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(57) Abréegée/Abstract:

A ramjet engine (3, 4, 5), flying at Mach 3 has 64% efficiency, and at Mach 4 has 76% efficiency. Ramjet engines are currently only
used for supersonic flight and have not been used as stationary engines with mechanical output. The present invention, in addition
to subsonic flight, can be operated as a stationary engine, and can expand the use of the ramjet engine for mechanical output In
vehicles, power plants, and in generator sets for large buildings, homes, and industry. The present invention provides the means to
use ramjet engines as stationary engines by building nearly adiabatic compressors (1, 2, 12, 13, 14, 15) and expanders (6, 7, 8, 9,
10, 11) capable of (de-)compression ratios up to about 92: 1 to supply the high energy gas/air required by ramjet engines, and
shows how to replace de Laval nozzles with sonic converters (49, 50, 51) that convert supersonic to subsonic flow and sonic
convertors (45, 46, 47) that convert subsonic to supersonic flow without having choke areas.
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(57) Abstract: A ramjet engine (3, 4, 5), flying at Mach 3 has 64% ef-
ficiency, and at Mach 4 has 76% etficiency. Ramjet engines are cur-
rently only used for supersonic flight and have not been used as sta-
tionary engines with mechanical output. The present mnvention, in ad-
dition to subsonic tlight, can be operated as a stationary engine, and
can expand the use of the ramjet engine for mechanical output in vehi-
cles, power plants, and mm generator sets for large buildings, homes,
and industry. The present invention provides the means to use ramjet
engines as stationary engines by building nearly adiabatic compressors
(1, 2, 12, 13, 14, 15) and expanders (6, 7, 8, 9, 10, 11) capable of
(de-)compression ratios up to about 92: 1 to supply the high energy
gas/air required by ramjet engines, and shows how to replace de Laval
nozzles with sonic converters (49, 50, 51) that convert supersonic to
subsonic flow and sonic convertors (45, 46, 47) that convert subsonic
to supersonic flow without having choke areas.
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SUBSONIC AND STATIONARY RAMJET ENGINES

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] This invention relates to the field of power plants. More particularly, the present
invention relates to devices and methods used 1n the field of heat engines for various applications
including mechanical drives. Embodiments of the present invention provide subsonic and
stationary ramjet engines.

Description of the Related Art

[0003] To conserve fossi] fuels and reduce the worldwide production of carbon dioxide,
CO», the most effective method is to increase the efficiency of automobile engines and other fuel
burning engines. The efficiency of the average automobile engine on the road 1n the United
States 1s approximately 21%. An automobile engine with 21% efficiency burns three times as
much fuel as an automobile engine with 63% efficiency. Ramjet engines possess 63% efficiency
and higher.

[0004] Ramyjet engines have been around tor 50 years, and are famous for high
efficiency. yet, today, ramjets have virtually no commercial applications other than military.
There are reasons for that. Supersonic speed generates shockwaves and shockwaves waste
energy. Unless an aircraft flies at very high altitude where air is much less dense, it will
consume a great deal of fuel by flying supersonically. So there is little economic demand for
commercial supersonic aircraft. But there is some demand, and it 1s not being met by ramjet

engines even though they are much more efficient than turbine engines.

10005] The words supersonic and subsonic usually refer to speed of sound in the ambient
atmosphere. [nside the apparatus of this invention speed of sound changes with temperature, and
the words supersonic and subsonic usually refer to local speed of sound in the air or gas under
those conditions. The speed of sound can vary by a factor of two in the same air or gas traveling
through the apparatus. Mach speeds almost all refer to speed of sound in the atmosphere.

[0006] Ramjets use de [.aval nozzles to convert supersonic speed air to subsonic and vice

versa with the flow reversed in the nozzle. De Laval nozzles are highly efticient devices known
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for over a century. An input de Laval nozzle slows down supersonic air by reducing the area of a
tube containing the flow to what 1s known as the choke area, where the air reaches local speed of
sound. Beyond the choke area the nozzle increases the area of flow to further slow down the air.
The faster the nozzle moves through the air, the more air can pass through the same choke area,
because the high kinetic energy of the air relative to the nozzle 1s converted into higher
temperature and higher density in a de Laval nozzle. But, for each airspeed, the rate at which air
can pass through the choke area 1s fixed. The choke area regulates the rate of flow at every
energy level of the air. There 1s a choke area 1n the input nozzle to the ramjet engine and there 1s
a choke area 1n the output nozzle from the engine. Both of these areas regulate the rate of flow
of air/gas. And that 1s a problem. They have to be coordinated -- at supersonic speed. It 1s not
impossible, but it 1s very difficult. If an output subsonic to supersonic de Laval nozzle does not
recerve enough flow, 1t will not make the 1sentropic conversion to supersonic, and thrust from the
exhaust 1s reduced. If it recerves too much flow, some gas 1s pushed back, making the pressure
in the combustion chamber go up. If the pressure 1n the combustion chamber goes up, the front
or input de Laval nozzle gets backed up.

