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57 ABSTRACT

Constant pressure internal combustion engine having com-
pression and expansion chambers of variable volume, an
elongated combustion chamber of substantially constant vol-
ume between the compression and expansion chambers, and
a fuel inlet for introducing fuel into the combustion chamber
where it mixes with compressed air from the compression
chamber to form a mixture of fuel and air that burns as it
travels through the combustion chamber. In some embodi-
ments, the combustion chamber is folded back upon itself and
has a rough, twisting interior side wall, with long, sharp
protrusions extending inwardly therefrom and forming hot
spots which help to provide complete combustion of the fuel
mixture throughout the combustion chamber. These protru-
sions, together with flow turbulators within the chamber,
promote complete mixing and, hence, combustion of the fuel
and air in the combustion chamber.

32 Claims, 5 Drawing Sheets




US 7,658,169 B2

Page 2
U.S. PATENT DOCUMENTS 4,553,385 A 11/1985 Lamont
4,553,513 A 11/1985 Miles

1,759,425 A * 5/1930 Suekoff ..ot 123/260 4,657,009 A 4/1987 Zen
1,759,429 A * 5/1930 Bacon 184/28 5,305,608 A 4/1994 Loving
3,625,189 A 12/1971 Myers 5,309,718 A 5/1994 Loving
3,651,641 A *  3/1972 Ginter .......coeeeeerrnnnnns 60/39.26 5,333,458 A 8/1994 Loving
3,862,622 A /1975 Spinnett 5,522,356 A 6/1996 Palmer
3,932,987 A 1/1976 Munzinger 5,709,188 A 1/1998  Al-Qutub
3,989,011 A 11/1976 Takahashi 6,092,365 A 7/2000 Leidel
4,024,704 A * 5/1977 Hudson ................. 60/39.25 6,305,159 Bl  10/2001 Nagel
4050420 A 9/1977 Cataldo 6318310 Bl  11/2001 Clarke
4,074,533 A * 2/1978 Stockton ..........ccceeennnnn 60/620 6,789,514 B2* 9/2004 Suh etal. 123/70 R
4,074,671 A * 2/1978 Pennila 123/668 7,270,110 B2*  9/2007 Keoppel 123/317
4,004,284 A 6/1978  Gesell 7,271,110 B2 9/2007 Lu et al.
4,149.370 A 4/1979  Vargas 7,325,520 B2 2/2008 Zajac et al.
4,200,149 A * 4/1980 Pechner ................ 165/109.1 7,328,674 B2 2/2008 Zajac et al.
4,212,163 A 7/1980 Mikina 2006/0122762 Al 6/2006 Perkins
4,336,686 A 6/1982 Porter
4,458,635 A 7/1984 Beasley * cited by examiner



U.S. Patent Feb. 9, 2010 Sheet 1 of 5 US 7,658,169 B2

— [ S -
ey :wao/»a‘w«’waa OPEPPOTITY




U.S. Patent Feb. 9, 2010 Sheet 2 of 5 US 7,658,169 B2

Fre. 4




US 7,658,169 B2

Sheet 3 of 5

Feb. 9,2010

U.S. Patent

Hot Gas Out

L
%
%

ARNRRINN

5
O
@
O
°
o

222
284
3

Hot Gas Out

5525%

%%

yyrryyy )

BRI

%

LR
555559555

945

I‘II

TRR
“‘I SIARRA

llllll‘!l.lllll

545

Goreree,

410?&%05 25555555
S S

P,

SBEHES

N b

77
/

I3

N

»

CLLLLLLLA

19

Air In

~
D
o~ o™




U.S. Patent Feb. 9, 2010 Sheet 4 of 5 US 7,658,169 B2

S

LN R s




U.S. Patent Feb. 9, 2010 Sheet 5 of 5 US 7,658,169 B2

Fig. 13

71

87 / / Hot Guies| Warm: Air: 182
27 = g ) & LINEAR

Mixing of Geser Sé ( ACTUATOR
71 78 18I
(R
|
7t }[28611:5 ‘:’;m_}\:; o 93 \\
-2-—/' 893 | onnn LINEAR

