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RADIAL IMPULSE ENGINE, PUMP, AND COMPRESSOR
SYSTEMS, AND ASSOCIATED METHODS OF OPERATION

CROSS-REFERENCE TO RELATED APPLICATIONS INCORPORATED BY
REFERENCE

[0001] The present application claims priority to U.S. Provisional Patent
Application No. 60/676,017, filed April 29, 2005, and U.S. Provisional Patent
Application No. 60/719,631, filed September 21, 2005. U.S. Provisional Patent
Application No. 60/676,017 and U.S. Provisional Patent Application No. 60/719,631

are incorporated herein in their entireties by reference.

[0002] The present application is related to copending U.S. Patent Application
No. [Attorney Docket No. 56677.8001.US02], entitled "RADIAL IMPULSE ENGINE,
PUMP, AND COMPRESSOR SYSTEMS, AND ASSOCIATED METHODS OF
OPERATION," filed concurrently herewith; copending U.S. Patent Application No.
[Attorney Docket No. 56677.8001.US03], entitled "RADIAL IMPULSE ENGINE,
PUMP, AND COMPRESSOR SYSTEMS, AND ASSOCIATED METHODS OF
OPERATION," filed concurrently herewith; and copending U.S. Patent Application
No. [Attorney Docket No. 56677.8001.US04], entitled "RADIAL IMPULSE ENGINE,
PUMP, AND COMPRESSOR SYSTEMS, AND ASSOCIATED METHODS OF
OPERATION," filed concurrently herewith. Each of the U.S. Patent Applications

listed above is incorporated herein in its entirety by reference.
TECHNICAL FIELD

[0003] The following disclosure relates generally to engines, pumps, and similar

apparatuses and, more particularly, to internal combustion engines.
BACKGROUND

[0004] The efficiency of internal combustion engines is often expressed in
terms of thermal efficiency, which is a measure of an engine's ability to convert fuel
energy into mechanical power. Conventional internal combustion engines with

reciprocating pistons typically have relatively low thermal efficiencies. Conventional
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automobile engines, for example, typically have thermal efficiencies of about .25,
which means that about seventy-five percent of the fuel's energy is wasted during
engine operation. More specifically, about forty percent of the fuel's energy flows
out the exhaust pipe as lost heat, while another thirty-five percent is absorbed by the
cooling system (i.e., coolant, oil, and surrounding air flow). As a result of these
losses, only about twenty-five percent of the fuel's energy is converted into usable
power for moving the car and operating secondary systems (e.g., charging systems,
cooling systems, power-steering systems, etc.).

[0005] There are a number of reasons that conventional internal combustion
engines are so inefficient. One reason is that the cylinder head and walls of the
combustion chamber absorb heat energy from the ignited fuel but do no work.
Another reason is that the ignited fuel charge is only partially expanded before being
pumped out of the combustion chamber at a relatively high temperature and
pressure during the exhaust stroke. An additional reason is that reciprocating piston
engines produce very little torque through much of the piston stroke because of the

geometric relationship between the reciprocating piston and the rotating crankshatft.

[0006] While some advancements have been made in the field of piston engine
technology, it appears that the practical limits of piston engine efficiency have been
reached. The average fuel economy of new cars, for example, has increased by
only 2.3 miles-per-gallon (mpg) in the last 20 years or so. More specifically, the
average fuel economy of new cars has increased from 26.6 mpg in 1982 to only
28.9 mpg in 2002.

[0007] Although a number of alternatives to the conventional internal
combustion engine have been proposed, each offers only marginal improvements.
Hybrid vehicles, for example (e.g., the Toyota Prius), and alternative fuel systems
(e.g., propane, natural gas, and biofuels) still use conventional reciprocating piston
engines with all of their attendant shortcomings. Electric cars, on the other hand,
have limited range and are slow to recharge. Hydrogen fuel cells are another
alternative, but implementation of this nascent technology is relatively expensive and
requires a new fuel distribution infrastructure to replace the existing petroleum-based
infrastructure. Accordingly, while each of these technologies may hold promise for
the future, they appear to be years away from mass-market acceptance.
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SUMMARY

[0008] This summary is provided for the benefit of the reader only, and does not
limit the invention as set forth by the claims.

[0009] The present invention is directed generally toward engines, pumps, and
similar energy conversion devices that convert thermal energy into mechanical
energy or, alternatively, convert mechanical energy into fluid energy. An internal
combustion engine configured in accordance with one aspect of the invention
includes a first end wall portion spaced apart from a second end wall portion to at
least partially define a pressure chamber therebetween. The engine further includes
first and second movable V-members operably disposed between the first and
second end wall portions. The first V-member is configured to pivot about a first
pivot axis and includes a first wall portion positioned adjacent to a second wall
portion. The first wall portion has a first distal edge portion and the second wall
portion has a first cylindrical surface. The second movable V-member is configured
to pivot about a second pivot axis and has a third wall portion positioned adjacent to
a fourth wall portion. The third wall portion has a second distal edge portion and the
fourth wall portion has a second cylindrical surface. In operation, the first distal edge
portion of the first wall portion slides across the second cylindrical surface of the
fourth wall portion, and the second distal edge portion of the third wall portion slides
across the first cylindrical surface of the second wall portion, as the first V-member
pivots about the first pivot axis and the second V-member pivots about the second
pivot axis.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010] Figure 1 is a schematic isometric view of a portion of a radial impulse

engine configured in accordance with an embodiment of the invention.

[0011] Figures 2A-2E are a series of top views illustrating a method of operating
the engine of Figure 1 in a two-stroke mode in accordance with an embodiment of

the invention.

[0012] Figure 3 is a schematic top view illustrating various geometrical features
of the engine of Figure 1.
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[0013] Figures 4A and 4B are schematic top views of a radial impulse engine
configured in accordance with another embodiment of the invention.

[0014] Figure 5 is a schematic isometric view of a portion of a radial impulse

engine configured in accordance with another embodiment of the invention.

[0015] Figures 6A-61 are a series of fop views illustrating operation of the
engine of Figure 5 in a four-stroke mode in accordance with an embodiment of the

invention.

[0016] Figures 7A-7B are schematic top views of a portion of a radial impulse
engine having a plurality of tri-chordons configured in accordance with a further

embodiment of the invention.

[0017] Figure 8 is a schematic top view of a radial impulse engine having a
relatively high number of tri-chordons in accordance with yet another embodiment of

the invention.

[0018] Figure 9 is a schematic isometric view of a portion of a radial impulse
engine configured in accordance with a further embodiment of the invention.

[0019] Figures 10A-10D are a series of schematic top views illustrating
operation of the engine of Figure 9 in a four-stroke mode in accordance with another
embodiment of the invention.

[0020] Figure 11 is a schematic top view of a portion of a radial impulse engine

that is similar to the engine described above with reference to Frigures 9-10D.