[0007] Another problem with ramjet engines 1s that they only work at supersonic speeds.
A ramjet engine cannot be used 1nside an ordinary room, because flying at supersonic speed
requires faster turns than the engine can survive, even 1f 1t 1s held by a very long arm. Stationary
testing of ramjet engines 1s possible, 1n a supersonic wind tunnel, but that 1s not a practical way
to get mechanical power from the ramjet engine. Further, the use of paired de Laval nozzles 1s

one limiting factor keeping ramjet engines from being more widely used in aircratt.

SUMMARY OF THE INVENTION
[0008] In light of the above-described 1ssues with current ramjet engines, it 1s an object
of some of the preferred embodiments of the present invention to show how to run a stationary
ramjet engine to obtain mechanical power. Further, some disclosed embodiments of the present
invention will show how to replace a de Laval nozzle with a supersonic to subsonic convertor
which does not have a choke area. Some embodiments of the present invention, even further,
will show how to generate nearly or approximately adiabatically from the same atmosphere the
high energy flows of air and other gas which let the ramjet engine operate at high efficiency.
The term ““adiabatically” typically means without any heat flow into or out of the air or gas,
which 1s possible only approximately. Still further, some embodiments of the present invention
will show how to output the power of a ramjet engine as mechanical work. In addition, by using

a ramjet engine with these methods, 1t 1s possible 1n some preferred embodiments to remove all
2
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significant shockwaves from the process and eliminate wasteful drag, so useful energy is not
wasted. Some shockwaves 1n supersonic flight cannot be removed but some shockwaves at the
leading edges of the engine are removed by having the engine stationary. The remaining
shockwaves should be insignificant.

10009] A choke as used 1n this description refers to restraining, guiding, and/or bounding
a flow transitioning from locally supersonic to locally subsonic or transitioning from locally
subsonic to locally supersonic on all sides of the flow through a smaller fixed area. In the |
context of this invention, when referring to a no-choke area or a region without a choke area,
what 1s meant is that the structure does not force the air or gas flow undergoing a local speed of
sound transition through a fixed area bounded on all sides. For example, a rotor does not force all
flow through one or more de Laval nozzles, and an annulus with spiraling outward flow allows
the flow of air or gas transitioning through local speed of sound to spread out radially to occupy
the needed area, and a vent does not include a sonic transition. There is no area restraint of the
sonically transitioning flow, 1.e., the flow can spread out in at least one direction.

[00010] Aside from mechanical engineering and physics, the science applied in this patent
uses in part the science of high speed gas dynamics. For example, Gas Dynamics, by James E.A.
John, Theo G. Keith, (2005), 1s a widely used text addressing the subject.

[00010a} In a first embodiment, the invention provides an apparatus for interacting with air
or gas, which 1s capable of operating as a compressor or as an expander. The apparatus
comprises: a housing; a shaft for transmitting torque extending through the housing, the shaft
capable of rotating about an axis, and operably connected to a rotor; a rotor capable of being
rotated at a sustained rotational rim speed of from about 2000 feet/second to about 5400
feet/second and operably configured so that air or gas is capable of flowing in a direction radially
outward from within the shaft toward a rim of the rotor or radially inward from the rotor rim into
the shaft and so that air or gas in the rotor 1s caused to approximately match rotational speed of
the rotor at any radius; an annular region around the rotor and within the housing for providing a
passageway tfor tlow. The housing further includes a flow vent configured to provide a
passageway for high energy air or gas to flow outward from or inward to the annular region. The
shaft comprises high specific compressive or high specific tensile strength material, with some

portion of the shaft wound by high specific tensile strength fiber tow windings stretched to

around half of their ultimate tensile strength, and comprises flow passageways configured to
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allow flow of air or gas to or from the rotor. The rotor surrounds a portion of the shaft inside the
housing, comprises air or gas flow passageways configured to allow flow in radial directions and
configured to block axial flow from the rotor, and comprises: high specific tensile strength
material; and structural material of high specific compressive strength material under
compression by high specific tensile strength fiber tow windings stretched to around half of their
ultimate tensile strength and the high specific compressive strength material is operably
connected to the shaft by compression or by one or more of the fiber tow windings.

(00010b] In a second embodiment, the invention provides a jet engine. The jet engine
comprises the apparatus of the first embodiment operating as a compressor and the annular
region around the rotor and within the housing is operably configured to provide a passageway
for air or gas from the rotor to the flow vent of the housing, within which adiabatically
compressing air or gas spirals radially outward from the rotor through the annular region, slows
in speed, and increases in temperature. The annular region is operably configured such that air
or gas flow emerges radially outward from the rotor and at the rotor rim has a rotational speed
which 1s approximately the locally supersonic rotational rim speed of the rotor and a radial speed
which 1s locally subsonic relative to the shaft and rotor. The annular region is operably
configured so that air or gas flow emerging from the annular region is locally supersonic when
an outer to 1nner radius ratio in the annular region is about 1 and is locally subsonic when an
outer to inner radius ratio in the annular region is about 1.5 or greater. The jet engine further
comprises a Venturi tube operably connected with the flow vent of the housing to receive a flow
of air or gas from the vent. The Venturi tube comprises or is operably connected to a device

