance with embodiments of the present

invention.

[0020] Figure 9A illustrates a configuration for driving a pressurized gas powered

compressor using residual steam, in accordance with an embodiment of the present

invention.

[0021] Figure 9B illustrates a configuration for driving a pressurized gas powered

compressor using steam generated using one or more heat sources, in accordance with

an embodiment of the present invention.

[0022] Figure K)A illustrates a configuration for producing compressed air using a

pressurized gas powered compressor, in accordance with an embodiment of the present

invention.

[0023] Figure K)B illustrates a configuration for producing motive force using a

pressurized gas powered compressor, in accordance with an embodiment of the present

invention.

[0024] Figure K)C illustrates a configuration for producing electricity using a

pressurized gas powered compressor, in accordance with an embodiment of the present

invention.



[0025] Figure 11 illustrates a system for producing electricity from solar energy using

a pressurized gas powered compressor, in accordance with an embodiment of the present

invention.

[0026] Figure 12 illustrates a system for extracting electricity from biomass

combustion using a pressurized gas powered compressor, in accordance with an

embodiment of the present invention.

[0027] Figure 13 illustrates a system for extracting electricity from solar energy,

biomass combustion, or a combination thereof, using a pressurized gas powered

compressor, in accordance with an embodiment of the present invention.

[0028] Figure 14 illustrates a system for extracting electricity from an industrial heat

source using a pressurized gas powered compressor, in accordance with an embodiment

of the present invention.

[0029] Figure 15 illustrates a system for extracting motive force from an industrial

heat source using a pressurized gas powered compressor, in accordance with an

embodiment of the present invention.

[0030] Figure 16 illustrates a system for producing compressed air from residual

steam using a pressurized gas powered compressor, in accordance with an embodiment

of the present invention.

[0031] Figure 17 illustrates a system for pumping water using solar energy using a

pressurized gas powered compressor, in accordance with an embodiment of the present

invention.

[0032] Figure 18 illustrates a pressurized gas powered compressor having four piston-

cylinder assemblies, in accordance with an embodiment of the present invention.

[0033] Figure 19 illustrates a piston-cylinder assembly having its axis offset from the

axis of a crankshaft, in accordance with an embodiment of the present invention.



DETAILED DESCRIPTION OF THE INVENTION

Definitions

[0034] The term "pressurized gas" is used to define a gas with a pressure greater than

atmospheric pressure, which may or may not be later condensed to a liquid state.

[0035] The term "spent gas" is used to define a pressurized gas which has lost some or

all or its pressure, and which may or may not have partially converted to a liquid state.

[0036] The term "condensate" is used to define a portion of spent gas which has

converted to a liquid state.

[0037] The term "working fluid" is used to define a fluid that, when heated, converts

from a liquid to a gaseous state, and which when in a gaseous state may exert pressure

upon a piston within a cylinder.

[0038] The term "compression" is used to define the application of pressure to a fluid.

In the case of a compressible fluid such as air, this pressure results in compression, as

commonly understood. In the case of an incompressible fluid, such as hydraulic fluid, it

results in the displacement of said fluid within a confined channel, such as a hydraulic

circuit.

[0039] The term "compressed fluid" is used to define a compressible or

incompressible fluid upon which pressure has been exerted by a piston within a cylinder.

[0040] As used herein, the term "about" refers to a +/-10% variation from the nominal

value. It is to be understood that such a variation is always included in a given value

provided herein, whether or not it is specifically referred to.

[0041] Unless defined otherwise, all technical and scientific terms used herein have

the same meaning as commonly understood by one of ordinary skill in the art to which

this invention belongs.

[0042] Aspects of the present invention provides a device which uses the pressure of a

pressurized gas, which may comprise a heated working fluid in a gaseous state, to

displace a piston in an input circuit, which in turn displaces a piston in an output circuit,

thereby compressing a compressible fluid or displacing an incompressible fluid.



[0043] Aspects of the present invention provide a compressor powered by a

pressurized gas. The compressor comprises an input circuit configured to channel the

pressurized gas through two or more input piston-cylinder assemblies, wherein each

input piston-cylinder assembly is configured to expel spent gas after use. The

compressor further comprises an output circuit including two or more output piston-

cylinder assemblies, each including an intake valve and an output valve allowing the exit

of compressed fluid. In some embodiments, a dimension ratio between the input piston-

cylinder assemblies and the output piston-cylinder assemblies is selected to provide a

desired pressure on a recipient fluid in the output piston-cylinder assemblies. The

compressor further comprises a return system configured to return pistons to their

starting positions following a power stroke. For example, each input piston may be

returned to a starting position by action of the return system. The return system may

also be configured to return output pistons to their starting positions. For example, the

return system may be configured to return an input piston and an output piston to their

corresponding starting positions, wherein the input piston and output piston are coupled

together, for example via a transfer system. The compressor further comprises a transfer

system configured to transfer force generated in the input piston-cylinder assembling

onto the output piston-cylinder assemblies, and a timing system configured to control

input and exhaust of the pressurized gas from the input piston-cylinder assemblies. The

compressor further comprises a distribution system operatively coupled to the timing

system, a pressurized gas reservoir and the input piston-cylinder assemblies, the

distribution system configured to cooperatively provide pressurized gas to the input

piston-cylinder assemblies.

[0044] In some embodiments, the pressure in the output circuit depends at least in part

on the pressure of the pressurized gas and the ratio between the square of the diameters

of the input and output cylinders, minus frictional losses. The output pressure can be

equal to, less than or greater than the pressure of the pressurized gas, depending on the

relative diameters of the input and output cylinders.

[0045] In some embodiments, the pressurized gas powered compressor is operated in a

horizontal position with a slight incline allowing condensate to be expelled from the

input cylinders through a steam trap at the end of each return stroke.



[0046] According to embodiments of the present invention, an application of a

pressurized gas powered compressor is to produce compressed air by the means of steam

or another pressurized vapour or gas. This pressurized vapour or gas can consist of

residual low-grade steam or can be generated at least in part using heat from a variety of

heat sources, including, waste heat, biomass combustion, solar concentrators, etc.

[0047] According to embodiments of the invention, an application of a pressurized gas

powered compressor is to facilitate conversion of industrial waste heat, for example as

conveyed by low-grade steam, into useful power, for example by using the energy

contained in steam to build pressure in a compressed air tank. Stored compressed air

may be utilized for example for supplying industrial compressed air systems. Moreover,

in some embodiments, the extraction of useful work form low grade steam flows can

allow the displacement of electrical load from existing compressors, which may increase

the plant's energy efficiency and lower energy costs. In some embodiments, exhaust

from the pressurized gas powered compressor may be used for heating or other

purposes. Low grade steam is generally used for heating purposes, but its prior use in a

compressor configured in accordance with embodiments of the present invention, may

reduce its heating value only slightly, as the latent heat is typically only released when

the steam is condensed to water in a heat exchanger or a condenser.

[0048] In accordance with embodiments of the present invention, the pressurized gas

powered compressor may be configured for providing a low-cost solution for converting

heat to electricity or other useful forms of power, whether through a hydraulic circuit or

by other means. Furthermore, embodiments of the compressor of the present invention

can have a compact and modular arrangement which can make it adaptable for a variety

of applications, and additionally, its simplicity can keep maintenance costs low.

[0049] Aspects of the present invention provide a system for extracting work using a

pressurized gas powered compressor. The system comprises a pressurized gas powered

compressor, the pressurized gas powered compressor comprising an output circuit

configured to operate compressively on an output fluid supplied thereto. The system

further comprises a pressurized gas input system configured to provide pressurized gas

for powering the pressurized gas powered compressor. The system further comprises an

exhaust system configured to convey spent gas from the pressurized gas powered

compressor. The system further comprises a work extraction system configured to



extract work from the pressurized gas powered compressor at least in part via said

output fluid.

[0050] An embodiment of a pressurized gas-powered compressor in accordance with

an aspect of the present invention is illustrated in Figure 1. The compressor comprises

two or more input piston-cylinder assemblies mounted on one side of a frame (51), a

similar number of output piston-cylinder assemblies mounted on the other side of the

same frame (51), transfer rods (15) connecting each input piston assembly with a

corresponding output piston assembly, a return system configured to return each piston

to its starting position following its power stroke, a distribution system (23) which

connects the input cylinders alternately to a source of pressurized gas and to an exhaust

system, for example for venting spent gas to the atmosphere or to a low-pressure

reservoir (not shown), or the like, and a timing system configured to facilitate

synchronisation of operation of the distribution system and the input piston-cylinder

assemblies, for example by timing intake and exhaust of working fluid thereby. Each of

these assemblies is described below.

Piston-cylinder assemblies

[0051] Having particular regard to the embodiment illustrated in Figure 1, when a

pressurized gas is allowed into an interior cavity of an input cylinder (19) by the

distribution system (23), it exerts pressure on a corresponding input piston (18) slideably

mounted in the input cylinder (19), thereby tending to put the piston into motion. The

input piston in turn exerts pressure on the piston base (14), to which it is linked

mechanically via transfer rods (15) as described below, which in turn exerts pressure on

the output piston (10), to which it is linked mechanically via a rod end ( 11) and shaft

(12), described below. The output piston in turn exerts pressure on a compressible or

incompressible fluid contained in the output cylinder (8), creating pressure. The fluid

contained in the output cylinder (8) may then be channelled under pressure to perform

work, store energy, or the like. For example, the fluid may be channelled through a

check valve (4) and thence to a reservoir or work extraction system or other machinery

or equipment.