[0021] Figures 12A and 12B are schematic top views of a portion of a radial
impulse engine configured in accordance with yet another embodiment of the
invention.

[0022] Figures 13A-13C are a series of schematic views of a dual-barrel radial

impuise engine configured in accordance with a further embodiment of the invention.

[0023] Figures 14A-14D are a series of schematic views of a radial impulse

engine configured in accordance with yet another embodiment of the invention.

[0024] Figures 15A-15D are a series of schematic views of a chordon.
apparatus configured in accordance with a further embodiment of the invention.
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DETAILED DESCRIPTION

[0025] The following disclosure provides detailed descriptions of a number of
different engine, pump, and compressor systems, as well as a number of different
methods for operating such systems. Certain details are set forth in the following
description to provide a thorough understanding of various embodiments of the
invention.  Other details describing well-known structures and systems often
associated with internal combustion engines, steam engines, pumps, compressors,
and similar devices are not set forth below, however, to avoid unnecessarily

obscuring the description of the various embodiments of the invention.

[0026] Many of the details, dimensions, angles, and other features shown in the
Figures are merely illustrative of particular embodiments of the invention.
Accordingly, other embodiments can have other details, dimensions, angles, and/or
features without departing from the spirit or scope of the present invention.
Furthermore, additional embodiments of the invention can be practiced without
several of the details described below.

[0027] In the Figures, identical reference numbers identify identical or at least
generally similar elements. To facilitate the discussion of any particular element, the
most significant digit or digits of any reference number refer to the Figure in which
that element is first intfroduced. For example, element 140 is first introduced and

discussed with reference to Figure 1.

l. Embodiments of Radial Impuise Internal Combustion Engines

[0028] Figure 1 is a schematic isometric view of a portion of a radial impulse
engine 100 ("engine 100") configured in accordance with an embodiment of the
invention. A number of components of the engine 100 are not shown in Figure 1 for
purposes of clarity. In one aspect of this embodiment, the engine 100 includes a
plurality of movable V-members 140 (identified individually as a first V-member 140a
and a second V-member 140b) configured to pivot about corresponding pivot axes P
(identified individually as a first pivot axis Pa and a second pivot axis Pb). For ease
of reference, the V-members 140 are referred to herein as "V-chordons 140." In the
illustrated embodiment, the first V-chordon 140a is identical (or at least generally
similar) to the second V-chordon 140b. Each of the V-chordons 140 includes a
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compression wall portion 141 (identified individually as compression wall portions
141a and 141b) and a swept wall portion 142 (identified individually as swept wall
portions 142a and 142b). Each of the compression wall portions 141 includes a
pressure surface 146 (identified individually as pressure surfaces 146a and 146b)
extending at least partially between a first distal edge portion 145 (identified
individually as first distal edge portions 145a and 145b) and the corresponding pivot
axis P. Each of the swept wall portions 142 includes a cylindrical swept surface 144
(identified individually as swept surfaces 144a and 144b) extending at least partially
from a second distal edge portion 147 (identified individually as second distal edge
portions 147a and 147b) toward the adjacent pressure surface 146.

[0029] The engine 100 further includes at least one fuel injector 134 and at
least one igniter 132 positioned proximate to a combustion chamber 103. In the
illustrated embodiment, the combustion chamber 103 is at least partially formed by
opposing recesses in the compression wall portions 141. In other embodiments,
however, the combustion chamber 103, the fuel injector 134, and/or the igniter 132
can have other locations and/or other configurations that differ from those illustrated
in Figure 1. For example, in other embodiments, the fuel injector 134 can be
replaced and/or augmented by a carburetor providing fuel/air mixture via an

associated inlet.

[0030] As mentioned above, many features of the engine 100 have been
omitted from Figure 1 for purposes of clarity. These components can include, for
example, various components associated with power take-out, air intake, exhaust,
ignition timing, and V-chordon synchronization. These and other features of the

engine 100 are described in greater detail below with reference to Figures 2A-2D.

[0031] Figures 2A-2E are a series of top views illustrating a method of operating
the engine 100 in a two-stroke mode in accordance with an embodiment of the
invention. These Figures illustrate a number of engine components that were
omitted from Figure 1 for purposes of clarity. For example, Figure 2A illustrates that
the V-chordons 140 are pivotally disposed between a first end plate 204a and a
second end plate 204b. A scavenging barrel 202 extends between the first end
plate 204a and the second plate 204b, and includes a first sidewall portion 221a and
an opposing second side wall portion 221b. Each of the sidewall portions 221

includes at least one one-way valve 226 (identified individually as one-way valves

-6-
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226a and 226b) configured to admit air into the scavenging barrel 202 during engine
operation.

[0032] The first end plate 204a includes a first exhaust port 230a and a second
exhaust port 230b. As described in greater detail below, the exhaust ports 230 are
configured to direct exhaust gasses out of the combustion chamber 103 during
engine operation. The second end plate 204b includes a first scavenging chamber
250a and a second scavenging chamber 250b. Each scavenging chamber 250
includes an inlet 251 and a corresponding outlet 252. As described in greater detail
below, the scavenging chambers 250 enable pressurized air from behind each of the
compression wall portions 141 to flow into the combustion chamber 103 during

engine operation.

[0033] Each of the V-chordons 140 is fixedly attached to a corresponding wrist
shaft 220 (identified individually as a first wrist shaft 220a and a second wrist shaft
220b) which pivots about the corresponding pivot axis P. In the illustrated
embodiment, each of the wrist shafts 220 extends through the first end plate 204a
and is operably coupled to a corresponding timing gear 222 (identified individually as
a first timing gear 222a and a second timing gear 222b). Each of the timing gears
222 is operably engaged with a ring gear 228 which is configured to rotate back and
forth about its central axis. A crank-arm 229 extends outwardly from the ring gear
228 and is pivotably coupled to a connecting rod 262. The connecting rod 262 is in
turn pivotally coupled to a crankshaft 270. The crankshaft 270 can include one or
more flywheels 272 of sufficient mass to drive the V-chordons 140 through a

compression (i.e., inward) portion of their cycle as described in greater detail below.

[0034] The closed chordon position illustrated in Figure 2A can be referred to
as "top dead center" (i.e., "TDC") for ease of reference. The TDC position of the
V-chordons 140 corresponds to the TDC position of the crankshaft 270. At this point
in the cycle, the fuel injector 134 has injected fuel into the combustion chamber 103,
and the igniter 132 has ignited the compressed fuel/air mixture. The resulting
combustion drives the compression wall portions 141 outwardly, causing the wrist
shafts 220 to rotate in a clockwise direction about their respective pivot axes P. As
the wrist shafts 220 rotate, the timing gears 222 drive the ring gear 228 in a
counterclockwise direction. As the ring gear 228 rotates, it transmits power from the
V-chordons 140 to the crankshaft 270 via the crank-arm 229.