capable of using or interacting with at least a portion of the flow. That device is capable of

adding energy to the flow and then removing energy from the flow to produce rotary mechanical
work at least some of which is used to drive the shaft, and which device is capable of outputting
the flow as a locally supersonic jet to produce thrust. The device for producing thrust comprises:
an 1mnput nozzle operably configured so that air or gas flow enters from the Venturi tube and
slows to a target speed to produce a high compression temperature in the flow; a heating section
operably configured so that it receives the flow from the input nozzle, wherein the flow is
capable of being heated by conduction or wherein a material is capable of being injected into the

flow to produce an exothermic reaction and add energy to the flow; and an output nozzle

3a
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operably configured so that it receives the flow from the heating section and raises flow speed
into locally supersonic flow capable of being output to produce thrust.

100010c] In a third embodiment, the invention provides a mechanical engine. The
mechanical engine comprises the apparatus of the first embodiment operating as a compressor
and the annular region around the rotor and within the housing is operably configured to provide
a passageway for air or gas from the rotor to the flow vent of the housing, within which
adiabatically compressing air or gas spirals radially outward from the rotor through the annular
region, slows in speed, and increases in temperature. The annular region is operably configured
such that air or gas flow emerges radially outward from the rotor and at the rotor rim has a
rotational speed which is approximately the locally supersonic rotational rim speed of the rotor
and a radial speed which is locally subsonic relative to the shaft and rotor. The annular region is
operably configured so that air or gas flow emerging from the annular region is locally
supersonic when an outer to inner radius ratio in the annular region is about 1 and is locally
subsonic when an outer to inner radius ratio in the annular region is about 1.5 or greater. The
mechanical engine further comprises a Venturi tube operably connected with the flow vent of the
housing to receive a flow of air or gas from the vent. The Venturi tube comprises or is operably
connected to a device capable of using or interacting with at least a portion of the flow. That
device is capable of adding energy to the flow and then removing energy from the flow to
produce rotary mechanical work. The device for producing rotary mechanical work comprises:
an 1input nozzle operably configured so that it receives air or gas flow from the Venturi tube and
slows the flow to a target speed to produce a high compression temperature in the flow; a heating
section operably configured so that it receives the flow from the input nozzle, wherein the flow is
capable of being heated by conduction or wherein a material is capable of being injected into the
tlow to produce an exothermic reaction and add energy to the flow; and an expander operably
configured so that it receives the flow from the heating section and removes energy from the
flow to output rotational mechanical energy, wherein part of the mechanical output energy is

used to rotate the shaft and rotor of the compressor.

BRIEF DESCRIPTION OF THE DRAWINGS

[00011] FIG. 1 1s a schematic diagram of one embodiment of a compressor, ramjet, and

expander 1n accordance with the invention.

3b
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[00012] FIG. 2 1s a cross-sectional view of an embodiment of an engine, including a
compressor, ramjet, and expander 1n accordance with the invention.

100013] FIG. 3 1s a cross-sectional view of one inventive embodiment of a compressor
according to the invention, showing a cross-sectional view taken perpendicular to the axis of
rotation of the rotor and through the rotor blades.

[00014] FIG. 4 provides an example of an embodiment of an expander according to the
invention, showing a cross-sectional view taken perpendicular to the axis of rotation of the rotor
and through the rotor blades.

1000135] FIG. 5 1s an enlarged cross-sectional view of the compressor and expander
regions of an engine embodiment as shown in FIG. 2, with the cross-section in a plane
perpendicular to the axis of rotation of the rotor, and enlarged to show details of the dynamic
seals.

[00016] FIG. 6 1s an enlarged cross-sectional view of one inventive embodiment of a
compressor and expander, with the cross-section in a plane perpendicular to the axis of rotation

of the rotor, and enlarged to show details of alternate blade and channel structures.

3c
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[00017] FIG. 7 1s a graph showing an annular flow spiral chamber gap profile with radius
to achieve radial flow speed proportional to the inverse of the radius of the spiral chamber.
[00018] FIG. 8 1s a graph showing an annular flow spiral chamber gap profile with radius
to achieve radial flow speed being constant with the radius of the spiral chamber.

[00019] FIG. 9 1s a graph showing an annular flow spiral chamber gap profile with radius
to achieve radial flow speed proportional to the radius of the spiral chamber.

100020] FIG. 10 1s an enlarged cross-sectional view of one embodiment of a compressor
and expander 1n accordance with the invention, with the cross-section in a plane perpendicular to
the axis of rotation of the rotor, enlarged to show details of the input flow and hollow shaft
output flow, a configuration capable of doubling power at a small efficiency cost.

[00021] FIG. 11 1s an enlarged cross-sectional view of an embodiment of an annulus of
the invention, with the cross-section 1n a plane perpendicular to the axis of rotation of the rotor,

showing surface fibers which are capable of minimizing boundary layer development.