[0052] Each input cylinder-piston assembly comprises a hollow input cylinder (19), a

cylinder head (22), and a piston (18) slidingly engaging the interior walls of the cylinder



(19) and forming a seal therewith. The input cylinder-piston assembly may further

comprise one or more sealing rings (24) for each piston. The cylinder head (22) may

comprise a rounded cap (20) fixed to the cylinder by mechanical means, such as bolted

joints. The cap (20) may include a port (21) allowing connection between the interior of

the cylinder and the distribution system as well as a steam trap (not shown) for

evacuating condensate.

[0053] In some embodiments, the flow of pressurized gas into an input cylinder

corresponds to a power stroke for said cylinder, wherein the pressurized gas tends to

expand the volume of a cylinder cavity, substantially defined by interior walls of the

cylinder (19), the cylinder head (22) and the piston (18), by motion of the piston. The

power stroke is typically followed by a return stroke, wherein the volume of the cylinder

cavity contracts, by motion of the piston, and the pressurized gas within the cylinder

cavity is outlet via an output port.

[0054] The sealing ring assemblies (24), which in some embodiments can facilitate

operation of the piston-cylinder assembly without application of a lubricating film, are

illustrated in more detail in Figure 2 . Each sealing ring assembly (24) may comprise an

O-ring (26) set into a deep groove (27) machined into the piston, which applies outward

pressure to a cylindrical ring (28) made of a low-friction material such as vitrified PTFE.

This cylindrical ring, which in some embodiments is machined on its inner surface to

form a groove into which the O-ring fits, sits in a wider and shallower groove machined

into the piston.

[0055] As further illustrated in Figure 1, each output cylinder-piston assembly may

comprise a cylinder head (7), a cylinder (8), a cylinder flange (57) fixed to a spacer

flange (58), a piston (10), a piston base (14), a spacer (13), a rod end ( 11) on a shaft

(12), such as a threaded shaft, and one or more sealing ring assemblies (9) similar to

those of the input pistons. In some embodiments, at least one of these sealing ring

assemblies (9) may be replaced with a profiled rod/piston seal made of nitrile or other

flexible material. The piston base is connected to the input piston by rods (15). The

output cylinder head (7) comprises a cap (5) affixed to the cylinder by mechanical

means, such as bolted joints. The output cylinder head (7) includes an output port (4)

fitted with a check valve, and an air intake port equipped with another check valve (not

shown). The input port may be operatively coupled to a source of fluid, such as a



hydraulic circuit, air intake, or the like. The output port may be operatively coupled to a

reservoir system, storage device, hydraulic circuit, hydraulic or hydro-pneumatic

accumulator, hydraulic motor, or the like. Fluid conveyed by the output port may

thereby be harnessed to perform useful work, for example.

[0056] In some embodiments, one or more check valves, operatively coupled to an

output cylinder, may be replaced with an integrated bidirectional check valve, as

illustrated in Figure 3 . The illustrated integrated bidirectional check valve comprises an

inner flange (49) and an external flange (50), the inner flange (49) slideably coupled

over the output cylinder (8), and the external flange (50) slideably coupled over the inner

flange (49). The integrated bidirectional check valve may facilitate substantially

unimpeded filling and for emptying of output cylinder (8) by a system of holes or

apertures, for example when the output cylinder (8) is surrounded by a fluid, such as

ambient air or water. The integrated bidirectional check valve may also facilitate

expulsion of pressurized fluid from the output cylinder, with substantial reduction or

elimination of "dead space" that results from the use of traditional check valves.

[0057] The integrated bidirectional check valve illustrated in Figure 3 is described as

follows. The inner flange (49) is fitted overtop of the output cylinder (8) and slideably

engaged therewith. The external flange (50) is fitted overtop of the inner flange (49) and

slideably engaged therewith. The inner flange (49) comprises one or more holes (51) in

a side thereof, such that the holes (51) are configured to align to similar holes (52) in the

output cylinder (8) when the inner flange is slideably moved into a retracted position.

When aligned, holes (51) and holes (52) form a channel facilitating communication

between the interior portion of the cylinder (8) and the external environment, thereby

facilitating filling of the cylinder (8) with fluid during a return stroke, the fluid to be

compressed during a subsequent power stroke.

[0058] In some embodiments, the inner flange (49) may be slideably supported by

rods (not shown) attached to the cylinder flange (57), further supporting at least the inner

flange (49) as it slides back and forth overtop the cylinder (8).

[0059] In some embodiments, one or more compression springs (55), coupled at a first

end to the cylinder flange (57) and at a second end to the inner flange (49), may be

configured to bias the inner flange (49) in an extended position, wherein the holes (5 1)



are disaligned with the holes (52), as long as pressure within said cylinder is not less

than atmospheric pressure, or more generally, when pressure within the output cylinder

is not less than a predetermined amount relative to pressure outside the output cylinder.

[0060] When the inner flange is in an extended position, an endwall of the inner

flange sits in a spaced-apart configuration with an end of the cylinder (8). When

pressure within said cylinder falls below ambient pressure outside the cylinder, the

pressure differential results in a force against the inner flange, tending to compress the

volume within the cylinder. The force may overcome the biasing force of said

compression spring, thereby causing the inner flange to slide into the retracted position,

thereby aligning holes (51) and holes (52) to form a channel, facilitating free flow of air

or other fluid into output cylinder during a return stroke of the piston (10) within the

cylinder (8). In some embodiments, the compression springs (55) are configured to bias

the inner flange (49) in the extended position as long as pressure in the ambient fluid is

not greater than pressure in the cylinder (8) by a predetermined amount.

[0061] In some embodiments, the external flange (50) may be connected by one or

more extension springs (56) to the inner flange (49). The external flange (50) comprises

a port (53) for facilitating passage of fluid, under compression action of the piston (10)

during a power stroke, to a reservoir (not shown) operatively coupled thereto via a

channel, such as a hose or pipe. The extension springs (56) are configured to bias the

external flange (50) to contact the inner flange (49), in a retracted position, as long as

pressure in the cylinder (8) is not greater than pressure in the reservoir and/or channel by

a predetermined amount, or, more generally, to bias the outer flange into the retracted

position thereof when pressure within a channel configured to receive fluid output from

the output cylinder exceeds a predetermined amount relative to pressure within the

output cylinder. The end holes (54) of the inner flange (49) are blocked by a portion of

the external flange (50) when said external flange is in a retracted position.

[0062] For example, the extension springs (56) may be configured to have a biasing

force of a predetermined magnitude, which is set against an opposing force due to fluid

pressure differential between the output cylinder (8) interior and the reservoir and/or

channel connected to the port (53). When pressure within the output cylinder (8)

exceeds pressure in the reservoir and/or channel, the difference in pressure causes the

spring biasing force to be overcome, thereby causing the external flange (50) to slide



forward overtop the inner flange (49) into a spaced-apart configuration, thereby allowing

passage of compressed air into a cavity of the external flange through end holes (54)

formed in the inner flange. The compressed air then passes through the end holes (54)

and port (53) and thence to reservoir and/or channel. On the return stroke of output

piston (10), when pressure within output cylinder is less than or equal to pressure in

reservoir, the springs (56) connecting the external flange to the inner flange cause said

external flange to retract, thereby sealing the end holes (54), and substantially preventing

backflow of compressed air from the reservoir to the output cylinder.

[0063] In embodiments of the present invention, the bidirectional integrated

checkvalve illustrated in Figure 3 may facilitate the near-total expulsion of the contents

of said output cylinder during a power stroke, compared to traditional check valves,

resulting in increased efficiency.

[0064] In some embodiments, an input check valve, comprising the inner flange (49)

slidingly engaged over the cylinder (8) may be provided. In some embodiments, an

output check valve, comprising the external flange (50) slidingly engaged over the

cylinder may be provided. The input and output check valves may be provided

separately of each other in some embodiments.

[0065] In some embodiments, the output cylinder-piston assembly comprises a rod

end ( 1 1) formed with a shaft (12), the shaft operatively coupled to the piston base (14),

for example by a threading about the shaft engaged with a corresponding threaded cavity

of the piston base (14), and the rod end ( 1 1) operatively coupled to the output piston

(10). The rod end ( 11) is fitted within a cavity formed within the piston (10), such that

angle between the piston and the shaft (12) can tolerate a predetermined amount of

alignment error, for example between the input piston-cylinder assembly and the output

piston-cylinder assembly. Rotational motion may comprise at least a few degrees of

rotation about one or more axes. The rod end ( 11) may thereby facilitate reduced

friction and/or wear during operation of the compressor.

