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Description

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to US Provision-
al Application No. 62/162,970, filed May 18, 2015, and
entitled CAVITATION ENGINE.

FIELD

[0002] The present disclosure relates to cavitation en-
gines. More particularly, the disclosure relates to cavita-
tion engine structures that generate steam from liquid
water fed into the engine in a manner that enables im-
proved efficiency compared to conventional steam gen-
eration devices.

BACKGROUND

[0003] Improvement is desired in the construction of
engines or the like that generate steam from water fed
into the engine. Conventional engines or like devices that
convert liquid water to steam are inefficient in terms of
their energy use.
[0004] The present disclosure relates to more energy
efficient engine structures configured to inject liquid water
in a controlled to promote the formation of cavitation bub-
bles within the injected water, and to impact the injected
water onto an impact surface of an impact chamber to
crush the cavitation bubbles to generate very high pres-
sure superheated steam that can be used to generate
electricity or otherwise harnessed as an energy output.
[0005] US 2013/0145997 A1 relates to an apparatus
for generating steam by injecting liquid water from a water
source of a water pressure of at least 68,95 MPa [10.000
psi] onto an impact surface of an impact chamber, where-
in the injected water undergoes a virtually instantaneous
phase transition from liquid state to gaseous state upon
contact with the impact surface, thereby generating
steam. The impact chamber has a flat impact surfaces
on which the water is injected vertically through an atom-
izer.

SUMMARY

[0006] The cavitation engine according to the invention
is described in claim 1. Cavitation engines according to
the disclosure are configured to produce high pressure
superheated steam from injected liquid water.
[0007] In one aspect, a cavitation engine according to
the disclosure includes an impact chamber having an
impact surface having a temperature of at least 190,56°
C [375 degrees Fahrenheit], and a fluid injector having
an outlet positioned to inject hyperbaric liquid water onto
the impact surface of the impact chamber at supersonic
velocities such that cavitation bubbles are present in the
injected water. The outlet of the fluid injector and the im-
pact surface are located relative to one another such that

the outlet is spaced a distance from the impact surface
of between 3,81 and 11,43 mm [0.150 and 0.450 inches]
and the injected water hits the impact surface at an angle
of between 85 and 95 degrees. Impact of the water with
the impact surface crushes the cavitation bubbles in the
injected water to generate pressure above 6,89 MPa
[1,000 pounds per square inch] and produce superheat-
ed steam.
[0008] In another aspect, the cavitation engine accord-
ing to the disclosure includes a funnel shaped impact
chamber having an impact surface having a temperature
of at least 190,56° C [375 degrees Fahrenheit], a small
diameter opening at a bottom of the impact chamber, and
an expansion chamber below the small diameter open-
ing. The engine includes a fluid injector having an outlet
positioned adjacent a largest diameter of the impact
chamber and located to inject hyperbaric liquid water on-
to the impact surface of the impact chamber at supersonic
velocities such that cavitation bubbles are present in the
injected water. The outlet of the fluid injector and the im-
pact surface are located relative to one another such that
the outlet is spaced a distance from the impact surface
of between 3,81 and 11,43 mm [0.150 and 0.450 inches]
and the injected water hits the impact surface at an angle
of between 85 and 95 degrees. The cavitation bubbles
in the injected water are crushed by the impact of the
injected water onto the impact surface and gases inside
the cavitation bubbles rapidly increases in temperature
to create superheated steam and pressure. The pressure
forces the superheated steam through the small diameter
opening of the impact chamber.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Further advantages of the disclosure are appar-
ent by reference to the detailed description when consid-
ered in conjunction with the figures, which are not to scale
so as to more clearly show the details, wherein like ref-
erence numbers indicate like elements throughout the
several views, and wherein:

FIG. 1 is a perspective view of a cavitation engine
according to the disclosure.

FIG. 2 is a frontal view of the cavitation engine of
FIG. 1, with a portion cutaway to show internal de-
tails.

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

FIG. 4 is a detailed view of a portion of FIG. 3.

FIG. 5 is a top view of the cavitation engine of FIG. 1.

FIG. 6 is a bottom view of the cavitation engine of
FIG. 1.
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FIG. 7 is a transparent perspective view of the cav-
itation engine of FIG. 1.

FIG. 8 is a transparent frontal view of the cavitation
engine of FIG. 1.

FIGS. 9-19 show various cross-sectional and de-
tailed views of the cavitation engine of FIG. 1.

FIG. 20 is a graph showing operation of a cavitation
engine according to the disclosure.