DETAILED DESCRIPTION OF
VARIOUS EMBODIMENTS OF THE INVENTION

[00022] Reference will now be made in detail to various exemplary embodiments of the
invention. The following detailed description 1s presented for the purpose of describing certain
embodiments 1n detail and 1s, thus, not to be considered as limiting the invention to the
embodiments described. Rather, the true scope of the invention 1s defined by the claims.
100023] Temperatures herein are generally expressed 1n absolute degrees Kelvin,
sometimes In degrees Centigrade, and room temperature 1s approximately 294 K. Atmospheric
alr or gas 1s air or gas at ambient pressure and temperature. If atmospheric temperature 1s T K,
and that air or gas 1s adiabatically changed to have a stagnation temperature of T K by some
means, this result 1s referred to herein as “high energy’ air or gas 1f the stagnation temperature
Ts K 1s 3 times Ty K or higher. High energy air/gas has a specific energy approximately

T/ Ty times the specific energy of the air/gas at atmospheric conditions of temperature and
pressure. Even at temperature Ty K, ordinary atmospheric air/gas has stagnation temperature
TsK=3T,K traveling at Mach 3.162, and Ts K increases with the square of the Mach number.
100024] “Specific” tensile strength of a material 1s its tensile strength divided by i1ts
specific gravity, which is 1ts density divided by the density of water. Similarly “specific”
compressive strength 1s compressive strength divided by specific gravity. Specific strength 1s the

figure of merit in rotor materials because forces are proportional to specific gravity.
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100023] “Mach” numbers usually refer to the speed of sound 1n the local atmosphere. The
speed of sound can change by a factor of 2 or more 1n a ramjet engine. When the words
“supersonic’” and “subsonic” are used 1n this text they refer to the speed of sound 1n the gas/air
which has been compressed, which is also called “local” speed of sound 1n air/gas. A
temperature increase makes the speed of sound increase 1n air/gas. As used herein, the term
“adiabatically” refers to 1ts common meaning and 1s typically used to mean “without appreciable
heat being added or subtracted.” The term 1s always only approximately accurate at best.
100026] Included 1n the invention are devices, systems, and methods of energy generation
including an apparatus, optionally without a choke area, for generating a locally subsonic flow of
air or gas having stagnation temperature 1.5 — 10 times 1input air or gas absolute temperature,
comprising: a compressor comprising: a rotor, optionally without a choke area, capable of
accelerating air or gas to a flow with locally supersonic speed; and a chamber capable of
recerving and decelerating, optionally without a choke area, locally supersonic tflow to locally
subsonic speed and outputting the flow through a vent, optionally without a choke area.

[00027] Further included 1s any apparatus herein wherein the rotor 1s capable of sustained
rotation at a design surface speed of from about 2000 feet/second up to about 5400 feet/second
and capable of accelerating the air or gas flow to about the surface speed of the rotor.

[00028] The invention additionally includes embodiments of any apparatus herein wherein
the rotor further comprises: a shaft of high specific tensile yield strength material centered on an
ax1s of revolution, also referred to as an axis of rotation; structural blades and optionally rotor
sides of high specific compressive strength material operably connected to the shaft by high
specific tensile strength fiber tow.

100029] Any apparatus herein wherein at rest the structural blades are operably connected
to the shaft under a compression from about 50,000 ps1 to about 500,000 psi1 1s also within the
scope of the invention.

100030] Still further, the invention includes embodiments of any apparatus herein, such as
compressors and/or expanders, which comprise high specific tensile strength fiber tow optionally
coated or infiltrated with metals or ceramics whereby a bonded or coherent flexible sheet or rigid
solid, e.g., stiff sheet, 1s formed.

[00031] Additionally, embodiments of any apparatus herein can comprise high specific
tensile strength fiber tow comprising at least one of nanotube composite fiber, carbon fiber, glass

fiber, metal and ceramic fiber, ceramic fiber, and polymer fibers, or any combination thereof.
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[00032] Embodiments of the invention may comprise any apparatus herein comprising
high specific compressive strength material comprising at least one of alpha silicon carbide,
boron carbide, ceramic, diamond like materials, metal, and polymer, or any combination thereof.
[00033] Further embodiments may include any apparatus herein wherein the high specific
tensile yield strength material comprises at least one of alpha silicon carbide wound with carbon
fiber coated with diamond like materials, steel worked by twisting on the shaft axis, titanium
alloy heat treated for maximum tensile yield strength, and metal or ceramic or polymer, or any
combination thereof.