7-
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[0035] Referring next to Figure 2B, as the V-chordons 140 continue rotating in
the clockwise direction, the first distal edge portion 145 of each compression wall
portion 141 slides across the adjacent swept surface 144 of the opposing swept wall
portion 142, thereby maintaining a satisfactory seal of the combustion chamber 103.
Although not shown in Figures 1-2E, each of the distal edge portions 145 (and/or
other portions of the V-chordons 140) can include a metallic seal or other device to
enhance sealing between adjacent surfaces. Such devices are described in detail in
U.S. Provisional Patent Application No. 60/676,017, which is incorporated into the
present disclosure in its entirety by reference.

[0036] As the compression wall portions 141 approach the position shown in
Figure 2C, the expanding exhaust gasses begin to flow out of the combustion
chamber 103 through the exposed exhaust ports 230. As the compression wall
portions 141 continue moving outwardly, they compress the intake charges trapped
between them and the adjacent sidewall portions 221. As the compression wall
portions 141 approach the position shown in Figure 2D, they drive these
compressed air charges into the combustion chamber 103 via the scavenging
chambers 250. The incoming air helps drive the exhaust gasses out of the
combustion chamber 103 through the exhaust ports 230.

[0037] When the V-chordons 140 reach the position shown in Figure 2D (i.e.,
the "bottom dead center” or "BDC" position), the kinetic energy of the crankshaft 270
causes the V-chordons 140 to reverse direction and begin rotating toward the TDC
position of Figure 2A. As the compression walls portions 141 rotate in the
counterclockwise direction, they drive the remaining exhaust gasses out of the
combustion chamber 103 through the exhaust ports 230. In addition, this inward
movement of the compression wall portions 141 draws air into the scavenging barrel
202 through the one-way valves 226.

[0038] Referring next to Figure 2E, the compression wall portions 141
compress the air in the combustion chamber 103 as they continue moving inwardly
past the exhaust ports 230. When the V-chordons 140 are at or near the TDC
position of Figure 2A, the fuel injector 134 sprays fuel into the combustion chamber
103 and the igniter 132 ignites the compressed fuel/air mixture. The resulting
combustion drives the V-chordons 140 outwardly in the clockwise direction and the
cycle described above repeats.
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[0039] Although the engine 100 described above includes transfer chambers
and exhaust ports for moving the charge into and out of the combustion chamber
103, in other embodiments, similar engines configured in accordance with aspects of
the present invention can include poppet valves for performing these functions. For
example, in one embodiment, an engine similar to the engine 100 can include
centrally-located poppet valves on each of the end plates 204 for expelling exhaust
gases from the combustion chamber 103. Such an arrangement would allow for
dual scavenging chambers, one on the first end plate 204a and another on the
second end plate 204b, for admitting intake charge into the combustion chamber
103. In a further embodiment, an engine similar to the engine 100 can be
configured to operate as a four-stroke engine using poppet valves. Accordingly,
aspects of the embodiment illustrated in Figures 1-2E are not limited to the particular
two-stroke features described above, but extend to other embodiments that may

include other two- and four-stroke features.

1. Selected Chordon Features

[0040] Figure 3 is a schematic top view of a portion of the engine 100 for the
purpose of illustrating some of the geometrical features of the V-chordons 140. For
example, Figure 3 illustrates that the pivot axes P are equally spaced about a circle
C. The circle C has a diameter D, which is equal to a radius of curvature R of the
swept surfaces 144.

[0041] For a given V-chordon 140, one method for positioning the swept
surface 144 relative to the pressure surface 146 is as follows: First (referring to the
first V-chordon 140a for ease of reference), a desired length L of the pressure
surface 146a is selected. Next, a desired location of the pressure surface 146a at
TDC (shown by the phantom lines in Figure 3) is selected. For example, if the
length L of the pressure surface 146a is less than the diameter D of the circle C,
then the length L can be centered between the two pivot axes P at TDC. If the
length L of the compression wall surface 146a is greater than the diameter D of the
circle C, then the length L does not have to be centered relative to the two pivot axes
P at TDC. (Such embodiments, however, may result in V-chordons that are not

identical to each other.) Selecting the length and location of the pressure surface
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146a in the forgoing manner dictates a first point PT; where the swept surface 144a
intersects the pressure surface 146a.

[0042] Next, both compression wall portions 141 are rotated outwardly from the
TDC position to a partially open position, such as the partially open position shown
by the solid line in Figure 3. The first swept wall portion 142a is then rotated about
point PT; until the distal edge portion 145b of the second compression wall portion
141b just contacts the swept surface 144a. This establishes a second point PT2
where the distal edge portion 145b contacts the swept surface 144a. Together, the
two points PTy and PT,, positively locate the swept surface 144a relative to the

pressure surface 146a.

[0043] As the discussion above with reference to Figure 3 illustrates, the
cylindrical swept surfaces 144 of the V-chordons 140 do not have to intersect the
corresponding pivot axes P for the engine 100 to function properly. That is, the
swept surfaces 144 can be positioned inboard or outboard of the corresponding
pivot axes P and the V-chordons 140 will still open and close smoothly, maintaining
chordon-to-chordon sliding contact for sufficient sealing of the combustion chamber
103.

[0044] For example, Figures 4A and 4B are schematic top views of a radial
impulse engine 400 ("engine 400") configured in accordance with another
embodiment of the invention. In this embodiment, the engine 400 includes two
V-chordons 440 having cylindrical surfaces 444 positioned inboard of the respective
pivot axes P. In similar fashion, other engines configured in accordance with the
present disclosure can have cylindrical swept surfaces positioned outboard of the

respective pivot axes P.

1. Further Embodiments of Radial Impulse Internal Combustion Engines

[0045] Figure 5 is a schematic isometric view of a portion of a radial impulse
engine 500 ("engine 500") configured in accordance with a further embodiment of
the invention. In one aspect of this embodiment, the engine 500 includes a first
V-chordon 540a and a second V-chordon 540b that are similar to the V-chordons
described above with reference to Figures 1-4B. In this particular embodiment,
however, each of the V-chordons 540 includes a first swept wall portion 541
(identified individually as first swept wall portions 541a and 541b) and a second

-10-
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swept wall portion 542 (identified individually as second swept wall portions 542a
and 542b). Each of the first swept wall portions 541 includes a corresponding first
swept surface 544 (identified individually as first swept surfaces 544a and 544b),
and each of the second swept wall portions 542 includes a corresponding second
swept surface 546 (identified individually as second swept surfaces 546a and 546b).