[0066] As illustrated in Figure 1, each output cylinder may lie on an axis of symmetry

running through the center thereof. In some embodiments, the axes of the piston-

cylinder assemblies are offset from the axis of the crankshaft, such that when one piston

reaches the end of its stroke, the other has already passed the end of its stroke and is thus



in position to move when pressurized gas is introduced into the cylinder. As illustrated

in Figure 19, in some embodiments, the use of an offset between the axes of the piston-

cylinder assemblies and the axis of the crankshaft has the effect that, when piston 1

(1910) of cylinder 1 (1915) is at the end of its power stroke, piston 2 (1920) of cylinder

2 (1925) has not yet reached the end of its power stroke and is thus still able to provide

moment F (1935) to the crankshaft (1930), thereby eliminating the "dead point" that

could otherwise occur should the machines motion be stopped, due to interruption in the

supply of pressurized gas or another reason, precisely when the two pistons are at the

end of their respective strokes.

[0067] In some embodiments, for example with respect to the compressor as

illustrated in Figure 1, the transfer system, which is configured to transfer force

generated in the input piston-cylinder assemblies onto the output pistons, comprises a

series of rods (15) rigidly coupled between the input and output pistons, as illustrated in

in Figure 1. In other embodiments, the transfer system may also comprise transfer rods,

gear systems, drive belts, drive shafts, crankshafts, or the like.

Return System

[0068] In embodiments of the present invention, the return of each piston to its

original position following its power stroke is carried out at least in part by a crankshaft

assembly (16), to which plural piston-cylinder assemblies are attached by rod-ends. For

example, as illustrated in Figure 1, the crankshaft assembly (16) is coupled both to the

left input piston and the right input piston. The left input piston may be configured to

execute at least a part of its power stroke substantially during the same time that the

right input piston executes at least a part of its return stroke, and vice-versa. Force from

the power stroke of a piston may be transferred to cause rotation of the crankshaft

assembly (16), which may in turn be transferred to apply force to execute or assist in

executing the return stroke of another piston.

[0069] In some embodiments, the return system may further comprise other elements,

such as one or more flywheels (59) operatively coupled to the crankshaft (17), or two or

more crankshafts operatively coupled, for example by one or more drive belts or chains,

or the like. The return system may additionally use other mechanical means to facilitate

the return stroke of one or more pistons.



Timing System

[0070] The relative timing of motion of the cylinders and of the distribution system is

controlled by a timing system, comprising a crankshaft assembly (16) and a gearbox (1),

as illustrated in Figure 4 . Pressurized gas is distributed to each input cylinder and spent

gas and/or condensate fluid is evacuated therefrom by a distribution system, for example

as illustrated in detail in Figure 5 in accordance with an embodiment of the present

invention. The timing system may be configured to provide feedback about position of

the input pistons, which may be used to time operation of the distribution system

appropriately, for example by opening a communicating channel between a source of

pressurized working fluid and an interior cavity of an input cylinder (19) when an input

piston (18) thereof is at or near the beginning of a power stroke, and by opening a

communicating channel between an interior cavity of an input cylinder (19) and an

exhaust system, reservoir or ambient environment, or the like, when an input piston (18)

thereof is at or near the beginning of a return stroke.

[0071] In some embodiments, the timing system comprises a crankshaft (17), which is

situated within the frame (51), and driven, by cranking motion, by linking rods (30 and

31) connected to the input pistons. One or more flywheels (59), as illustrated in Figure

1, may be mounted on one or more ends of the crankshaft (29). In some embodiments,

said linking rods, connected to the crankshaft (17) and to the input piston (18) by rod

ends (55), may be fully contained throughout their range of motion within a cavity of the

compressor, for example within a cavity of the input cylinder (19) and the spacer (13).

For example, the crankshaft assembly (16) may thereby be configured to move inside the

input cylinder (19) and the spacer (13), between the transfer rods (15). This arrangement

may facilitate the stroke of the output piston being substantially equal to that of the input

piston, even if its diameter is smaller.

[0072] In some embodiments, the timing system may comprise one or more sensors,

such as position sensors, and/or actuators, such as electrically controlled valves,

communicatively coupled by electrical, mechanical or optical signals, or the like. For

example, a sensor, such as an electromechanical, optical, or other sensor, may be

configured to sense the rotational position of a crankshaft of the compressor, or an

element coupled thereto, such as a flywheel. The sensor may further be configured to

provide a signal based thereon, and an electrically controlled valve, actuated by said



signal, may be configured to operate based on said signal. For example, an electrically

controlled valve may be configured to open when a sensor communicatively coupled

thereto senses the crankshaft in a first range of rotational positions, and to close when

the sensor senses the crankshaft in a second range of rotational positions.

[0073] In accordance with the above, the timing system may be actuated directly or

indirectly in accordance with rotational position of the crankshaft. The timing system

co-operates with the distribution system to facilitate operation of the compressor. The

co-operation of timing and distribution system is described further below.

Distribution Sy stern

[0074] The distribution system, for example illustrated in Figures 5, 6 and 7 in

accordance with embodiments of the present invention, is configured to facilitate

circulation of pressurized gas to and from the input cylinders, in conjunction with the

timing system. As the pistons traverse their strokes, the crankshaft (17) of the timing

system is correspondingly rotated between a plurality of angular positions, by cranking

action of the linking rods (30 and 31). A first gear (2), operatively coupled to the

crankshaft (17), and a second gear (3), engaged with the first gear (2), are also

correspondingly rotated between a plurality of angular positions. The second gear (3) is

operatively coupled to a valve assembly (23), which is configured to operate by rotating

action to alternatingly establish a first communicating channel between the interior of

each input cylinder (19) and a source of pressurized gas, such as vaporized working

fluid, and a second communicating channel between the interior of each input cylinder

(19) and an exhaust system (not shown) for receiving spent gas. In some embodiments,

a separate valve assembly (23) may be provided for each cylinder-piston assembly.

Plural valve assemblies may be driven by the same gear or by separate gears.

[0075] For example, in some embodiments, the pistons operate substantially out of

phase, such that, in a first position, a first piston reaches the end of a power stroke

substantially when a second piston reaches the end of a return stroke, and in a second

position, the first piston reaches the end of a return stroke substantially when the second

piston reaches the end of a power stroke. The first position corresponds to first angular

positions of the crankshaft, first and second gears, and the valve assembly. The second

position corresponds to second angular positions of the crankshaft, first and second



gears, and the valve assembly. In some embodiments, plural pistons may operate in

phase, out of phase, or a combination thereof.

[0076] In some embodiments, when rotated by the crankshaft and gears into the first

angular position, the valve assembly (23) is configured to seal a passage connecting the

first cylinder (19) to the source of pressurized gas and to concurrently open a passage

connecting it to the low-pressure outlet, through a mechanism described into detail

below. In some embodiments, at substantially the same time, the distribution system is

configured to seal a passage connecting the second cylinder to the low-pressure outlet

and to open a passage connecting the second cylinder to the pressurized gas source,

thereby facilitating initiation of a power stroke of the second piston.

[0077] The crankshaft (17) is configured to drive one of the two substantially identical

gears (2) in the gear box (1); wherein the other gear (3) drives the distribution system,

which comprises a rotating valve body (36) and a valve body housing (42), illustrated in

Figure 5 with the valve body (36) retracted from the valve body housing (42). For

operation, the valve body (36) is inserted into the valve body housing (42), such that the

partial disk (35) is substantially positioned between the high-pressure input port (33) and

the low-pressure output port (38).

[0078] As illustrated in Figure 5, the valve body (36) comprises a shaft (37),

operatively coupled to and turned by the driven gear (3) of the gear box, a cover (510)

connected to the shaft and configured to fit within an opening of the valve body housing

(42) so as to substantially cover said opening, a partial disk (35) connected to the shaft

(37) and configured to fit within the valve body housing (42), and a disk-shaped valve

cover (41) with a partial cut-out on its face. The partial disk is situated with the cover

(5 10) along or near a first face thereof, and the valve cover (4 1) along or near a second

face thereof, opposite the first face. The partial disk (35) does not fill the cylindrical

region between the cover (58) and the valve cover (41), but rather defines a gap (43), the

gap communicating with the partial cut-out of the valve cover (41) to form a channel.

Gas may flow through said channel when the gap (43) in the partial disk is exposed to

the high-pressure (input) port (33) or low-pressure (output) port (38) by rotation of the

valve body (36) by action of the driven gear (3).



[0079] The valve body (36) rotates within the valve body housing (42), with a

substantially hermetic seal created by a substantially C-shaped seal (39) formed around

the partial disk (35), the seal (39) made of a low-friction material, which is pressed out

against the valve body housing by two O-rings (40). The substantially C-shaped seal

(39) includes a gap which is substantially aligned with the gap (43). The partial disk

(35) and C-shaped seal (39) are configured to alternatingly block and seal, due to

rotation thereof in the valve body housing (42), the high-pressure input port (33) and the

low-pressure output port (38).

[0080] The valve body housing includes an input port (33) coupled to a source of

pressurized gas, and an output port (38) coupled to an exhaust system, such as ambient

atmosphere, a low-pressure reservoir, a recirculation system, a condenser, or the like.