100034] Devices according to the invention can include any apparatus herein comprising a
shaft with axial hollows or bores centered on the axis of rotation and rotor radial vents between
the structural blades, wherein the hollows or bores and radial vents are capable of providing a
passageway for air or gas into the compressor; optionally a plurality of shells operably associated
with opposing edges of the structural blades that extend outward from the shaft, wherein the
shells are capable of bounding air or gas between the structural blades; optionally a thermally
insulated housing for at least a portion of the shaft and rotor comprising: an annulus surrounding
at least part of the rotor and capable of rece1ving locally supersonic air or gas flow from between
the structural blades and shells and capable of modifying the flow to locally subsonic speed
without a choke area; and a chamber capable of receiving the locally subsonic tflow from the
annulus, wherein the chamber 1s a spiral chamber having an outwardly spiral wall and opposing
top and bottom 1nner surfaces capable of bounding air or gas within the spiral chamber, and
wherein the spiral chamber 1s capable of leading flow to a vent.

[00033] An apparatus according to any apparatus herein capable of producing
compression ratios 1n the range of about 10:1 to about 92:1 from room temperature air 1s also
included 1n the scope of the invention.

100036] Operating any compressor according to the invention in reverse 1s also feasible.
For example, embodiments of the invention include any compressor apparatus herein capable of
operating as an expander when flow and rotation are reversed and vice versa.

[00037] Any apparatus herein according to the invention can comprise opposing inner
surfaces of the annulus having shapes that produce during operation a smooth flow with
circumferential speed inversely proportional to a distance from the axis; and/or an annulus
having an outer diameter selected such that, during operation, a locally supersonic flow 1s
modified to locally subsonic speed within the annulus; and/or the annulus has no choke area.
[00038] Also included as an embodiment of the invention 1s any apparatus herein

comprising an adjustable strip or belt located inside the spiral wall of the spiral chamber around
6
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the annulus capable of being moved away from the spiral wall to follow the natural spiral shape
of the tlow and to limit radial flow.

[00039] Engines are also included within the scope of the invention. Engines in
accordance with the invention can comprise a compressor and/or expander according to the
invention. For example, included 1s a ramjet engine capable of operating as a stationary or
subsonic ramjet engine with locally supersonic output comprising: a compressor capable of
accelerating air or gas to a flow with locally supersonic speed; a chamber capable of receirving
and decelerating, without a choke area, locally supersonic flow to locally subsonic speed and
outputting the flow through a vent; and a partial input de Laval nozzle for receiving locally
subsonic flow from the vent wherein the partial input de Laval nozzle 1s configured such that the
high speed flow area and choke area are missing or not used; and optionally a combustion
chamber for receiving the flow from the input de Laval nozzle.

100040] Included further 1s a ramjet engine comprising a partial output de Laval nozzle
capable of receirving locally subsonic air or gas from the combustion chamber and capable of
accelerating the flow to input at locally subsonic speeds to an expander vent, wherein the partial
output de Laval nozzle i1s configured such that the choke area and higher speed regions are
missing or not used; wherein the expander vent feeds flow to a chamber capable of leading flow
to an annulus capable of receiving and accelerating locally subsonic flow to locally supersonic
speed without a choke area; wherein the annulus 1s capable of leading flow to an expander rotor
capable of decelerating locally supersonic flow to locally subsonic speed and reduced
temperature; and an expander shaft capable of driving loads with high energy removed from
combustion products by the rotor.

100041] A ramjet engine 1n accordance with the invention may include any ramjet engine
herein wherein each of the compressor, the ramjet, and the expander has a housing capable of
being fastened together to form one housing.

100042] Also, a ramjet engine 1n accordance with the invention may include any ramjet
engine herein wherein each of the compressor, the ramjet, and the expander has a housing
capable of being attached to a common frame.

10004 3] A compressor and/or expander 1n accordance with the invention herein may
include embodiments comprising any expander or compressor herein wherein a circular ring 1s
disposed beyond outer blade edge radius of the blades and operably associated with the rotor,
wherein the circular ring comprises at least one of fiber mat, porous material, or metal mesh and

comprises small flow channels, such that during operation air or gas flow 1s capable of passing
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between the structural blades and flowing through the ring; and an annular space exists inside the
rotor between the outer blade edge radius and the ring.

100044] A compressor and/or expander 1n accordance with the invention herein may
include embodiments comprising any expander or compressor herein wherein carbon fiber
windings are disposed circumferentially around the outer blade edges, wherein the winding 1s
capable of permitting radial air or gas flow to pass from between the blades to the annulus at
subsonic speeds relative to the rotor.

1000435] A compressor and/or expander as described herein may include embodiments
comprising any expander or compressor herein wherein additional blades are attached to the
shaft between the structural blades and comprise PAN carbon fiber tow pressed together and
coated or infiltrated with metals or ceramics to form a bonded flexible sheet.

100046] Further, a compressor and/or expander in accordance with the invention herein
may include embodiments comprising any expander or compressor herein wherein the shells
have an outer surface shape within about one-half inch of the shell radius and facing the housing;
and/or the housing further comprising rings facing the outer surfaces of the shells and separated
from the shells during operation by a gap of from about 0.0002 inch to 0.002 inch.