[0046] In the illustrated embodiment, each of the second swept surfaces 546
includes an exhaust valve cutout 551 (identified individually as exhaust valve cutouts
551a and 551b) and an intake valve cutout 552 (identified individually as intake
valve cutouts 552a and 552b). As described in greater detail below, the exhaust
valve cutouts 551 are configured to accommodate an exhaust valve 530 as it
extends into a combustion chamber 503. Similarly, the intake valve cutouts 552 are
configured to accommodate an intake valve 531 as it extends into the combustion
chamber 503.

[0047] In another aspect of this embodiment, the engine 500 further includes a
first fuel injector 534a positioned proximate to a first igniter 532a (e.g. a first spark
plug), and a second fuel injector 534b positioned proximate to a second igniter 532b
(e.g., a second spark plug). The fuel injectors 534 are configured to inject fuel into
the combustion chamber 503 for subsequent ignition by the igniters 532.

[0048] Figures 6A-6] are a series of top views illustrating operation of the
engine 500 in a four-stroke mode in accordance with an embodiment of the
invention. Referring first to Figure 6A, each of the V-chordons 540 is attached to a
corresponding wrist shaft 620 (identified individually as a first wrist shaft 620a and a
second wrist shaft 620b). The wrist shafts 620 extend between a first end plate
604a and a second end plate 604b, and are configured to rotate back and forth
about corresponding pivot axes P (identified individually as a first pivot axis Pa and
second pivot axis Pp). Although not shown in Figure 6A, each of the wrist shafts 620
can be operably engaged with a crankshaft or other device for synchronizing motion
of the V-chordons 540 and/or for power-takeout, as described above with reference
to, for example, Figures 2A-2E.

[0049] In the illustrated embodiment, the fuel injectors 534 and the igniters 532
are carried by the first end plate 604a. In other embodiments, however, one or more

of the fuel injectors 534 and/or the igniters 532 can be omitted or, alternatively,

11-
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additional injectors and/or igniters can be located in other positions around the
combustion chamber 503. For example, in another embodiment, one or more fuel

injectors and/or igniters can be carried by the second end plate 604b.

[0050] In Figure 6A, the V-chordons 540 are in a first TDC position at the end of
the compression stroke. At this point in the cycle, the fuel injectors 534 have
injected fuel into the combustion chamber 503, and the igniters 532 have ignited the
compressed fuel/air mixture. The resulting combustion drives the first swept wall
portions 541 outwardly as the V-chordons 540 rotate about the pivot axes P in the

clockwise direction.

[0051] Referring next to Figure 6B, as the V-chordons 540 continue rotating in
the clockwise direction, a first distal edge portion 545a of the first swept wall portion
541a slides across the second swept surface 546b of the second swept wall portion
542b. Simultaneously, a first distal edge portion 545b of the first swept wall portion
541b slides across the second swept surface 546a of the second swept wall portion
542a. The sliding contact of the respective wall portions sufficiently seals the
combustion chamber 503 to prevent the expanding exhaust gases from escaping.
When the V-chordons 540 reach the midpoint of their stroke as shown in Figure 6C
(which, for ease of reference, can be referred to as the "bottom dead center" or
“BDC" position), the exhaust valve 530 begins to move into the combustion chamber
503, allowing exhaust gasses to flow out of the combustion chamber 503 through an
exhaust port 658 in the first end plate 604a.

[0052] Referring next to Figure 6D, as the V-chordons 540 continue rotating in
the clockwise direction, a second distal edge portion 547a of the second swept wall
portion 542a slides across the first swept surface 544b of the first swept wall portion
541b. Simultaneously, a second distal edge portion 547b of the second swept walll
portion 542b slides across the first swept surface 544a of the first swept wall portion
541a. The sliding contact of the respective wall portions continues to seal the

combustion chamber 503 and prevent significant pressure leaks.

[0053] Although not shown in Figures 6A-6l, each of the distal edge portions
545 and 547 (and/or other portions of the V-chordons 540) can include a seal or
other device to enhance sealing between adjacent surfaces. Such devices are
described in detail in U.S. Provisional Patent Application No. 60/676,017, which is

12-
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incorporated into the present disclosure in its entirety by reference. As the second
swept wall portions 542 continue moving inwardly, they drive exhaust gasses out of
the combustion chamber 503 through the open exhaust port 658.

[0054] As the V-chordons 540 approach the second TDC position shown in
Figure 6E, the exhaust valve cutouts 551 (see also Figure 5) prevent the second
swept wall portions 542 from striking the open exhaust valve 530. At or about this
time, the intake valve 531 (Figure 5) starts moving into the combustion chamber
503, allowing a fresh charge of air to begin flowing into the combustion chamber 503
through the open intake port (not shown) in the second end plate 604b. The intake
valve cutouts 552 (Figure 5) prevent the second swept wall portions 542 from
striking the open intake valve 531. After momentarily stopping at the second TDC
position, the V-chordons 540 start rotating outwardly in the counterclockwise

direction.

[0055] As the V-chordons 540 approach the position shown in Figure 6F, the
intake valve 531 is fully, or near-fully open, and the continued outward movement of
the second swept wall portions 542 rapidly fills the combustion chamber 503 with the
fresh intake charge. When the V-chordons 540 again reach the midpoint or BDC
position shown in Figure 6G, the intake valve 531 closes so that further inward
motion of the first swept wall portions 541, as shown in Figure 6H, compresses the
intake charge. As the V-chordons 540 return to the first TDC position shown in
Figure 61, the fuel injectors 534 inject fuel into the combustion chamber 503 for
- subsequent ignition by the igniters 532. At this point in the cycle, both the intake
valve 531 and the exhaust valve 530 are fully closed. Consequently, the resulting
combustion drives the V-chordons 540 outwardly in the clockwise direction and the

four-stroke cycle described above repeats.

[0056] As those of ordinary skill in the art will appreciate, various engines at
least generally similar in structure and function to the engine 500 described above
can be equipped with other intake, exhaust, and ignition system configurations
without departing from the spirit or scope of the present disclosure. For example,
other engines can include one or more transfer ports in the end walls 604 (Figure
6A) and/or the swept wall portions 541 or 542 for introduction of intake charges into,
and/or for expelling exhaust gases out of, the combustion chamber 503.

Alternatively, the intake valve 531 and/or the exhaust valve 530 can be replaced by
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poppet valves that extend through the chordon faces and are actuated by relative
movement between the V-chordons 540 and adjacent structures. Similarly, the fuel
injectors 534 can be omitted and a carburetion system can be used to introduce a
fuel/air mixture into the combustion chamber 503. In another embodiment, an
engine at least generally similar in structure and function to the engine 500
described above can be configured to operate in a two-stroke mode without
departing from the spirit or scope of the present disclosure.