DETAILED DESCRIPTION

[0010] With reference to the drawings, the disclosure
relates to a steam engine, and in particular to a cavitation
engine 100. The cavitation engine 100 produces super-
heated steam by injecting hyperbaric liquid water at su-
personic velocities to create cavitation bubbles within the
injected water. The water is injected into specially con-
figured, heated impact chambers 102 having impact sur-
faces 102a configured to crush or collapse the cavitation
bubbles.
[0011] It has been discovered that injecting water in a
manner that forms cavitation bubbles in the water and
impacting the water to crush the cavitation bubbles gen-
erates very high pressure superheated steam that can
be used to generate electricity or otherwised harnessed
as an energy output. The feed water can be ambient tem-
perature, but may be initially heated, but injected as a
liquid.
[0012] The impact chamber 102 is advantageously
configured to provide a funnel like curvature of the cham-
ber 102 as shown in the drawings that opens towards a
fluid injector with the largest dimension closest to the
injector. It has been discovered that the described shape
and configuration of the impact chamber 102 desirably
produces very high water hammer pressure during col-
lision of the water fraction that rapidly crushes the cavi-
tation bubbles.
[0013] The engine 100 and the impact chambers 102
include the following components, as shown in the draw-
ings:

Ref. # Component

1 High pressure fuel rail
2 Thermocouple probe
4 Wire to thermocouple probe
6 Pressure relief valve
7 Spring for pressure relief valve
8 Insert for impact chamber 102
9 Entrance for injector
12 Piezoelectric injector
13 Outer shell of impact chamber 102
14 Pressure regulating plug
15 Immersion thermocouple probe

[0014] Each impact chamber 102 is preferably initially
pre-heated to 190,56° C [375 degrees F]. Once the en-
gine 100 is operating, the energy supplied for the pre-
heating may be ceased, as it has been observed that the
temperature of the impact chambers 102 will remain
above 190,56° C [375 degrees F] due to the operation
of the engine 100. For example, the thermocouple probe
2 may be connected to a digital controller for providing
the desired pre-heating.
[0015] Cavitation will be understood herein to refer to
the formation of vapor cavities in a liquid. The vapor cav-
ities are characterized as small liquid-cavitation-free
zones in the nature of bubbles or voids that are the con-
sequence of cavitational forces acting upon the liquid.
Cavitiation occurs when a liquid is subjected to rapid
changes of pressure that cause the formation of cavities
where the pressure is relatively low. When subjected to
higher pressure, as in the case of the cavitation engines
according to the disclosure, it has been observed that
the voids implode or are otherwise crushed and generate
an intense shockwave and high pressure.
[0016] Thus, it will be understood that engine struc-
tures according to the disclosure are configured to re-
ceive injected water and to promote cavitation of the in-
jected water to generate very high pressure that can be
used to generate electricity or otherwise harnessed as
an energy output. That is, the injector 12 injects water in
a manner such that bubbles or voids are created in the
stream of injected water, referred to herein as cavitation
bubbles.
[0017] In accordance with the disclosure, and without
being bound by theory, it is believed that when the inject-
ed water collides with the impact surface 102a of the
impact chamber 102, a shock wave occurs and the water
is shattered to crush the bubbles and the water is instantly
transformed into superheated steam. That is, the injector
12 operates to form cavitation bubbles in the water and
the impact surface 102a cooperates so that that cavita-
tion bubbles in the injected water are crushed upon im-
pact of the water with the impact surface 102a.
[0018] Thus, cavitation engines according to the dis-
closure encompass (1) injecting liquid water in a manner
that creates cavitation bubbles, and (2) impacting the wa-
ter onto an impact surface in a manner that rapidly crush-
es the cavitation bubbles upon impact. The injected water
is desirably substantially saturated with cavitation bub-

(continued)

Ref. # Component
16 Heater
19 Insert for impact chamber 102
20 Copper washer
21 Injector retention block
22 Injector insulator block
25 Injector insulator block
36 O-ring
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bles. Crushing of the cavitation bubbles in this manner
causes the temperature of the gases inside the bubbles
to rapidly increase and raise the temperature of the sur-
rounding water and the resulting steam, which creates
high pressure superheated steam. The described struc-
tures have successfully been operated to inject water in
a manner that results in the generation of high pressure
superheated steam.
[0019] The superheated steam produced by the colli-
sion of the injected liquid water with the impact surface
102a is channeled through a small diameter opening
102b to an enlarged area providing an expansion cham-
ber 102c of the impact chamber 102 (FIG. 13). The pres-
sure relief valve 6 retains the pressure until it exceeds a
pre-set spring pressure, at which point the valve 6 permits
exit of the pressure which may be routed for further use.
For example, the engine 100 may be utilized to power
an electric generator or the like.
[0020] For the purpose of example, an uppermost di-
ameter of the impact chamber 102 adjacent the injector
12 is about 3,05 cm [1.2 inches]. The preferred outside
diameter of the small diameter opening for such an im-
pact chamber is 3,81 mm [0.150 inches] (ratio 0,150/1.2
= 0,125). In addition, it has been observed that it is de-
sirable that the volume of the expansion chamber 102c
not exceed the volume of the impact chamber.
[0021] It has been observed that the angle of incidence
of the water as it strikes the impact surface 102a and the
proximity of the impact surface 102a of the impact cham-
ber 102 to an orifice or outlet 12a of the fluid injector 12
are critical to the functioning of the cavitation engine of
the disclosure. The pressure of the water as it is injected
and the orifice size of the outlet 12a also affect the velocity
of the injected water. The velocity of the water directly
affects the shock wave at the impact surface 102a and
the resulting water hammer pressure within the droplet
containing the vapor nano bubbles.
[0022] The pressure of the injected water preferably
ranges from about 34,74 MPa to about 206,84 MPa
[5,000 psi to about 30,000 psi], most preferably about
137,90 MPa [20,000 psi]. Preferred water velocities
range from 1.500 meters/second to 2.000 meters/sec-
ond. In the case of water injected at 137,90 MPa [20,000
psi], an injector is used having an orifice of 127 mm [0.005
inches] in diameter, and operated to inject pulses of water
of 0,295 ml/pulse. Water injected in this manner has a
velocity of 1.700 meters/second.
[0023] It has also been discovered that it is desirable
that the injection angle of the injector 12a and the angle
of the impact surface 102a be configured to cooperate
so that the injected water hits the impact surface 102a
at an angle A of from about 85 to 95 degrees, and most
preferably about 90 degrees (FIGS. 18 and 19). Thus,
for different injectors having a different injection angle,
the inclination of the impact surface 102a of the impact
chamber 102a is selected so that the injected water hits
the impact surface 102a at an angle of about 90 degrees.
[0024] For example, with reference to FIG. 18, there