100047 ] A compressor and/or expander 1n accordance with the invention herein may
include embodiments comprising any expander or compressor herein wherein the outer surface
shape of the shells have grooves angled such that during operation of the rotor at Mach speeds
the grooves and gap direct air or gas toward larger radiuses, and thereby deter flow 1n an
opposing direction around the rotor.

10004 8] Additionally, a compressor and/or expander 1n accordance with the invention
herein may include embodiments comprising any expander or compressor herein wherein the
opposing surfaces have short fibers embedded in the surfaces; and/or wherein the fibers have
diameters of about 4-6 microns, smooth and circular cylindrical surfaces, and are spaced by
distances greater than their diameters; and/or wherein the fibers are capable of protruding into
the flow more than about 3 times their diameters out of the opposing surfaces and capable of
bending toward the surfaces when high speed air or gas flow occurs parallel to the surfaces.
[00049] Compressors and/or expanders 1n accordance with the invention herein may
include embodiments comprising any expander or compressor herein further comprising a rotor
sealing ring disposed 1n the housing between the rotor and the annulus with a gap from about
0.0002 1inch to 0.002 inch between the rotor sealing ring and the rotor; and/or oriented grooves
on the surface of the rotor sealing ring and the outer surface of the shell to direct the air or gas

between the ring and the rotor to greater radii, thereby deterring flow 1in an opposing direction.
3



CA 02719575 2010-09-23

WO 2009/120778 PCT/US2009/038244
Attorney Docket No. AMI-101-PCT

[00050] Still further, a compressor and/or expander 1n accordance with the invention
herein may include embodiments comprising any expander or compressor herein wherein the
combustion chamber has a length of about three to one thousand times 1ts width; and/or the
combustion chamber 1s 1nsulated against heat loss so as to provide during operation less than
about 1% loss of energy or efficiency.

00051 ] A ramjet engine 1n accordance with the invention herein may include
embodiments comprising any ramjet engine herein wherein the combustion chamber comprises
an increasing or reducing internal flow area capable of increasing air or gas flow toward local
speed of sound and capable of reducing air or gas maximum temperature by up to about

270 degrees centigrade.

100052] Even further, a ramjet in accordance with the invention herein may include
embodiments comprising any ramjet engine herein comprising one or more of means for
providing inert gas or non-reacting gas for circulation through the compressor, and ramjet engine
as working gas of the engine; a heating supply to heat the working gas 1in the combustion
chamber chosen from solar radiation or heat exchange from an external heat source; means for
re-circulating exhaust gas to the compressor; means for cooling the exhaust gas to a temperature
close to or below atmospheric temperature before inputting to the compressor.

[00053] A ramjet 1n accordance with the invention herein may include embodiments
comprising any ramjet engine herein wherein the compressor and expander are on one shalft;
compressor and expander portions of the shaft are separate, capable of allowing air or gas to
input or output through four ends of the hollow portions of the shaft; the compressor and
expander portions of the shaft are connected by a solid shaft on the axis extending into each shaft
and supported by radial walls inside the compressor shaft and ending at a solid portion of the
expander shaft near the middle of the expander rotor.

100054 ] Additionally, a ramjet in accordance with the invention herein may include
embodiments comprising any ramjet engine herein wherein the compressor and expander are on
one shaft; the shaft of the compressor 1s not hollow and 1s smaller in diameter than the expander
portion of the shaft except near middle of the compressor rotor; the compressor 1s capable of
allowing air or gas to input to the compressor through a cutaway volume of the shaft inside the
housing and shells; the compressor shaft extends into the expander shaft and 1s connected to a
solid portion of the expander shaft near the middle of the expander rotor.

[00055] Other embodiments of a ramjet in accordance with the invention herein may
include embodiments comprising any ramjet engine herein wherein the shatt 1s hollow and

capable of allowing output air or gas to pass through the hollow; the compressor and expander
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are on the same shaft; the compressor portion of the shaft hollow has no radial vents; the
compressor 1s capable of allowing air or gas to input to the compressor through a cutaway
volume of the shaft inside the housing and shells; and/or the compressor has circular openings in
the housing and shell facing the housing around the shaft capable of allowing air or gas to pass
through the openings into the compressor.

[00056] Ramjet engine embodiments 1n accordance with the invention herein may include
embodiments comprising any ramjet engine herein wherein the compressor and the expander are
on one shaft hollowed or bored from each end with a solid portion of the shaft dividing input and
output flow areas of each of the compressor and the expander.

[00057] Even further, ramjet engine embodiments 1in accordance with the invention herein
may include embodiments comprising any ramjet engine herein wherein a shell on the
compressor rotor comprises a first opening at a radius to allow air or gas to enter on a side of the
shell facing the housing; the housing facing the side of the shell on the compressor rotor
comprises a second opening at a smaller radius; on the compressor rotor a porous material or
fiber mat supported by high tension fiber tow windings occupies the first opening and between
the shell and the shaft and extends toward the housing and 1s capable of rotating with the shaft;
the compressor shaft and expander shaft are hollow, the compressor shaft has no radial vents,
and the radial vents 1n the expander shaft have an area selected to be capable of accommodating
exhaust flow from the expander through two ends of the shatft.