[0057] In yet other embodiments of the invention, two or more engines similar to
the engine 500, the engine 100 (Figures 1-3), or the engine 400 (Figure 4) can be
coupled together in various bi-axial and/or co-axial multi-chamber arrangements as
described in detail in related U.S. Provisional Patent Application No. 60/676,017. In
still further embodiments, various systems having V-chordons at least generally
similar in structure and function to the V-chordons 140, 440, and 540 described
above can be utilized in various pumps and compressor systems. Accordingly, the
present invention is not limited to the particular embodiments described above, but
extends to any and all embodiments encompassing one or more of the inventive

aspects described herein.

[0058] Figures 7A-7B are schematic top views of a portion of an engine 700
having a plurality of tri-chordons 740 (identified individually as tri-chordons 740a-f)
configured in accordance with another embodiment of the invention. Referring to
Figures 7A and 7B together, in this embodiment, each of the tri-chordons 740
includes a first swept wall portion 741, a second swept wall portion 742, and a third
swept wall portion 743. During engine operation, each of the tri-chordons 740 pivots
back and forth in unison about a corresponding pivot axis P (identified individually as
pivot axes Pa-f). As the tri-chordons 740 pivot, the swept wall portions 741, 742 and
743 of each tri-chordon 740 cooperate with the adjacent swept wall portions 741,
742 and 743 of the two neighboring tri-chordons 740 in the manner described above
for the engine 500 of Figures 5-61. For example, the first swept wall portion 741a
and the second swept wall portion 742a of the first tri-chordon 740a cooperate with
the first swept wall portion 741b and the third swept wall portion 743b, respectively,
of the second tri-chordon 740b. In this manner, each pair of cooperating tri-
chordons (e.g., the first tri-chordon 740a and the second tri-chordon 740b) can
function as an independent "sub-engine." In other embodiments, the chambers
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between cooperating tri-chordons 740 can be configured to operate as pumps,
compressors, etc.

[0059] In yet other embodiments, adjacent pairs of tri-chordons 740 can be
configured to operate in alternating cycles so that, for example, one tri-chordon is
rotating outwardly on the combustion stroke as the adjacent tri-chordon is rotating
inwardly on the compression stroke. In a further embodiment, an inner chamber 703
of the engine 700 can be configured to operate as another engine, pump, or
compressor chamber. As Figure 8 illustrates, the number of tri-chordons that can be
combined in the foregoing manner is virtually limitless.

[0060] Figure 9 is an isometric view of a portion of a radial impulse engine 900
("engine 900") configured in accordance with another embodiment of the invention.
The engine 900 includes a plurality of chordons 940 (identified individually as
chordons 940a-940c) configured to rotate back and forth about corresponding pivot
axes P (identified individually as pivot axes Pa-c). The pivot axes P are evenly
spaced around a circle C. In one aspect of this embodiment, each of the chordons
940 has a cylindrical swept surface 944 (identified individually as swept surfaces
944a-c) extending between a first distal edge portion 945 (identified individually as
first distal edge portions 945a-c) and a second distal edge portion 947 (identified
individually as second distal edge portions 947a-c). Each of the swept surfaces 944
has a radius of curvature R that is equivalent (or at least approximately equivalent)
to a straight line distance D between adjacent pivot axes P.

[0061] In another aspect of this embodiment, the engine 900 further includes a
fuel injector 934 and an igniter 932 positioned proximate to a combustion chamber
903. As described in greater detail below, an intake valve 931 opens into the
combustion chamber 903 at selected times during engine operation to admit fresh
intake charges through an associated intake port (not shown). An exhaust valve 930
also opens into the combustion chamber 903 at selected times during engine
operation to allow exhaust gasses to escape through an associated exhaust port
(also not shown).

[0062] Figures 10A-10D are a series of schematic top views illustrating
operation of the engine 900 in a four-stroke mode in accordance with an

embodiment of the invention. Referring first to Figure 10A, in this view the chordons
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940 are at the innermost part of their pivotal stroke which, for ease of reference, can
be referred to as the TDC position on the compression stroke. At this point in the
cycle, the fuel injector 934 has injected fuel into the combustion chamber 203 and
the igniter 932 has ignited the compressed fuel/air mixture. The resulting
combustion drives the chordons 940 outwardly about the pivot axes P in the

clockwise direction.

[0063] As the chordons 940 continue rotating outwardly toward the position of
Figure 10B, the first distal edge portion 945 of each of the chordons 940 slides
across the swept surface 944 of the adjacent chordon 940 to seal the expanding
combustion chamber 903. In addition, at this point in time the exhaust valve 930
starts to open, allowing exhaust gasses to begin flowing out of the combustion
chamber 903.

[0064] Referring next to Figure 10C, continued rotation of the chordons 940 in
the clockwise direction pushes the exhaust gasses out of the combustion chamber
903 as the combustion chamber 903 starts to contract. As the chordons 940
approach the TDC position on the exhaust stroke as shown in Figure 10D, the
exhaust valve 930 starts to close and the intake valve 931 starts to open, allowing a
fresh intake charge to begin flowing into the combustion chamber 903. When the
chordons 940 reach the position of Figure 10D, the chordons 940 stop and begin

rotating in the counterclockwise direction about their respective pivot axes P.

[0065] The intake valve 931 continues to open as the chordons 940 approach
the position shown in Figure 10C, allowing the fresh intake charge to fill the
combustion chamber 903. When the chordons 940 reach the position of Figure
10C, the intake valve 931 starts to close so that continued rotation of the chordons
940 in the counterclockwise direction compresses the intake charge. When the
chordons 940 reach the TDC position shown in Figure 10A, the intake charge is fully
compressed. At or about this time, the fuel injector 934 injects a fresh charge of fuel
into the combustion chamber 903 and the igniter 932 ignites the compressed fuel/air
mixture. The resulting combustion drives the chordons 940 outwardly in the

clockwise direction and the cycle described above repeats.

[0066] Figure 11 is a schematic top view of a portion of a radial impulse engine
1100 ("engine 1100") that is similar to the engine 900 described above with
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reference to Figures 9-10D. For example, the engine 1100 includes three chordons
1140 (identified individually as chordons 1140a-c) configured to pivot about
corresponding pivot axes P (identified individually as pivot axes Pa-c). In this
particular embodiment, however, each of the chordons 1140 includes two swept
surfaces 1144 (identified individually as a first swept surface 1144a and second
swept surface 1144b). The two-swept-surface chordon configuration of Figure 11
can be thought of as two of the chordons 940 of Figure 9 positioned side-by-side.
Having two swept surfaces configured in this manner enables the chordons 1140 to
continue rotation beyond the TDC position during engine operation, as shown by the
phantom lines in Figure 11. This feature allows the engine 1100 to operate with
longer reciprocating strokes than the engine 900 described above. In another
embodiment, this feature can also allow the engine 1100 to operate with
unidirectional chordon rotation if desired, thereby omitting any back-and-forth cyclic

motion.