-~ / AN ACTUATOR

NSRIN




US 7,658,169 B2

1

INTERNAL COMBUSTION ENGINE AND
METHOD WITH IMPROVED COMBUSTION

CHAMBER
RELATED APPLICATION

Provisional Application No. 60/660,045, filed Mar. 9,
2005,

Provisional Application No. 60/660,046, filed Mar. 9,
2005,

Provisional Application No. 60/660,050, filed Mar. 9,
2005,

Provisional Application No. 60/760,478, filed Jan. 20,
2006,

Provisional Application No. 60/760,641, filed Jan. 20,
2006,

Provisional Application No. 60/760,642, filed Jan. 20,
2006, the priority of which are claimed.

BACKGROUND OF THE INVENTION

1. Field of Invention

This invention pertains generally to internal combustion
engines and, more particularly, to an internal combustion
engine having an improved combustion chamber and to the
method of operation thereof.

2. Related Art

Most internal combustion engines such as typical Otto,
Diesel and Wankel engines operate on a change in pressure
which is produced by the burning of fuel to produce heat
which causes gasses to expand in a confined volume and
thereby increase in pressure. That pressure drives the moving
parts of the engine to produce motion.

Heretofore, there have been some attempts to design rotary
engines which operate at a constant pressure. Examples of
such designs are found in U.S. Pat. Nos. 3,862,622, 3,989,
011, 4,657,009 and 5,709,188 and in DE 3242431. However,
such designs are subject to the problems such as lubrication
and sealing which are commonly associated with rotary
engines.

OBIJECTS AND SUMMARY OF THE
INVENTION

It is, in general, an object of the invention to provide a new
and improved internal combustion engine and method in
which pressure remains substantially constant in the combus-
tion chamber.

Another object of the invention is to provide an internal
combustion engine and method ofthe above character with an
improved combustion chamber.

These and other objects are achieved in accordance with
the invention by providing a constant pressure internal com-
bustion engine having an elongated combustion chamber
which in some embodiments is folded back upon itself and
has a rough, twisting interior side wall, a fuel inlet for intro-
ducing fuel into the chamber, a compression chamber in
which air is compressed and then injected into the combustion
chamber to form a mixture of fuel and air that burns continu-
ously as ittravels through the combustion chamber, an expan-
sion chamber in communication with the combustion cham-
ber, and an output member in the expansion chamber which is
driven by pressure produced by the burning mixture.

Gas flow through the combustion chamber and into the
expansion chamber is controlled by valves, and in some
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embodiments the valves are controlled so that the pressure
remains substantially constant within the combustion cham-
ber.

In some embodiments, the combustion chamber has a ser-
pentine shape with a plurality of turns or bends which pro-
mote turbulent gas flow through the chamber and further
promote complete fuel combustion prior to expansion of the
gas into the expansion chamber. In others, the combustion
chamber itself is straight, but the passageways which carry
the gases to and from the chamber will typically have bends
and turns which cause turbulence and thereby promote mix-
ing and burning within the chamber.

In some disclosed embodiments, the combustion chamber
has a first section where a mixture of fuel and air can be
ignited with an initial air to fuel ratio and a second section in
which additional air is added to the mixture to form a leaner
mixture. A gas flow separator is provided near the fuel inlet to
form one or more smaller volumes within the combustion
chamber where the fuel can mix and burn with only a portion
of the air introduced into the chamber. Additional air is pro-
vided from the compression chamber and mixed with the
burning mixture downstream to provide an overall mixture
that is effectively leaner. The exact ratios are dependent upon
load and the fuel which is being burned, but with gasoline, for
example, the air to fuel ratio in the section where ignition
occurs can, for example, be on the order of 14:1 to 16:1, and
the leaner mixture can have an air to fuel ratio on the order of
14:1t0 160:1. The ratios are preferably such that the tempera-
ture in the region where the fuel is injected is above 1400° K
so that CO will combine with O, to form CO, and thus avoid
the production of the pollutant CO.