The valve body housing also includes a cylinder port (32) connected by tubing or piping

to form a channel to the interior of an input cylinder (19), for example via an input port

(21) as illustrated in Figure 1.

[0081] Figure 6 illustrates the valve body (42) in further detail with input port (33) and

output port (38) coupled thereto, along with the valve cover (41) when the valve body is

inserted into the valve body housing (42).

[0082] When the partial disk (35) and C-shaped seal (39) are rotated to cover an

opening of the input port (33), the input port (33) is sealed from the cylinder port (32).

In some embodiments, said partial disk and seal may be configured such as to cut off

supply of pressurized gas to the input cylinder before the input piston has completed its

stroke, thereby allowing the pressurized gas already present within said cylinder to dilate

by further displacing the piston. This configuration allows for more efficient operation,

in that a greater percentage of the potential energy contained in the pressurized gas is

converted to useful work.

[0083] In some embodiments, the hermetic nature of this seal may be improved by the

addition of a secondary sealing assembly as illustrated in Figure 7 . This secondary seal

assembly comprises a threaded hollow housing (44) that forms part of a channel of the

input port (33) and that attaches, for example by screwing, into an opening of the valve

body (36) at the location of the input port (33), a hollow threaded inner valve shaft (45)

with a bonded end (46) that may be attached into the housing (44), for example by



screwing, the bonded end (46) contacting the interior wall of the housing (44). The

bonded end (46) may in some embodiments be composed of a flexible, heat-resistant

material such as silicone. The hollow housing (44) thereby provides a recess that forms

part of a channel of the input port, and the bonded end (46) provides an end piece

formed within the recess. The secondary seal assembly further comprises a sealing disk

(47) configured to fit within an opening of the housing (44), the sealing disk (47)

movable along a longitudinal axis of the housing (44) between an open position and a

closed position, the open position corresponding to the sealing disk (47) being in a

spaced-apart configuration with the bonded end (46), and the closed position

corresponding to the sealing disk (47) contacting the bonded end (46).

[0084] A guide assembly (48) is attached to the sealing disk (47), which may be

configured to constrain motion thereof between the open position and the closed

position. The guide assembly (48) may further include a protruding portion which is

formed overtop of the sealing disk (47), and which may be conically or frustro-conically

shaped, or otherwise be configured with one or more sloped or ramped edges.

[0085] The sealing disk (47) includes one or more channels or holes therein to

establish a communicating channel between the input port (33) and the cavity of the

valve body housing (42), to thereby permit passage of the pressurized gas when the

sealing disk (47) is in the open position. A pressure differential between the source of

pressurized gas in the input port (33) and the cavity of the valve body housing (42) may

bias the sealing disk (47) toward the open position. A spring or other biasing means

may also be used to bias the sealing disk (47) into the open position, in addition or

alternatively to biasing resulting from the pressure differential.

[0086] Continuing with respect to the secondary sealing assembly illustrated in Figure

7, whenever the partial disk (35) and the C-shaped seal (39) are rotated so as to lie

overtop of the input port (33), the C-shaped seal (39) pushes on the protruding portion of

the guide assembly (48), thereby forcing it into the closed position, such that the sealing

disk (47) contacts against the bonded end (46) of the inner valve shaft (45), thereby

covering the holes of the sealing disk (47) and substantially inhibiting flow of the

pressurized gas. The sloped or ramped edge shape of the protruding portion facilitates

pushing of the sealing disk (47) into the closed position, by allowing the C-shaped seal



(39) to gradually displace the protruding portion out of the cavity of the valve body

housing.

[0087] According to embodiments of the present invention, a similar valve system

allows the expulsion of pressurized gas when the input piston (18) is returned to its

initial position by the timing assembly.

[0088] According to some embodiments of the present invention, a quick-exhaust

valve (not shown) is affixed to the input cylinder head (22), in order to allow for a more

rapid expulsion of said pressurized gas. Said quick-exhaust valve may be controlled by

a solenoid, controlled by an electrical signal produced by a switch triggered

mechanically or optically according to the position of the flywheel (59), or by another

means. Alternatively, it may be controlled by a hydraulic valve (not shown) triggered by

the presence of pressurized gas in the other input cylinder (19).

[0089] According to some embodiments of the present invention, a mechanically or

electrically controlled input valve affixed directly or by means of a port to the input

cylinder head may replace the rotational valve illustrated in Figures 5 to 7 . Said valve

may be controlled by a solenoid, controlled by an electrical signal produced by a switch

triggered mechanically or optically according to the position of the flywheel (59), or by

another means. Alternatively, it may be controlled by a hydraulic valve (not shown)

triggered by the presence of pressurized gas in the other input cylinder (19).

[0090] According to embodiments of the present invention, the cylinders, pistons and

structural elements are fabricated from steel or from stainless steel, the O-rings from

silicone, the cylindrical piston rings (28) from vitrified PTFE and the C-shaped seal (39)

from Vespel or a similar material. Alternate materials for each of the components of

would be readily understood by a worker skilled in the art.

[0091] In accordance with an embodiment of the present invention, the geometry of

the compressor is further configured or aligned to ensure that upon interruption of a

supply of pressurized gas, one of the input piston-cylinder assemblies is always in active

position, such that there is no "dead point", regardless of the position at the moment of

interruption of the supply of pressurized gas.



[0092] In accordance with an embodiment of the present invention, two or more two-

cylinder assemblies, such as the one illustrated in Figure 1, can be joined together in an

assembly comprising four (4) or more input cylinders and a similar or different number

of output cylinders. For example, in one such embodiment, as illustrated in Figure 18,

two two-cylinder assemblies (1800 and 1810) such as those illustrated in Figure 1 could

be joined together, with their flywheels (1805 and 1815) connected by a chain or belt

( 1830). In this embodiment, the timing of one two-cylinder assembly ( 1800) is set so as

to be 90° out of phase from the timing of the other two-cylinder assembly (1810), such

that, when the pistons in the first two-cylinder assembly ( 1800) are at or near the ends of

their respective strokes, the pistons of the second two-cylinder assembly (1810) are

approximately in the middle of their respective strokes. The result is to smooth out the

variations in force applied that otherwise would occur when the pistons reach the ends

of their respective strokes, and to reduce potential occurrence of a "dead point" at the

end of said strokes. A pressurized-gas powered compressor in accordance with the

present invention may thereby comprise a first pair of two or more input piston-cylinder

assemblies and a second pair of two or more input piston-cylinder assemblies, and

wherein the timing system is configured to operate the first pair of two or more input

piston-cylinder assemblies out of phase with the second pair of two or more input

piston-cylinder assemblies.

[0093] In accordance with other embodiments of the present invention, the number of

input and output cylinders may be different from each other. For example, additional

input cylinders could be added in order to provide additional torque to the crankshaft,

whether to provide motive force directly via said crankshaft, or to provide additional

compressive force to the output pistons.

System

[0094] In accordance with an aspect of the present invention, there is provided a

system for extracting work using a pressurized gas powered compressor. The system

generally comprises a pressurized gas input system, a pressurized gas powered

compressor, powered by the pressurized gas input system, an exhaust system operatively

coupled to the pressurized gas powered compressor and configured to convey spent gas

and/or condensate therefrom, and a work extraction system operatively coupled to the

pressurized gas powered compressor and configured to extract work therefrom.



[0095] Figure 8 illustrates a system (800) for extracting work using a pressurized gas

powered compressor, in accordance with embodiments of the present invention. The

system comprises a pressurized gas input system (810) configured as a source of

pressurized gas, such as saturated steam or vapour generated from a low boiling point

(LBP) working fluid, a pressurized gas powered compressor (830) powered by the

pressurized gas from the pressurized gas input system (810), an exhaust system (850) for

conveying spent gas and/or condensate from the pressurized gas powered compressor

(830) after use, and a work extraction system (870), powered by the pressurized gas

powered compressor (830) and configured to store or convey energy in one or more

forms.

[0096] The pressurized gas input system (810) may be configured to generate

pressurized gas using heat energy (815) from one or more sources, such as solar, fuel

combustion, heat from an industrial process, or the like. In some embodiments, the

work extraction system (870) comprises one or more check valves (875) and one or

more devices (880) such as accumulators, reservoirs, motors, generators, or the like.

[0097] The pressurized gas input system is configured to utilize heat from a heat

source to create pressurized gas from a working fluid or working fluid condensate, such

as water or liquid LBP working fluid. In some embodiments, a heat exchanger is used to

transfer heat from the heat source to the working fluid. Potential LBP working fluids

may include n-pentane, toluene, and ammonia, for example, or other fluids, or mixtures

thereof, or aqueous or non-aqueous solutions thereof. The pressurized gas is created in a

boiler, vapour generator, or similar apparatus, and conveyed under pressure to an input

of the pressurized gas powered compressor.

[0098] According to embodiments of the present invention, the heat source may

comprise a solar concentrator, a biomass combustion apparatus, a source of heat such as

waste heat from one or more industrial processes, or a combination thereof, or the like.

[0099] According to embodiments of the present invention, the compressor is

configured to be driven by steam or other pressurized gas generated by one or more

devices or mechanisms that concentrate heat from solar radiation and/or that produce

heat from the combustion of biomass or other fuels, in order to produce electricity from

renewable sources.