[0067] Figures 12A-12B are schematic top views of a portion of a radial impulse
engine 1200 ("engine 1200") configured in accordance with yet another embodiment
of the invention. Referring to Figures 12A and 12B together, the engine 1200
includes a plurality of chordons 1240 (identified individually as chordons 1240a-f)
configured to rotate back and forth about corresponding pivot axes P (identified
individually as pivot axes Pa-f). Each chordon 1240 includes a swept surface 1244
(identified individually as swept surfaces 1244a-f) having a radius of curvature R
which is equal to the straight line distance between the pivot axis P and an adjacent
wrist shaft 1220.

[0068] When the chordons 1240 are in the TDC position shown in Figure 12A,
they form a combustion chamber 1203. Ignition of an fuel/air mixture in the
combustion chamber 1203 drives the chordons 1240 outwardly about the pivot axes
P in the clockwise direction. As each chordon 1240 rotates, its swept surface 1244
seals against the wrist shaft 1220 of the adjacent chordon 1240, as shown in Figure
12B. Once the chordons 1240 reach the BDC position of Figure 12B, they stop and
reverse rotation toward the TDC position of Figure 12A.

[0069] A number of components of the engines 1100 and 1200 are not shown
in Figures 11-12B for purposes of better illustrating the features of these particular

chordon configurations. Those of ordinary skill in the relevant art will appreciate,
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however, that the engines 1100 and 1200 can include various combinations of the
intake, exhaust, ignition, timing, power-takeout and/or other features described in
detail above with reference to Figures 1-8 to function in both two- and four-stroke
modes. In addition, other engines similar in structure and function to the engine
1200 can include more or fewer chordons similar to the chordons 1240. For
example, in one other embodiment, an engine similar to the engine 1200 can include
four chordons similar in structure and function to the chordons 1240. In further
embodiments, other engines can include seven, eight or nine chordons similar to the
chordons 1240.

[0070] Furthermore, the engines 1100 and 1200 can also include one or more
of the features described in detail in related U.S. Provisional Patent Application
Serial No. 60/676,017. In addition, those of ordinary skill in the art will readily
appreciate that many, if not all, of the engines described herein and in U.S.
Provisional Patent Application Serial No. 60/676,017 can include other components
known in the art for performing intake, exhaust, ignition, timing, power take-out
and/or other engine functions without departing from the spirit or scope of the

present invention.

[0071] Figures 13A-13C are a series of schematic diagrams of a dual-barrel
radial impulse engine 1300 ("engine 1300") configured in accordance with a further
embodiment of the invention. Referring first to Figure 13A, in one aspect of this
embodiment, the engine 1300 includes a movable half-barrel chordon 1340 and a
stationary block 1350. The stationary block 1350 includes a first swept surface
1346a and a second swept surface 1346b. The chordon 1340 includes a third swept
surface 1346¢ extending between a first distal edge portion 1345a and a second
distal edge portion 1345b. Each of the swept surfaces 1346 has a radius of
curvature R.

[0072] In another aspect of this embodiment, the chordon 1340 is movably
supported by two parallel links 1360a and 1360b. Each of the links 1360 has a
length L which is equivalent to the radius of curvature R of the swept surfaces 1346.
During operation of the engine 1300, the chordon 1340 swings back-and-forth on the
parallet links 1360 as the first and second distal edge portions 1345 slide across the
swept surfaces 1346 of the engine block 1350.
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[0073] Each of the links 1360 can be operably coupled to a corresponding wrist
shaft 1320 (identified individually as wrist shafts 1320a and 1320b) which is
configured to pivot about a corresponding pivot axis P (identified individually as pivot
axes Pa and Pb). In the illustrated embodiment, each of the wrist shafts 1320 can
be operably engaged with a corresponding timing gear 1322. Each of the timing
gears 1322 can be engaged with a ring gear 1328 which is operably coupled to a
connecting rod 1362 via a crank-arm 1329. The connecting rod 1362 is in turn
operably coupled to a crankshaft 1370.

[0074] In a further aspect of this embodiment, the engine 1300 also includes a
first fuel injector 1334a, a first igniter 1332a, and a first exhaust valve 1330a
positioned proximate to a first combustion chamber 1303a, and a second fuel
injector 1334b, a second igniter 1332b, and a second exhaust valve 1330b
positioned proximate to a second combustion chamber 1303b. Although not shown
in Figure 13A, the engine 1300 can further include first and second intake valves
configured to admit fresh intake charges into the first and second combustion
chambers 1303, respectively, during engine operation.

[0075] As the chordon 1340 moves to the position shown in Figure 13A, it
draws a fresh intake charge into the first combustion chamber 1303a, and
compresses the intake charge in the second combustion chamber 1303b. Thus, in
this position, the chordon 1340 is at the BDC position on the intake stroke for the
first combustion chamber 1303a, and at the TDC position on the compression stroke
for the second combustion chamber 1303b. At or about this time, the second fuel
injector 1334b injects fuel into the second combustion chamber 1303b, and the
second igniter 1332b ignites the compressed fuel/air mixture. The resulting
combustion drives the chordon 1340 to the right as the parallel links 1360 rotate in a

counterclockwise direction about their respective pivot axes P.

[0076] As the chordon 1340 swings toward the position shown in Figure 13B,
the first and second distal edge portions 1345 slide across the swept surfaces 1346
of the engine block 1350 to sufficiently seal the combustion chambers 1303. In the
first combustion chamber 1303a, the intake charge is compressed as the expanding
gases in the second combustion chamber 1303b continue to drive the chordon 1340
to the right. In the second combustion chamber 1303b, the second exhaust valve
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1330b starts to open as the chordon 1340 approaches the position shown in Figure
13C.

[0077] In Figure 13C, the chordon 1340 is at the TDC position on the
compression stroke for the first combustion chamber 1303a, and at the BDC position
on the power stroke for the second combustion chamber 1303b. At or about this
time, the first fuel injector 1334a injects fuel into the first combustion chamber 1303a
and the compressed fuel/air mixture is ignited by the first igniter 1332a. The
resulting combustion drives the chordon 1340 to the left as the parallel links 1360
rotate in a clockwise direction about their respective pivot axes P. As the chordon
1340 moves from right fo left, it drives exhaust gases out of the second combustion
chamber 1303b past the open exhaust valve 1330b. By the time the chordon 1340
reaches the position of Figure 13B, the second exhaust valve 1330b is fully open to

maximize the exhaust flow out of the second combustion chamber 1303b.

[0078] As the chordon 1340 approaches the position shown in Figure 13A, the
first exhaust valve 1330a begins to open so that the exhaust gases can start flowing
out of the first combustion chamber 1303a. At this time, the second exhaust valve
1330b in the second combustion chamber 1303b is fully, or near-fully, closed.
When the chordon 1340 stops and reverses motion, continued movement from left
to right drives exhaust gases out of the first combustion chamber 1303a past the
open exhaust valve 1330a and draws a fresh intake charge into the second

combustion chamber 1303b past an open intake valve (not shown).