In some embodiments, the flow separator includes a mov-
able flow divider which can be adjusted continuously to pro-
vide any desired distribution of air between sections where
fuel is injected and sections where it is not, thereby making it
easy to set the burn temperature to any desired power level
and to change between different power levels.

Some embodiments also have long, sharp protrusions
which extend inwardly from the wall of the combustion
chamber and form hot spots which help to provide complete
combustion of the fuel mixture throughout the combustion
chamber. The protrusions also produce turbulence and
thereby further promote complete mixing and burning, and in
some embodiments, flow turbulators produce turbulence and
promote complete mixing and combustion of the fuel and air.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of one embodiment of a
constant pressure internal combustion engine with an
improved combustion chamber incorporating the invention.

FIG. 2 is a vertical sectional view of the combustion cham-
ber in the embodiment of FIG. 1.

FIG. 3 is a cross-sectional view taken along line 3-3 in FIG.
2.

FIG. 4 is a vertical sectional view of another embodiment
of'a combustion chamber incorporating the invention.

FIGS. 5 and 6 are cross-sectional views of additional
embodiments of a combustion chamber incorporating the
invention.

FIGS. 7-9 are vertical sectional views of further embodi-
ments of a combustion chamber incorporating the invention.

FIG. 10 is an enlarged cross-sectional view taken along line
10-10 in FIG. 9.

FIG. 11 is a vertical sectional views of another embodiment
of'a combustion chamber incorporating the invention.
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FIGS.12A-12D are diagrammatic views illustrating turbu-
lence and flow around turbulators of different relative sizes
and spacings in the embodiment of FIG. 11.

FIGS. 13 and 14 are vertical sectional views of additional
embodiments of a combustion chamber incorporating the
invention.

DETAILED DESCRIPTION

As illustrated in FIG. 1, the engine has a compression
chamber 11 and an expansion chamber 12 which communi-
cate with opposite ends of a combustion chamber 13, with
reciprocating pistons 14, 16 in the compression and expan-
sion chambers. The pistons are linked together by a crank-
shaft (shown schematically as a pivoting lever 17) for move-
ment in opposite directions in order to maintain a
substantially constant level of pressure in the combustion
chamber.

Air is drawn into the compression chamber through an inlet
port 18 on the downstroke of piston 14, then compressed and
thereby heated on the upstroke of the piston and injected into
the inlet end 19 of combustion chamber 13. In the combustion
chamber, the hot, compressed air mixes with fuel introduced
into the chamber through a fuel inlet to form a mixture which
burns throughout the chamber and produces a volumetric
increase in the gas. The expander takes out a volume of gas
from the combustion chamber which expands to a larger
volume than the air or gas the compressor put into the com-
bustion chamber. By controlling the amount of gas that leaves
the combustion chamber, the pressure in the combustion
chamber can be controlled.

Since expander piston 16 has a larger diameter and surface
area than compression piston 14, it is driven in a downward
direction with a force corresponding to the difference in the
surface areas of the two pistons. Spent gases are expelled
through an exhaust port 21 during the upstroke of the
expander piston. Communication through the inlet and outlet
ports and between the chambers is controlled by valves 22-25.

The sizing of the compression and expansion chambers,
the movement of the pistons in them, and the timing of the
valves are such that the pressure within the combustion cham-
ber remains substantially constant throughout the operating
cycle of the engine, although some pressure spiking can occur
and may even be desirable in some cases. In the embodiment
illustrated, the difference in size is provided by making the
expander piston larger in diameter than the compression pis-
ton. However, it could also be done by using a greater number
of'expander pistons, a longer expander stroke, different valve
timing, or a combination thereof.