[00100] For example, Figure 9A illustrates a configuration for driving a pressurized gas

powered compressor (910) using residual steam, in accordance with an embodiment of

the present invention. The residual steam is provided as partially spent gas output by an

industrial process (920), which utilizes high-pressure steam from a boiler (930).

[00101] As another example, Figure 9B illustrates a configuration for driving a

pressurized gas powered compressor (910) using steam generated in a boiler (940) using

a heat source, in accordance with an embodiment of the present invention. The steam

may be wet saturated steam. The heat source may a heat exchanger (950) configured to

convey heat from an industrial heat source (955), a biomass combustion device (960), a

solar concentrator, or other heat source, or a combination thereof. Figures 9A and 9B

further illustrates a condenser (935) for condensing exhausted steam, and a pump (937)

for facilitating recirculation of hot exhaust water back to the boiler (930).

[00102] According to some embodiments of the present invention, the gas input system

may be configured to provide pressurized gas to a plurality of apparatuses, including the

pressurized gas powered compressor, for example in series or in parallel. For example,

in some embodiments the pressurized gas input system is configured to provide

pressurized gas to the pressurized gas powered compressor after said pressurized gas is

used for one or more other processes. For example, the one or more processes may be

industrial processes, machinery operating processes, heating or cooling processes, or the

like. The pressurized gas output from the one or more other processes, which may be

considered spent gas in the context of said processes, may nonetheless still contain

sufficient energy for operation of the pressurized gas powered compressor. In some

embodiments of the present invention, a pressurized gas powered compressor may be

advantageously operated using wet or partially spent or other working fluid.

[00103] According to some embodiments, the exhaust system is configured to

recirculate working fluid, for example spent gas and/or condensate, to the gas input

system. The exhaust system may cool the working fluid to facilitate flow of the spent

gas from the gas powered compressor. In some embodiments, the exhaust system may

utilize the working fluid for further processes, such as heating, cooling, adsorption

chilling, absorption chilling, or the like. In some embodiments, the exhaust system does

not recirculate working fluid, but may instead expel the working fluid, such as spent gas,

steam, condensate, water, or the like, from the system. The gas input system and



exhaust system may be collectively configured to generate a gradient, such as a pressure

and/or thermal gradient, between an input and an output of the pressurized gas powered

compressor, which biases working fluid to flow through the pressurized gas powered

compressor from the gas input system to the exhaust system.

[00104] In some embodiments, working fluid for converting to pressurized gas, for

example in a boiler or vapour generator, may be provided from an external source of

fresh or make-up fluid, as recirculated fluid from the exhaust system (850), or a

combination thereof. For example, condensed working fluid from the exhaust system

(850) may be provided to a boiler or vapour generator for re-conversion into gas, since it

is already substantially preheated, and makeup fluid may be provided from an external

source to compensate for working fluid losses as the working fluid circulates. In some

embodiments, the makeup fluid may be preheated, for example via a heat exchanger

which is configured to transfer heat from the exhaust system (850), for example from a

condenser thereof, to the makeup fluid.

[00105] The pressurized gas powered compressor generally comprises an input circuit

operatively coupled to the pressurized gas input system and the exhaust system, and an

output circuit operatively coupled to the work extraction system. The pressurized gas is

configured to flow through the input circuit and to perform work thereon, for example

by moving pistons of the input circuit. The pressurized gas powered compressor further

comprises a transfer system configured to transfer work from the input circuit to the

output circuit, for example by transferring force from moving pistons of the input circuit

to move pistons of the output circuit, for example using transfer rods, gear systems,

drive belts, drive shafts, crankshafts, or the like. The pressurized gas powered

compressor further comprises additional elements, such as a timing system, distribution

system, and/or valve gear system, configured to control and/or facilitate the flow of

pressurized gas and exhaust through the input circuit.

[00106] According to embodiments of the present invention, a system for extracting

work using a pressurized gas powered compressor may comprise a pressurized gas

powered compressor substantially as described in detail herein, for example with respect

to Figure 1. According to embodiments of the present invention, a system for

extracting work using a pressurized gas powered compressor may comprise other



configurations of pressurized gas powered compressors, which, in some embodiments,

may be referred to as reciprocating pumps, steam pumps, pumping engines, or the like.

[00107] For example, in some embodiments, a system for extracting work using a

pressurized gas powered compressor may generally comprise a pressurized gas powered

compressor comprising an output circuit configured to operate compressively on an

output fluid supplied thereto, which is utilized for performing work, transferring force,

storing energy, or the like, in a work extraction system, the pressurized gas powered

compressor powered by gas from a pressurized gas input system.

[00108] For example, the pressurized gas powered compressor comprises one, two or

more input piston-cylinder assemblies and one, two or more output piston-cylinder

assemblies operatively coupled to each of the input piston-cylinder assemblies. In some

embodiments, the compressor may have a simplex configuration, with an output piston-

cylinder assembly operatively coupled to an input piston-cylinder assembly at one end

thereof. In some embodiments, the compressor may have a duplex configuration, with

output piston-cylinder assemblies operatively coupled to an input piston-cylinder

assembly at both ends thereof.

[00109] In some embodiments, an input piston-cylinder assembly may be single-acting,

with compressed gas applied in the cylinder to operate the piston during the power

stroke only. In some embodiments, an input piston-cylinder assembly may be double-

acting, with compressed gas applied in the cylinder to operate the piston during both the

power stroke and the return stroke, for example by applying compressed gas

alternatingly to either side of the piston, as would be readily understood by a worker

skilled in the art.

[00110] In some embodiments, an output piston-cylinder assembly may be single-

acting, with fluid pumped thereby during the power stroke only. In some embodiments,

an output piston-cylinder assembly may be double-acting, with fluid compressed and/or

pumped thereby during both the power stroke and the return stroke, for example by

pumping fluid alternatingly from cavities on either side of the output piston, as would be

readily understood by a worker skilled in the art.

[00111] In some embodiments, two or more single-acting input piston-cylinder

assemblies may be operated in phase, such that the two or more pistons execute power



strokes and return strokes substantially concurrently, out of phase, such that one of the

two or more pistons executes a power stroke as another executes a return stroke, or a

combination thereof.

[00112] In some embodiments, two or more input piston-cylinder assemblies may be

arranged in a cascading configuration, such that pressurized gas partially exhausted by a

first input piston-cylinder assembly is provide as input gas to a second input piston-

cylinder assembly. In some embodiments, two or more input piston-cylinder assemblies

may be arranged in a parallel configuration, such that pressurized gas is supplied from

the same source thereto.

[00113] The work extraction system is generally configured to transform work

performed by the output circuit into work applied to one or more applications, such as

electricity generation, water or fluid pumping, air compression, mechanical force applied

to an apparatus, or the like. The work extraction system is configured to convey work

performed by the output circuit via one or more fluids, such as liquids or gases, wherein

one of the one or more fluids is moved by compression action of the output circuit, for

example via cylinders thereof.

[00114] In some embodiments, the work extraction system and/or output circuit

comprises one or more valves, such as check valves. The valves may be configured to

inhibit backflow of a fluid conveyed by the work extraction system, thereby facilitating

extraction of useful work.

[00115] In some embodiments, the work extraction system comprises an energy storage

device such as a hydraulic or hydro-pneumatic accumulator or pressurized tank. The

energy storage device may be configured to store energy accumulated from work

extracted by the work extraction system, for example by holding a non-compressible

fluid under pressure, the pressure applied via the extracted work. An accumulator or

other energy storage device may operate as a buffer, so that the extracted work need not

be used immediately, but rather may be stored for future use.

[00116] In some embodiments, the work extraction system comprises a hydraulic or

pneumatic motor operated by a fluid conveyed under pressure by the work extraction

system. The hydraulic or pneumatic motor may be operated to perform mechanical

work, such as moving objects, operating machinery, or the like.



[00117] In some embodiments, the work extraction system may be configured to pump

water. For example, pumped water may be drawn into an input port of the output circuit

and expelled, by compression action out of an output port of the output circuit and into

an output channel. Pumping of water may be performed to raise the water to a

predetermined height and into a storage reservoir. In some embodiments, the storage

reservoir may be used to store energy as gravitational potential energy. For example, the

water may be stored at a height from which it may be subsequently released to drive a

hydraulic turbine or used for other purposes. In some embodiments, the water may be

driven by gravity to drive an electric generator, as would be readily understood by a

worker skilled in the art.

[00118] In some embodiments, the work extraction system may be configured to

generate electricity. For example, a fluid conveyed, for example under pressure, by the

work extraction system may be used to operate an electric generator by applying force to

a turbine operatively coupled thereto, a hydraulic or pneumatic motor operatively

coupled thereto, or a combination thereof. In some embodiments, additional control

mechanisms may be implemented in order to follow loads and/or to control the quality

of the electricity produced.

[00119] In some embodiments, the work extraction system comprises a compressed air

storage reservoir, and the output circuit is configured to produce pressurized air that is

stored in said storage reservoir. The pressurized air may be released in varying amounts

in order to turn a motor or turbine which in turn drives a generator, so as to produce

electricity as needed. In some embodiments, this may obviate the need for an electrical

energy storage device. In some embodiments, the pressurized air may be used for other

applications, such as for operating pneumatic tools, or the like.