[0079] When the chordon 1340 again reaches the position shown in Figure
13C, the intake valve (not shown) in the second combustion chamber 1303b is now
fully, or near-fully, closed. Continued movement of the chordon 1340 from right to
left toward the position shown in Figure 13A compresses the intake charge in the
second combustion chamber 1303b while drawing a fresh intake charge into the first
combustion chamber 1303a. When the chordon 1340 reaches the position shown in
Figure 13A, it will again be at the BDC position on the intake stroke for the first
combustion chamber 1303a, and at the TDC position on the compression stroke for
the second combustion chamber 1303b. Accordingly, at or about this time the
second fuel injector 1334b injects fuel into the second combustion chamber 1303b

and the igniter 1332b ignites the resulting fuel/air mixture. The resulting combustion
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drives the chordon 1340 to the right causing the four-stroke engine cycle described
above to repeat.

[0080] Although a dual-barrel radial impulse engine is described above with
reference to Figures 13A-13C for purposes of illustration, in other embodiments,
other engines similar to the engine 1300 can include more chordons similar to the
chordons 1340 and more swept surfaces similar to the swept surfaces 1346. For
example, in one other embodiment, a radial impulse engine similar to the engine
1300 can include two half-barrel chordons that are coupled together and move back
and forth across four corresponding swept surfaces. In further embodiments, other
engines (or, alternatively, other pump systems) can include three or more chordons
coupled together that sweep across six or more corresponding swept surfaces.
Such configurations may be advantageous in a pump configuration in which it is
desired to pump equal or proportional amounts of various fluids from separate
chambers. As the foregoing makes clear, the inventive aspects disclosed in Figures
13A-13C are not limited to the particular embodiment illustrated.

[0081] Figures 14A-14D are a series of schematic top views of a portion of a
radial impulse engine 1400 ("engine 1400") configured in accordance with yet
another embodiment of the invention. Referring first to Figure 14A, the engine 1400
includes a plurality of chordons 1440 (identified individually as chordons 1440a-d)
operably coupled to individual links 1460 (identified individually as links 1460a-d).
Each of the chordons 1440 includes a swept surface 1446 (identified individually as
swept surfaces 1446a-d) which forms a ninety-degree segment of a circular
combustion chamber 1403. Each chordon 1440 additionally includes a distal edge
portion 1445 (identified individually as distal edge portions 1445a-d) configured to
slide across the swept surface 1446 of the adjacent chordon 1440 during engine

operation.

[0082] Referring to Figures 14A-14D together, during engine operation the
chordons 1440 translate inwardly and outwardly in unison as the links 1460 rotate
back and forth about pivot axes P (identified individually as pivot axes Pa-d). As the
figures illustrate, the chordons 1440 translate but do not rotate with respect to each
other. Although not shown in the figures, the engine 1400 can further include a

system of gears, links, and/or other devices to maintain chordon alignment during
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[0083] As Figures 14A-14D further illustrate, when the chordons 1440 transiate
inwardly on their arcuate paths, they compress the volume of the combustion
chamber 1403. Similarly, after the chordons 1440 reach the TDC position shown in
Figure 14D, they reverse direction and translate outwardly, causing the combustion
chamber 1403 to expand. Although the requisite intake, exhaust, ignition, power
take-out, and/or other features necessary for engine function are not shown in
Figures 14A-14D for purposes of clarity, those of ordinary skill in the art will
understand that various combinations of such features as disclosed herein and in
related U.S. Provisional Patent Application No. 60/676,017 can be included with the
engine 1400 to perform these functions.

[0084] Although the engine 1400 described above includes four ninety-degree
chordons 1440, in other embodiments, other engines configured in accordance with
aspects of the present invention can include more or fewer chordons of similar
design. For example, in another embodiment, a similar engine can include three
chordons of 120 degrees each. In a further embodiment, another similar engine can
include five chordons of 72 degrees each. Accordingly, the inventive aspects of the
engine 1400 are not limited to the particular embodiment illustrated, but extend to

other engines having more or fewer chordons that function in a similar manner.

[0085] Figures 15A-15D are a series of schematic top views of a portion of a
chordon apparatus 1500 configured in accordance with a further embodiment of the
invention. Referring the Figure 15A, many features of the chordon apparatus 1500
are generally similar in structure and function to corresponding features of the
engine 1300 described above with reference to Figures 13A-13C. In the illustrated
embodiment, however, the chordon apparatus 1500 includes two movable chordons
1540a and 1540b, and a fixed chordon 1540c. Each of the chordons 1540 includes
a swept surface 1546 (identified individually as swept surfaces 1546a-c) extending
between a first distal edge portion 1545 (identified individually as first distal edge
portions 1545a-c) and a second distal edge portion 1547 (identified individually as
second distal edge portions 1547a-c). The movable chordons 1540a and 1540b are
operably coupled to opposite ends of a link 1560 that rotates in a counterclockwise
direction about a fixed pivot axis P.

[0086] Referring to Figures 15A-15D together, the first chordon 1540a and the

second chordon 1540b take turns sweeping across the fixed chordon 1540¢ as the
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link 1560 rotates in a counterclockwise direction about the pivot axis P. This motion
causes a chamber 1503 to contract from full volume when opposing distal edge
portions 1545 and 1547 are aligned (see, e.g., Figure 15A) to essentially zero
volume as one of the movable chordons 1540a or 1540b moves away from the fixed
chordon 1540c (see, e.g., Figure 15C). Although not shown in the figures, the
chordon apparatus 1500 can include a series of gears, linkages, and/or other
devices to maintain alignment of the movable chordons 1540a and 1540b relative to

the fixed chordon 1540c and each other during operation.

[0087] In one embodiment, the contracting chamber 1503 can be utilized as
part of a pump or compressor system. In other embodiments, various aspects of the
chordon apparatus 1500 can be utilized in internal combustion engines, steam
engines, and other useful machines.

[0088] From the foregoing, it will be appreciated that specific embodiments of
the invention have been described herein for purposes of illustration, but that various
modifications may be made without deviating from the spirit and scope of the
invention. For example, aspects of the invention described in the context of
particular embodiments may be combined or eliminated in other embodiments.
Further, while advantages associated with certain embodiments of the invention
have been described in the context of those embodiments, other embodiments may
also exhibit such advantages, and not all embodiments need necessarily exhibit
such advantages to fall within the scope of the invention. Accordingly, the invention

is not limited, except as by the appended claims.
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CLAIMS

I/We claim:

1. An engine comprising:

a first end wall portion;

a second end wall portion spaced apart from the first end wall portion to
at least partially define a pressure chamber therebetween;

a first movable member operably disposed between the first and second
end wall portions, wherein the first movable member has a first
distal edge portion and a first cylindrical surface; and

a second movable member operably disposed between the first and
second end wall portions, wherein the second movable member
has a second distal edge portion and a second cylindrical surface,
wherein the first distal edge portion of the first movable member is
configured to slide across the second cylindrical surface of the
second moveable member, and the second distal edge portion of
the second movable member is configured to slide across the first
cylindrical surface of the first movable member, as the first
movable member pivots about a first pivot axis and the second

movable member pivots about a second pivot axis.