[00058] Also included 1n the invention 1s a method of organizing air or gas flow to create
an engine, comprising: accelerating and compressing air or gas 1n ambient atmosphere by
performing work on the air or gas to achieve a target air or gas flow, followed by; decelerating
and compressing the air or gas flow to near stagnation temperature flow performing no work on
the flow, followed by; heating the air or gas flow at approximately constant pressure remaining
near stagnation temperature, followed by; accelerating and decompressing the air or gas flow
performing no work on the flow, followed by; decelerating and decompressing the air or gas
flow by having the flow perform work, and producing exhaust from the air or gas flow, wherein
the exhaust 1s capable of producing thrust. Embodiments also include methods of organizing air
or gas flow, wherein one or more of the above actions 1s optional.

[00059] Embodiments of the invention include a method of decelerating the flow of air or
gas comprising guiding air or gas in the direction of convergence between two surfaces that
converge over a selected distance by way of a curved surface annulus, and devices for carrying

out the method.
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100060] Embodiments of the invention include a method for converting supersonic flow to
subsonic tflow or converting subsonic flow to supersonic flow comprising decelerating
supersonic flow or accelerating subsonic flow without a de LLaval nozzle, or a choke area, and
devices for carrying out the method.

100061 ] To recreate 1nside a ramjet engine the conditions of flight at Mach speed M 1n an
atmosphere at temperature Ty K, 1t 1s sufficient to compress air with low heat loss to the point
where 1ts stagnation temperature, T K, equals the stagnation temperature of air inside the ramjet
engine, at sufficient mass per second flow rate to match or exceed the ramjet engine 1n flight.
FIG. 1 1s a schematic diagram showing how specific functional components may be arranged.
For example, FIG. 1 shows a schematic diagram of one embodiment of a compressor, ramjet,
and expander. For ease of reference, various points of interest within FIG. 1 are referred to by
the terms provided 1n Table 1.

[00062]

Table 1: Reference for Points of Interest Labeled in Figure 1

AXx1s of compressor
Supersonic flow from compressor
De Laval nozzle — Supersonic to subsonic convertor
Subsonic flow with heat addition / combustion chamber
De Laval nozzle — Subsonic to supersonic convertor
Supersonic flow to expander
Axi1s of decompressor / expander
Spiral inward tlow
Radial channel

. Radial blades

. Radial channels of expander

. Radial channels of compressor

. Radial blades of compressor

. Radial channel

. Spiral outward tlow

RN A=

— ek ke ke
N B WM =D

100063 ] The compressor 1, 12, 13, 14, 15 outputs air/gas 2 to the entry de Laval nozzle 3.
The air/gas 1s passed through the heating area 4, which 1s generally called the combustion
chamber. The heated air/gas exits through the rear de LLaval Nozzle 5 and enters the expander 6.
There are various ways to do this, and preferred ways will be shown 1n FIG. 2 through FIG. 10.
In FIG. 1 1f the output 2 of the compressor 1, 12, 13, 14, 15 1s supersonic 1t can be fed directly
into the de Laval nozzle 3 at the front of the ramjet engine 3, 4, 5 at the point in the input

de Laval nozzle where the air flow speeds match. For example, the supersonic flow exiting from

the compressor 1s received by the input de LLaval nozzle at a point within the de Laval nozzle
11
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capable of accommodating supersonic flow. If the output of the compressor 2 1s subsonic 1t can
be fed into the subsonic part of de Laval nozzle 3, after the nozzle’s higher speed sections are
removed. The conditions in the combustion chamber 4 1n the ramjet engine 3, 4, 5 will be the
same as 1n flight at Mach M 1n the same atmosphere, and the ramjet engine will reach the
efficiency of flight. In various embodiments of this invention, the ramjet engine 3, 4, 5 may be
stationary or moving.

100064 ] To use the ramjet engine 3, 4, 5 as a jet, fuel 1s added and burned, or heat 1s
added, to the gas in the combustion chamber 4 and the de Laval nozzle 5 at the rear of the ramjet
engine converts the subsonic flow to supersonic, creating a jet output, not shown, which does not
enter the expander.

00063 ] To use the ramjet engine 3, 4, 5 as a mechanical engine, some or all of the jet
output 6 can be confined to the input to a diffuser or expander 7, 8, 9, 10, 11 which outputs
mechanical energy on a shaft 7, and outputs exhaust, not shown. The ramjet engine’s rear de
[.aval nozzle 5 can be truncated at the cross section where the output matches the input speed of
the input to the expander 6.