[00120] For example, Figure K)A illustrates a configuration for producing compressed

air using a pressurized gas powered compressor (1010), in accordance with an

embodiment of the present invention. Air is pumped by the compressor (1010) via

check valves (1015) to a compressed air reservoir (1020).

[00121] As another example, Figure K)B illustrates a configuration for producing

motive force using a pressurized gas powered compressor (K)K)), in accordance with an

embodiment of the present invention. Pressure of a hydraulic fluid, such as water or oil,



is built in a hydraulic accumulator (1030) by pumping action of the compressor (1010)

via check valves (1015). In some embodiments, the hydraulic accumulator (1030) may

operate as a buffer, for example so that the extracted work need not be used

immediately, but rather may be stored for future use. Such a buffer may be used to

facilitate coping with fluctuations or mismatches between energy supply and energy

demand. For example, the compressor (1010) may pump hydraulic fluid into the

hydraulic accumulator (1030), or the compressor (1010) may pump air to fill an

expandable bladder in the hydraulic accumulator (1030), or the like. Pressurized

hydraulic fluid in the hydraulic accumulator (1030) may be used to operate a hydraulic

motor (1040) for producing motive force.

[00122] As yet another example, Figure K)C illustrates a configuration for producing

electricity using a pressurized gas powered compressor (1010), in accordance with an

embodiment of the present invention. Pressure of a hydraulic fluid, such as water or oil,

is built in a hydraulic accumulator (1030), which may operate as an energy buffer, by

pumping action of the compressor (1010) via check valves (1015). Pressurized

hydraulic fluid in the hydraulic accumulator (1030) may be used to operate a hydraulic

motor (1050), which is operatively coupled to an electric generator (1060). Force

applied to the electric generator (1060) results in generated electricity, which may be

transmitted or stored for future use. In some embodiments, the hydraulic motor (1050)

and electric generator (1060) may be integrated as a hydraulic generator machine.

[00123] According to embodiments of the present invention, the pressurized gas input

system is configured to supply the input circuit of the pressurized gas powered

compressor with low or medium pressure saturated steam, and the output circuit of the

pressurized gas powered compressor is supplied with ambient air, which operates as a

fluid conveyed by the work extraction system. In these embodiments, the system can be

configured to deliver compressed air to an industrial compressed air system, thereby

replacing the electricity which would typically otherwise have been used by the air

compressors.

[00124] According to embodiments of the present invention, the input circuit is

supplied with low or medium pressure saturated steam, and the output circuit is joined to

a hydraulic circuit. In these embodiments, the pressurized gas powered compressor may



be configured to deliver a flow of pressurized hydraulic fluid, which can be configured

to drive a hydraulic motor, which may in turn drive an electric generator.

[00125] According to embodiments of the present invention, the input circuit is

supplied with low or medium pressure saturated steam, and the output circuit is supplied

with water or another fluid. In these embodiments, the compressor delivers a flow of

said liquid which can be used either for projecting it against a wheel, turbine or turbine-

generator to create rotational force, for displacing said liquid (pumping), or for

displacing it to a higher elevation in order to store potential energy for subsequent

release through a wheel, turbine or turbine-generator.

[00126] The invention will now be described with reference to specific examples. It

will be understood that the following examples are intended to describe embodiments of

the invention and are not intended to limit the invention in any way.

EXAMPLES

[00127] Figure 11 illustrates a system for extracting electricity from solar energy using

a pressurized gas powered compressor ( 1 130), in accordance with an embodiment of the

present invention. The system comprises a solar concentrator ( 1110) configured to

convey heat energy from the sun to a vapour generator ( 1 120). The vapour generator

( 1 120) utilizes the heat energy for boiling a LBP working fluid into a pressurized

vapour. The pressurized vapour is provided as input to an input circuit of the

pressurized gas powered compressor ( 1 130) and performs work thereon. The spent

vapour is exhausted from the pressurized gas powered compressor ( 1 130) to an exhaust

system and condensed in condenser ( 1140), before being recirculated back to the vapour

generator ( 1 120) for reboiling. Recirculation of liquid working fluid from the condenser

( 1 140) may comprise pumping using a pump ( 1145).

[00128] The gas powered compressor ( 1130) conveys power from its input circuit to an

output circuit thereof, which is configured to compressively perform work on a

hydraulic fluid, such as oil or water, for example by pumping it. The output circuit of

the gas powered compressor ( 1 130) is operatively coupled to a work extraction system

which comprises check valves ( 1 150), a hydraulic accumulator ( 1 160), a hydraulic

motor ( 1 170), and an electric generator ( 1180). Fluid is pumped under pressure from the



output circuit through the check valves ( 1 150) and into the hydraulic accumulator

( 1 160), which may store hydraulic fluid under pressure, gravitational potential energy, or

a combination thereof, or the like. The hydraulic fluid may subsequently be channelled

to drive one or more hydraulic motors ( 1170), such as a rotary motor configured to

convert hydraulic pressure and flow into mechanical torque and angular displacement of

the motor. For example, the hydraulic motor ( 1 170) may be a gear and vane motor,

axial plunger motor, radial piston motor, or the like. In some embodiments, the

hydraulic motor may be configured to drive an electric generator to generate electricity

directly due to rotational motion thereof. In some embodiments, an electric generator

( 1 180) may be operatively coupled to the hydraulic motor ( 1 170), for example via gear

systems, drive shafts, drive belts, or a combination thereof, or the like, the electric

generator configured to generate electricity from mechanical motion thereof. The

electricity may be stored, used for one or more applications, transferred to a power

transmission or power distribution system, or the like, or a combination thereof. In

some embodiments, additional control mechanisms may be implemented in order to

follow loads and/or to control the quality of the electricity produced.

[00129] Figure 12 illustrates a system for extracting electricity from biomass

combustion using a pressurized gas powered compressor, in accordance with an

embodiment of the present invention. The system may operate substantially similarly to

the system described with respect to Figure 11, except that, instead of a solar

concentrator, the system comprises a biomass combustion apparatus (1210) configured

to generate heat energy from combustion of biomass fuel, such as wood products, plant

products, animal products, or a combination thereof, or the like, the heat energy

conveyed to a vapour generator. Additionally, in some embodiments, the working fluid

may be water and/or steam instead of a LBP working fluid. The system may comprise a

boiler (1220) for boiling steam using heat from the biomass combustion apparatus

(1210), a compressor (1230) operated by steam from the boiler (1220), a condenser

(1240) for condensing exhaust steam from the compressor (1230) and a pump (1245) for

recirculation of condensed exhaust. The system may further comprise one or more

check valves (1250) operatively coupled to an output circuit of the compressor (1230),

along with a hydraulic accumulator (1260), hydraulic motor (1270), and electric

generator (1280) of a work extraction system, configured for generation of electricity

using hydraulic fluid from the compressor (1230).



[00130] Figure 13 illustrates a system for extracting electricity from solar energy,

biomass combustion, or a combination thereof, using a pressurized gas powered

compressor, in accordance with an embodiment of the present invention. The system

may operate substantially similarly to the systems described with respect to Figures 11

and 12, except that one or more of a plurality of heat sources may be selectably used.

Heat energy may be generated substantially concurrently or at different times by a solar

concentrator (1310) and a biomass combustion apparatus (1315). Use of a plural heat

sources may increase reliability, economic viability, or the like, of the system. The

system may comprise a vapour generator (1320) for generating high-pressure vapour

using heat from the biomass combustion apparatus (1315) and/or solar concentrator

(1310), a compressor (1330) operated by vapour from the vapour generator (1320), a

condenser (1340) for condensing exhaust from the compressor (1330) and a pump

(1345) for recirculation of condensed exhaust. The system may further comprise one or

more check valves (1350) operatively coupled to an output circuit of the compressor

(1330), along with a hydraulic accumulator (1360), hydraulic motor (1370), and electric

generator (1380) of a work extraction system, configured for generation of electricity

using hydraulic fluid from the compressor (1330).

[00131] Figure 14 illustrates a system for extracting electricity from an industrial heat

source (1405) using a pressurized gas powered compressor, in accordance with an

embodiment of the present invention. The system may operate substantially similarly to

the systems described with respect to Figure 11 or 12, except that heat energy provided

to the boiler is generated from an industrial process, and may be passed through a heat

exchanger (1410). For example, industrial processes may include smelting processes,

chemical processes involving exothermic reactions, processes using heated solids,

liquids, or gases which are subsequently cooled, for example via the heat exchanger

(1410), or the like. In some embodiments, the system is configured to utilize waste

industrial heat for electricity generation. The system may comprise a boiler (1420) for

boiling steam using heat from the biomass combustion apparatus (1410), a compressor

(1430) operated by steam from the boiler (1420), a condenser (1440) for condensing

exhaust steam from the compressor (1430) and a pump (1445) for recirculation of

condensed exhaust. The system may further comprise one or more check valves (1450)

operatively coupled to an output circuit of the compressor (1430), along with a hydraulic

accumulator (1460), hydraulic motor (1470), and electric generator (1480) of a work



extraction system, configured for generation of electricity using hydraulic fluid from the

compressor (1430).