2. The engine of claim 1 wherein the first and second pivot axes are
fixed relative to the first and second end wall portions.

3. The engine of claim 1 wherein the first and second pivot axes

extend through the first and second end wall portions.

4. The engine of claim 1 wherein at least the first movable member
has a "V" shape.

5. The engine of claim 1 wherein the first movable member includes
a first wall portion having the first distal edge portion and a second wall portion
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having the first cylindrical surface, and wherein the second movable member
includes a third wall portion having the second distal edge portion and a fourth wall

portion having the second cylindrical surface.

6. The engine of claim 5 wherein the first and second wall portions

of the first movable member form a "V" shape.

7. The engine of claim 5 wherein the first and second wall portions
of the first movable member form an angle between 90 degrees and 180 degrees.

8. The engine of claim 1 wherein the first movable member is at
least substantially identical to the second movable member.

9. The engine of claim 1 wherein the first pivot axis is spaced apart
from the second pivot axis by a distance D, and wherein the first cylindrical surface

has a radius of curvature R which is at least approximately equal to D.

10.  The engine of claim 1 wherein the first pivot axis is spaced apart
from the second pivot axis by a distance D, and wherein the first cylindrical surface
and the second cylindrical surface have a radius of curvature R which is at least

approximately equal to D.

11. The engine of claim 1 wherein the first end wall portion includes at

least one aperture for admitting a fuel/air mixture into the pressure chamber.

12.  The engine of claim 1 wherein the first end wall portion includes at
least one transfer port for admitting a fuel/air mixture into the pressure chamber.

13.  The engine of claim 1 wherein the first end wall portion includes at
least one aperture for discharging exhaust gases from the pressure chamber.

14.  The engine of claim 1 wherein the first end wall portion includes at

least one aperture for admitting a fuel/air mixture into the pressure chamber, and
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wherein the second end wall portion includes at least one aperture for discharging
exhaust gases from the pressure chamber.

15.  An engine comprising:

a first end wall portion;

a second end wall portion spaced apart from the first end wall portion to
at least partially define a pressure chamber therebetween;

a first movable member operably disposed between the first and second
end wall portions, the first movable member having a first wall
portion positioned adjacent to a second wall portion, the first wall
portion having a first distal edge portion and a first cylindrical
surface, the second wall portion having a second distal edge
portion and a second cylindrical surface; and

a second movable member operably disposed between the first and
second end wall portions, the second movable member having a
third wall portion positioned adjacent to a fourth wall portion, the
third wall portion having a third distal edge portion and a third
cylindrical surface, the fourth wall portion having a fourth distal
edge portion and a fourth cylindrical surface, wherein the first
distal edge portion of the first wall portion is configured to slide
across the third cylindrical surface of the third wall portion, and
the fourth distal edge portion of the fourth wall portion is
configured to slide across the second cylindrical surface of the
second wall portion, as the first movable member pivots about a
first pivot axis and the second movable member pivots about a
second pivot axis.

16.  The engine of claim 15 wherein the first distal edge portion of the
first wall portion is configured to slide across the third cylindrical surface of the third
wall portion, and the fourth distal edge portion of the fourth wall portion is configured
to slide across the second cylindrical surface of the second wall portion, as the first
movable member pivots about the first pivot axis in a first direction, and the second

movable member pivots about the second pivot axis in the first direction.
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17.  The engine of claim 15 wherein the second distal edge portion of
the second wall portion is configured to slide across the fourth cylindrical surface of
the fourth wall portion, and the third distal edge portion of the third wall portion is
configured to slide across the first cylindrical surface of the first wall portion, as the
first movable member pivots about the first pivot axis and the second movable

member pivots about the second pivot axis.

18.  The engine of claim 15 wherein:

the first distal edge portion of the first wall portion is configured to slide
across the third cylindrical surface of the third wall portion, and
the fourth distal edge portion of the fourth wall portion is
configured to slide across the second cylindrical surface of the
second wall portion, as the first movable member pivots about the
first pivot axis in a first direction, and the second movable
member pivots about the second pivot axis in the first direction;
and

wherein the second distal edge portion of the second wall portion is
configured to slide across the fourth cylindrical surface of the
fourth wall portion, and the third distal edge portion of the third
wall portion is configured to slide across the first cylindrical
surface of the first wall portion, as the first movable member
pivots about the first pivot axis in a second direction opposite to
the first direction, and the second movable member pivots about

the second pivot axis in the second direction.

19. The engine of claim 15, further comprising a synchronizing gear

operably coupling the first movable member to the second movable member.

20. The engine of claim 15 wherein the first distal edge portion of the
first wall portion carries a seal configured to slide across the cylindrical surface of the
second wall portion as the first movable member pivots about the first pivot axis and
the second movable member pivots about the second pivot axis.
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21.  The engine of claim 15, further comprising a fuel injector carried
by the first end wall portion, wherein the pressure chamber is a combustion chamber
and the fuel injector is configured to spray fuel into the combustion chamber.

22.  The engine of claim 15, further comprising an igniter carried by
the first end wall portion, wherein the pressure chamber is a combustion chamber

and the igniter is configured to ignite an air/fuel mixture in the combustion chamber.

23.  Aninternal combustion engine comprising:

a combustion chamber;

a first movable member positioned proximate to the combustion
chamber, wherein the first movable member has a first distal edge
portion and a first cylindrical surface;

a second movable member positioned pfoximate to the combustion
chamber, wherein the second movable member has a second
distal edge portion and a second cylindrical surface;

means for introducing fuel into the combustion chamber; and

means for igniting the fuel in the combustion chamber, thereby causing
the first distal edge portion of the first movable member to slide
across the second cylindrical surface of the second moveable
member, and the second distal edge portion of the second
movable member to slide across the first cylindrical surface of the
first movable member, as the first movable member pivots about
a first pivot axis and the second movable member pivots about a
second pivot axis.

24.  The internal combustion engine of claim 23, further comprising
means for discharging exhaust gas from the combustion chamber.

25.  The internal combustion engine of claim 23, further comprising
means for synchronizing movement of the first and second movable members.
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26. The internal combustion engine of claim 23, further comprising
means for converting pivotal motion of the first and second movable members into

rotational motion of an associated crankshaft.
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