100066] Described 1n the following 1s a single stage compressor with shaft 1 turning
blades 13 attached to the shaft with air/gas entering between blades 12 traveling at rim speeds of
from about 2000 teet/second up to 5400 feet/second, 14, which tlow spirals outward 1n the
housing 15 and exits through a vent as supersonic flow output 2 into the ramjet engine’s front
end de Laval nozzle 3, matching flow speeds 1n the nozzle, and also described i1s a single stage
expander with shaft 7 being turned by blades 10 which are driven by air/gas 6, 11 being slowed
down by the blades, which form a supersonic rotor 10, 11, traveling at rim speeds 9 of from
about 2000 feet/second up to 5400 feet/second, which takes supersonic input 6 from the ramjet
engine’s rear de LLaval nozzle 5 and spirals 1t inward to the blades, generating mechanical output
plus exhaust.

100067] Further described 1s a means to replace a ramjet engine’s front, or input, de Laval
nozzle 3 with a supersonic to subsonic convertor which does not have a choke area, and to
replace a ramjet engine’s rear, or output, de Laval nozzle 5 with a subsonic to supersonic
convertor which does not possess a choke area.

[000638] Also shown 1s how to modify a supersonic rotor compressor 12, 13 operating at
the same rotational speed to output subsonic flow with the same total high energy without 1ts
flow experiencing a choke area, and to convert a supersonic expander 7, 8, 9, 10, 11 operating at
the same rpm to input subsonic flow with the same total high energy without 1ts flow

experiencing any choke area.
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[00069] To begin those descriptions, a rotor on a shaft which can operate at rim speeds of
from about 2000 feet/second to about 5400 feet/second will be described, as well as methods of
manufacturing such a device. To build such a rotor a material comprising high specific tensile
yield strength 1s obtained for a shaft. As used herein for a shaft, “high specific tensile yield
strength” has a specific tensile yield strength 1n the range of about 46,000 to 47,000 psi. In one
embodiment, the high specific tensile yield strength has a specific tensile yield strength above
46,000 ps1. For example, steel music wire and one reported type of Titanium beta-C have very
high specific tensile yield strength among metals. But these materials are not in the same
ballpark as some carbon fibers which have specific tensile yield strengths about 10 times greater.
High specific tensile strength fiber tow 1s also obtained for holding the rotor parts, optionally
under high tension. In the future, tow made from fibers made from carbon nanotubes may be
better; for now the preferred high specific tensile strength material 1s carbon fiber. Most carbon
fiber has about the same specific gravity, and some 1s available with ultimate tensile strength,
around 1,000,000 ps1, which 1s higher than necessary for embodiments of this invention. As
used herein, for carbon fiber, “high specific tensile strength” has a specific tensile strength 1n the
range of about 400,000 — 465,000 ps1. In one embodiment, the high specific tensile strength
material has a tensile strength above about 400,000 ps1. Carbon fiber 1s not hard and 1t can wear
against most materials, including itself. In order to reduce or eliminate wear or deformity of the
rotor, the fiber can be coated with a thin layer of high temperature wear resistant material, such
as metal or ceramic. The elastic properties of, for example, PolyAcryloNitrile, or PAN, based
carbon fiber, usually called “PAN carbon fiber,” are very different from the elastic properties of
metals. PAN carbon fiber can stretch elastically up to about 2% without deforming. At
temperatures much higher than the temperatures the fiber 1s exposed to in embodiments of this
invention, the fiber does not yield, creep, or deform as metals do. Most metals have an elastic
stretching limit around 1/10™ as large as PAN carbon fiber.

[00070] PAN carbon fiber 1s used as a tensile construction material in the rotor, somewhat
like wire 1s used 1n suspension bridges, in such a way that throughout the on-off cycles of the
rotor, the PAN carbon fiber does not change length more than the elastic limit of the materials
coating the fiber. A high specific compressive strength material 1s used, such as alpha silicon
carbide, because of 1ts low specific gravity combined with high compressive strength, 1ts high
modulus of elasticity and excellent high temperature strength and oxidation resistance. As used
herein, “high specific compressive strength” material has a compressive strength in the range of
about 80,000 to 180,000 ps1. In one embodiment, the high compressive strength material has a

compressive strength above about 160,000 psi. Exemplary types of high compressive strength
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materials that can be used are discussed in more detail below. The S1C 1s not exposed to
temperatures close to the maximum temperatures in the ramjet engine. One way to achieve this
1s to place the S1C under high compression, approximately the force it will exert as centrifugal
force at maximum speed, using the PAN carbon fibers while the device 1s not running, such that
when the device 1s running at maximum speed, the S1C remains 1n place still under compression
and only slightly expanded from the stationary compression. This slight expansion, for example,
may be 1n the range of about .2% to .3% for a Mach speed of 4. At design speed the pressure of
a part on the shaft may be about 10,000 ps1 or higher. The part helps reinforce the shaft against
centrifugal forces. The PAN carbon fiber acts as powerful sinews while the alpha S1C acts as the
strong bones 1n a very stiff combination. PAN carbon fiber can also be used to make flexible
blades using fibers wound on a fiber shape with predominantly radial orientation. The fiber
shape can be tied to the rotor and to stiff walls on the rotor, or to fiber stretched around the rotor.
Bonding materials such as metal coatings or castable ceramics can coat or infiltrate the fibers to
help protect the fiber.

[00071] Before w<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>