[00132] Alternatively, in accordance with an embodiment of the present invention as

illustrated in Figure 15, the system may be configured for extracting motive force from

an industrial heat source using a pressurized gas powered compressor. For example, a

hydraulic motor (1570) may be configured to provide mechanical motive force for use in

one or more appropriate applications, such as for operating tools or machinery, as would

be readily understood by a worker skilled in the art, instead of or in addition to

generation of electricity. The system may comprise a boiler (1520) for boiling steam

using heat from the heat exchanger (1510), a compressor (1530) operated by steam from

the boiler (1520), a condenser (1540) for condensing exhaust steam from the compressor

(1530) and a pump (1545) for recirculation of condensed exhaust. The system may

further comprise one or more check valves (1550) operatively coupled to an output

circuit of the compressor (1530), along with a hydraulic accumulator (1560), and the

hydraulic motor (1570), of a work extraction system configured for generation motive

force.

[00133] Figure 16 illustrates a system for producing compressed air from residual

steam using a pressurized gas powered compressor, in accordance with an embodiment

of the present invention. A boiler (1610), fuelled for example by industrial heat, solar

energy, biomass combustion, fossil fuel combustion, or the like, high-pressure steam,

which may be superheated steam, from the boiler is partially used in an industrial

process (1620). The residual steam from the industrial process, which may be wet or

saturated steam, is provided as input to an input circuit of the pressurized gas powered

compressor (1630) and performs work thereon. The spent working fluid is exhausted

from the pressurized gas powered compressor (1630) to an exhaust system and

condensed in condenser (1640), before being recirculated back to the boiler (1610) for

reboiling. The gas powered compressor (1630) conveys power from its input circuit to

an output circuit thereof, which is configured to compressively perform work on a

compressible fluid, such as air, by pumping it. The air is pumped through one-way

check valves (1650) to a compressed air reservoir (1660), where it may be stored and

subsequently used for applications such as for operating pneumatic tools or machinery,

or for transferring to portable containers, or the like.



[00134] Figure 17 illustrates a system for pumping water using solar energy using a

pressurized gas powered compressor, in accordance with an embodiment of the present

invention. The system may operate substantially similarly to the system described with

respect to Figure 11, except that the hydraulic fluid pumped by the output circuit is

water, and a hydraulic accumulator, hydraulic motor, and electric generator may not be

required. The system may be used, for example, to pump drinking water from a well or

aquifer, to pump water to a reservoir, over an obstacle, or the like. The system may

comprise a solar concentrator (1710) configured to convey heat energy from the sun to a

vapour generator (1720), a compressor (1730) operated by vapour from the vapour

generator (1720), a condenser (1740) for condensing exhaust from the compressor

(1730) and a pump (1745) for recirculation of condensed exhaust. The system may

further comprise one or more check valves (1750) operatively coupled to an output

circuit of the compressor (1730).

[00135] It is obvious that the foregoing embodiments of the invention are examples and

can be varied in many ways. Such present or future variations are not to be regarded as

a departure from the spirit and scope of the invention, and all such modifications as

would be obvious to one skilled in the art are intended to be included within the scope of

the following claims.



WE CLAIM:

1. A system for extracting work using a pressurized gas powered compressor, the

system comprising:

a) a compressor powered by a pressurized gas, the compressor comprising

an output circuit configured to operate compressively on an output fluid

supplied thereto;

b) a pressurized gas input system configured to provide the pressurized gas

for powering the compressor;

c) an exhaust system configured to convey spent gas from the compressor;

and

d) a work extraction system configured to extract work from the compressor

at least in part via said output fluid.

2 . The system according to claim 1, wherein the compressor comprises:

a) an input circuit configured to channel the pressurized gas through two or

more input piston-cylinder assemblies, wherein each input piston-

cylinder assembly is configured to expel spent gas after use;

b) an output circuit including two or more output piston-cylinder

assemblies, each output piston-cylinder assembly including an intake

valve for entry of fluid and an output valve for exit of compressed fluid;

c) a transfer system configured to transfer force generated in the input

piston-cylinder assemblies onto the output piston-cylinder assemblies;

d) a return system configured to facilitate a return stroke of at least a first

one of the input piston-cylinder assemblies following a power stroke

thereof;

e) a timing system configured to control input and exhaust of the

pressurized gas from the input piston-cylinder assemblies; and

f) a distribution system operatively coupled to the timing system, to the

pressurized input system, and to the input circuit, the distribution system

configured to cooperatively provide pressurized gas to the input piston-

cylinder assemblies.



3 . The system according to claim 2, wherein the return system comprises a rotating

crankshaft actuated by motion of at least one of the input piston-cylinder

assemblies.

4 . The system according to claim 3, wherein the timing system is actuated at least

in part directly or indirectly in accordance with rotational position of the rotating

crankshaft.

5 . The system according to claim 3, wherein the distribution system comprises a

rotating valve assembly actuated by the rotating crankshaft, the rotating valve

assembly configured to provide pressurized gas to one or more of the input

piston-cylinder assemblies according to rotational position of the rotating valve

assembly.

6 . The system according to claim 3, wherein the timing system comprises a gearbox

which transfers motion of the crankshaft to the distribution system.

7 . The system according to claim 2, wherein the timing system is actuated by

presence or absence of pressure in at least one of the input piston-cylinder

assemblies.

8 . The system according to claim 2, wherein the distribution system comprises one

or more mechanically or electrically controlled valves.

9 . The system according to claim 2, wherein axes of two or more of the input

piston-cylinder assemblies are offset from an axis of the crankshaft, such that

when a piston of a first input piston-cylinder assembly reaches the end of its

stroke, a piston of a second input piston-cylinder assembly has already passed the

end of its stroke and is thus in position to move when pressurized gas is

introduced into the cylinder.

10. The system according to claim 2, wherein at least one of the input piston-

cylinder assemblies and the output piston-cylinder assemblies comprises a piston

fitted with one or more double rings, each double ring comprising an O-ring set

into a groove and a machined ring made of a low-friction material, the O-ring

configured to apply outward pressure to the machined ring, thereby providing a



hermetic seal between each piston and an associated cylinder wall and reducing

need for lubrication.

11. The system according to claim 2, wherein the distribution system is configured

to cut off of supply of pressurized gas to an input piston-cylinder assembly

before an input piston thereof has completed its stroke, thereby allowing

pressurized gas already present within said cylinder to dilate by further

displacing the input piston.

12. The system according to claim 2, wherein the distribution system comprises:

a) a valve body housing comprising:

i) an input port connected to the pressurized gas input system;

ii) an output port connected to the exhaust system; and

iii) a cylinder port connected to one or more piston-cylinder

assemblies; and

b) a rotating valve body, rotatably fitted in the valve body housing, the

rotating valve body including a partial disk fitted with a seal made of a

low-friction material and a valve cover with a partial cut-out on its face;

wherein: in a first rotational position of the rotating valve body, a channel is

formed between the input port and the cylinder port, and the output port is

blocked; and in a second rotational position of the rotating valve body, a channel

is formed between the output port and the cylinder port, and the input port is

blocked.

13. The system according to claim 12, wherein the valve body housing further

comprises a secondary seal assembly operatively coupled to the input port, the

secondary sealing assembly comprising:

a) a recess that forms part of a channel of the input port;

b) an end piece formed within the recess, the end piece comprising a

flexible material;

c) a sealing disk movable along a longitudinal axis of the channel of the

input port between an open position and a closed position, the sealing

disk including one or more secondary channels therein, the sealing disk in

a spaced-apart configuration with the end piece in the open position

thereby facilitating passage of gas between the cylinder port and the input



port when in the open position, the sealing disk in contact with the end

piece in the closed position thereby sealing the cylinder port from the

input port when in the closed position; and

d) a guide assembly operatively coupled to the sealing disk, the guide

assembly comprising a protruding portion, the protruding portion

configured to engage with the rotating valve body to move the sealing

disk into the closed position, and to allow the sealing disk to move into

the open position when the protruding portion is not engaged by the

rotating valve body.

14. The system according to claim 2, wherein at least one output piston-cylinder

assembly comprises an integrated intake check valve, said integrated intake

check valve comprising:

a) an inner flange slideably coupled a portion of the output piston-cylinder

assembly, the inner flange movable between an extended position and a

retracted position, the inner flange having a first set of one or more holes

therein, said first set of holes configured to align with a second set of

holes formed in the output piston-cylinder assembly when said inner

flange is in the retracted position, thereby facilitating filling of the output

piston-cylinder assembly with fluid; and

b) a spring system configured to bias the inner flange into the extended

position thereof when pressure within the output piston-cylinder

assembly exceeds a predetermined amount relative to pressure outside the

output piston-cylinder assembly.