If desired, the engine can include a control system that has
temperature and pressure sensors in the chambers and a com-
puter or other controller responsive to the temperature and
pressure sensors for adjusting the timing of the valves and the
amount of fuel injected into the combustion chamber.
Examples of the use of such sensors and controllers are found
in Ser. Nos. 11/372,751 and 11/372,978, both filed Mar. 9,
2006, the disclosures of which are incorporated herein.

The relative sizes of the chambers are such that the com-
bustion chamber is large enough to average out pulses from
the compression piston(s) and to reduce the speed at which
pressure changes so that the computer and other controls have
time to react and maintain control over the process. The
combustion chamber preferably has about 10 times the vol-
ume of the compressed gas entering the combustion chamber
on each revolution of the engine, and in practice, a range of
about 1to 100 is possible. However, very small chambers may
be difficult to control, and very large chambers may reduce
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engine response and add to the cost and size of the engine.
Very large combustion chambers may also increase the
amount of heat loss and, thus, reduce overall engine effi-
ciency. Even with a combustion chamber which is the same
size as the volume of compressed gas entering the chamber on
each revolution of the engine, the combustion time is still
longer than it is in a conventional engine where combustion
occurs during only one-halfofa revolution. The volume of the
combustion chamber includes not only the volume of the
chamber itself, but also the volumes of the passageways
between the two sets of valves that isolate the combustion
chamber from the other chambers.

In the embodiment illustrated in FIGS. 1-3, the combustion
chamber is in the form of an elongated tube which is folded
back upon itself to provide a tortuous, twisting path between
the compression chamber and the expansion chamber. It has
an outer wall or jacket 27 of structurally strong material such
as steel or other suitable metal and/or a composite material
and a liner 28 of a thermally insulative ceramic material such
as silicon oxide, silicon nitride, aluminum oxide, zirconium
oxide, boron nitride, and combinations thereof. The outer
jacket provides the strength for containing the pressure within
the chamber, and the ceramic liner reduces both radial and
axial heat transfer in the chamber walls. In other embodi-
ments, the chamber may have other configurations and may
not be folded back upon itself.

Since the engine is designed to operate on the expansion of
heated gases rather than an increase in the pressure of the
gases, the peak pressure in the combustion chamber can be
relatively low compared to typical Otto and Diesel engines.
The pressure in the combustion chamber depends to some
extent on the compression ratio of the engine and can, for
example range from about 270 PSI for an engine with a
compression ratio of 8:1 to about 800 PSI for an engine with
acompressionratio of 18:1. In some embodiments, the timing
for the opening of outlet valve 19 from the compression
chamber and inlet valve 24 to the expansion chamber may
cause some pressure pulsing. However, the pressure pulses
are relatively small due to the relatively large volume of the
combustion chamber compared to the volume of air being
provided by the compression chamber. Hence, the pulsing
will not appreciably affect the efficiency of the engine.

In the embodiment illustrated, the liner is on the order of
0.5 to 2 inches thick and is formed in sections 28a, 285, with
overlapping flanges 29, 31 on opposite sides of the chamber.
The flanges fit together loosely so that gases can pass between
them to equalize the pressure inside and outside the liner and
thereby avoid stresses that might otherwise damage the
ceramic material. Alternatively, the liner can be formed with
perforations (not shown) for equalizing the gas pressures. It
can likewise be formed with a different number of sections
which can be joined together by other methods.

A fuel inlet 32 is positioned near the inlet end 19 of the
combustion chamber for introducing fuel into the chamber.
That fuel mixes with the hot, compressed air which is injected
into the chamber from the compression chamber and is
ignited by the residual heat of the chamber or by other suitable
means such as a glow plug (not shown).

The interior wall 33 of the liner is rough or bumpy to further
promote thorough mixing and complete combustion of the
fuel and air mixture as it travels through the chamber. In
addition, sharp protrusions 34 extend from the wall of the
liner into the chamber and create hot spots throughout the
chamber, which further ensures complete burning of any fuel
injected into the chamber.

The protrusions can, for example, be thin fingers of
ceramic or metal wires which are embedded in the liner wall.