15. The system according to claim 2, wherein at least one output piston-cylinder

assembly comprises an integrated output check valve, said integrated output

check valve comprising:

a) an outer flange, slideably coupled over a portion of the output piston-

cylinder assembly, the outer flange movable between an extended

position and a retracted position, the outer flange configured to block

passage of fluid through one or more end holes when the outer flange is

in the retracted position, the outer flange configured to unblock passage

of fluid through said one or more end holes when the outer flange is in

the extended position, said one or more end holes formed in said portion



of the output piston-cylinder assembly, the outer flange further

comprising an outlet port;

b) a spring system configured to bias the outer flange into the retracted

position thereof when pressure within a channel configured to receive

fluid output from the outlet port exceeds a predetermined amount relative

to pressure within the output cylinder.

16. The system according to claim 2, wherein the input circuit comprises a first pair

of two or more input piston-cylinder assemblies and a second pair of two or

more input piston-cylinder assemblies, and wherein the timing system is

configured to operate the first pair of two or more input piston-cylinder

assemblies out of phase with the second pair of two or more input piston-

cylinder assemblies.

17. The system according to claim 2, wherein at least one of the output piston-

cylinder assemblies comprises an output piston attached to the transfer system by

a rod-end bearing with sufficient degrees of freedom to facilitate damage

prevention in the event of misalignment.

18. The system according to claim 1, wherein the system is configured to produce

pressure upon a liquid in a hydraulic circuit comprising a combination of one or

more valves, accumulators and motors, thereby producing motive force.

19. The system according to claim 1, wherein the system is configured to produce

pressure upon a liquid in a hydraulic circuit comprising a combination of one or

more valves, accumulators and motors, thereby driving a generator to produce

electricity.

20. The system according to claim 1, wherein the system is configured to be driven

by steam or another pressurized gas generated by one or more devices selected

from the group comprising: devices that concentrate heat from solar radiation,

devices that produce heat from the combustion of biomass, and devices the

produce heat from the combustion of other renewable or non-renewable fuels.

2 1. The system according to claim 1, wherein the system is configured to produce

pressurized air that is stored in a reservoir.



22. The system according to claim 1, wherein the system is configured to produce

pressurized air that is stored in a reservoir, said pressurized air being released in

varying amounts in order to turn a motor or turbine, which may in turn drive a

generator, so as to produce motive force or electricity as needed without a

storage device other than said reservoir.

23. The system according to claim 1, wherein the work extraction system comprises

an energy storage device.

24. The system according to claim 1, wherein the work extraction system is

configured to perform one or more operations selected from the group consisting

of: generating compressed air, providing motive force, and generating electricity.

25. A compressor powered by a pressurized gas, comprising:

a) an input circuit configured to channel the pressurized gas through two or

more input piston-cylinder assemblies, wherein each input piston-

cylinder assembly is configured to expel spent gas after use;

b) an output circuit including two or more output piston-cylinder

assemblies, each output piston-cylinder assembly including an intake

valve for entry of fluid and an output valve for exit of compressed fluid;

c) a transfer system configured to transfer force generated in the input

piston-cylinder assemblies onto the output piston-cylinder assemblies;

d) a return system configured to facilitate a return stroke of at least a first

one of the input piston-cylinder assemblies following a power stroke

thereof;

e) a timing system configured to control input and exhaust of the

pressurized gas from the input piston-cylinder assemblies; and

f) a distribution system operatively coupled to the timing system, to the

pressurized input system, and to the input circuit, the distribution system

configured to cooperatively provide pressurized gas to the input piston-

cylinder assemblies.



26. The compressor according to claim 25, wherein the return system comprises a

rotating crankshaft actuated by motion of at least one of the input piston-cylinder

assemblies.

27. The compressor according to claim 26, wherein the timing system is actuated

directly or indirectly in accordance with rotational position of the rotating

crankshaft.

28. The compressor according to claim 26, wherein the distribution system

comprises a rotating valve assembly actuated by the rotating crankshaft, the

rotating valve assembly configured to provide pressurized gas to one or more of

the input piston-cylinder assemblies according to rotational position of the

rotating valve assembly.

29. The compressor according to claim 25, wherein axes of two or more of the input

piston-cylinder assemblies are offset from an axis of the crankshaft, such that

when a piston of a first input piston-cylinder assembly reaches the end of its

stroke, a piston of a second input piston-cylinder assembly has already passed the

end of its stroke and is thus in position to move when pressurized gas is

introduced into the cylinder.

30. The compressor according to claim 25, wherein at least one of the input piston-

cylinder assemblies and the output piston-cylinder assemblies comprises a piston

fitted with one or more double rings, each double ring comprising an O-ring set

into a groove and a machined ring made of a low-friction material, the O-ring

configured to apply outward pressure to the machined ring, thereby providing a

hermetic seal between each piston and an associated cylinder wall and reducing

need for lubrication.

3 1. The compressor according to claim 25, wherein the distribution system is

configured to cut off of supply of pressurized gas to an input piston-cylinder

assembly before an input piston thereof has completed its stroke, thereby

allowing pressurized gas already present within said cylinder to dilate by further

displacing the input piston.



32. The compressor according to claim 25, wherein the distribution system

comprises:

a) a valve body housing comprising:

i) an input port connected to the pressurized gas input system;

ii) an output port connected to the exhaust system; and

iii) a cylinder port connected to one or more piston-cylinder

assemblies; and

b) a rotating valve body, rotatably fitted in the valve body housing, the

rotating valve body including a partial disk fitted with a seal made of a

low-friction material and a valve cover with a partial cut-out on its face;

wherein: in a first rotational position of the rotating valve body, a channel is

formed between the input port and the cylinder port, and the output port is

blocked; and in a second rotational position of the rotating valve body, a channel

is formed between the output port and the cylinder port, and the input port is

blocked.

33. The compressor according to claim 32, wherein the valve body housing further

comprises a secondary seal assembly operatively coupled to the input port, the

secondary sealing assembly comprising:

a) a recess that forms part of a channel of the input port;

b) an end piece formed within the recess, the end piece comprising a

flexible material;

c) a sealing disk movable along a longitudinal axis of the channel of the

input port between an open position and a closed position, the sealing

disk including one or more secondary channels therein, the sealing disk in

a spaced-apart configuration with the end piece in the open position

thereby facilitating passage of gas between the cylinder port and the input

port when in the open position, the sealing disk in contact with the end

piece in the closed position thereby sealing the cylinder port from the

input port when in the closed position; and

d) a guide assembly operatively coupled to the sealing disk, the guide

assembly comprising a protruding portion, the protruding portion

configured to engage with the rotating valve body to move the sealing

disk into the closed position, and to allow the sealing disk to move into



the open position when the protruding portion is not engaged by the

rotating valve body.

34. The compressor according to claim 25, wherein at least one output piston-

cylinder assembly comprises an integrated intake check valve, said integrated

intake check valve comprising:

a) an inner flange slideably coupled a portion of the output piston-cylinder

assembly, the inner flange movable between an extended position and a

retracted position, the inner flange having a first set of one or more holes

therein, said first set of holes configured to align with a second set of

holes formed in the output piston-cylinder assembly when said inner

flange is in the retracted position, thereby facilitating filling of the output

piston-cylinder assembly with fluid; and

b) a spring system configured to bias the inner flange into the extended

position thereof when pressure within the output piston-cylinder

assembly exceeds a predetermined amount relative to pressure outside the

output piston-cylinder assembly.

35. The compressor according to claim 25, wherein at least one output piston-

cylinder assembly comprises an integrated output check valve, said integrated

output check valve comprising:

a) an outer flange, slideably coupled over a portion of the output piston-

cylinder assembly, the outer flange movable between an extended

position and a retracted position, the outer flange configured to block

passage of fluid through one or more end holes when the outer flange is

in the retracted position, the outer flange configured to unblock passage

of fluid through said one or more end holes when the outer flange is in

the extended position, said one or more end holes formed in said portion

of the output piston-cylinder assembly, the outer flange further

comprising an outlet port;

b) a spring system configured to bias the outer flange into the retracted

position thereof when pressure within a channel configured to receive

fluid output from the outlet port exceeds a predetermined amount relative

to pressure within the output cylinder.



36. The compressor according to claim 25, wherein the input circuit comprises a first

pair of two or more input piston-cylinder assemblies and a second pair of two or

more input piston-cylinder assemblies, and wherein the timing system is

configured to operate the first pair of two or more input piston-cylinder

assemblies out of phase with the second pair of two or more input piston-

cylinder assemblies.

37. The compressor according to claim 25, wherein at least one of the output piston-

cylinder assemblies comprises an output piston attached to the transfer system by

a rod-end bearing with sufficient degrees of freedom to facilitate damage

prevention in the event of misalignment.
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Group A Claims 1 - 24

A s\stem loi extiacting woik Iiom a piessunsed gas using a gas poweied compiessoi compiising

a) a compiessoi poweied b\ a piessuiized gas compiising an output ciicuit
b) a piessuiized gas input s tem
c) an exhaust s\stem and
d) a \\ oik e\ti action s\stem

Group B Claims 25 - 37

A compiessoi poweied b\ a piessuiized gas compiising

a) an input ciicuit
b) an output ciicuit
c) a tianstei s\stem
d) a ietuin s\stem
e) a timing s\ stem and
f) a distiibution s\ stem
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