is shown the impact chamber 102 with the injector 12a
provided as by a hydraulic injector which injects water at
an angle of about 35 degrees. As shown, the impact
chamber 102 is thus configured so that the impact surface
102a is at an angle of about 35 degrees so that the in-
jected water represented by line W hits the impact surface
102a at an angle of about 90 degrees.
[0025] It will be understood that the injected water will
be provided in a 360-degree swath and that the impact
surface 102a is also a 360-degree surface as it is funnel
shaped. However, it will be appreciated that the injected
water follows a spray line as represented by the line W
so that the injector 12a is a desired distance from the
impact surface 102a as described more fully below.
[0026] In another example, FIG. 19 shows the injector
12a provided as by a Ford piezoelectric diesel fuel injec-
tor which injects water at an angle of about 15 degrees.
As will be observed, the impact surface 102a is oriented
so that the injected water hits the impact surface 102a
at an angle of about 90 degrees. As will be observed, the
sidewalls of the impact chamber 102 below the impact
surface 102 increase in slope to taper the lower end of
the chamber 102 to the small diameter opening 102b.
[0027] In regards to the proximity of the outlet of the
injector 12 to the impact surface 102a, it will be seen that
the injector 12 terminates at the outlet 12a that extends
into an upper portion of the impact chamber 102. The
outlet 12a is positioned to inject liquid water onto the im-
pact surface 102a. The outlet 12a is desirably located a
distance of between about 3,81 and 11,43 mm [0.150 -
0.450 inches] from the impact surface 102a of the impact
chamber 102. This distance of the outlet 12a to the impact
surface 102a is represented by the length of the line W
in FIGS. 18 and 19.
[0028] It has been observed that greater distances will
tend to dissipate the injection stream and the vapor bub-
bles present in the stream will be lost. It is important that
the water injection, which is saturated with cavitation bub-
bles, impacts the surface with maximum force so that the
water hammer pressure crushes the bubbles and releas-
es the energy associated with the bubble collapse.
[0029] It is desirable to maximally collapse these bub-
bles to obtain the greatest heat energy, which is a function
of the cube of the bubble ratio (Radius expanded/Radius
collapsed) and product of the pressure ratio. It is believed
that this is why the heat observed during operation of the
engine is so intense. In this regard, it is believed that an
oxyhydrogen covalent separation occurs where temper-
atures in excess to 3000 degrees C are required to get
about 50% disassociation. The impact water hammer
pressure drops off exponentially as the distance from the
injector orifice increases. The angle of impact also affects
the impact pressure. Placing the injector close to the im-
pact surface makes no sense from a combustion engi-
neering view point, but in our case it is important.
[0030] Accordingly, it will be appreciated that the tim-
ing, distance and geometry of the impact chamber 102
are critical in desired operation of the engine system and
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the production of heat. The engine system operates with
pressures between about 103,42 - 193,05 MPa [15000
- 28000 psi]. A variety of injector orifice diameters may
be used, it being understood that the pressure and orifice
determine the degree of cavitation in the injection stream.
[0031] The timing of the injections also affects the op-
eration of the engine. The water is desirably injected as
discrete pulses. The width of each pulse controls the vol-
ume of water injected. The number of injections per sec-
ond controls the amount of steam production per hour in
pounds of steam/hour. All of this requires an instant re-
sponse to all of the sensors. Accordingly, the impact
chamber temperature is controlled to manage the output
steam temperature required by the water prime mover,
such as a turbine, rotary expander, reciprocating steam
engine etc. Controlling the volume of steam produced
per second will affect the rotation rate of a steam engine
which in turn may be driving a generator or other device.
A computer control system it desirably utilized to monitor
and adjust injection rates and volumes, impact chamber
temperatures, generator rpm and output pressure.
[0032] As noted above, it is believed that cavitation is
responsible for the heating which occurs within the im-
pact chamber. Cavitation occurs within the orifice of the
fuel injector nozzle when the local flow pressure drops
below the vapor pressure of the liquid. As the pressurized
and compressed water expands through the orifice the
liquid accelerates. The flow streamlines contract as the
liquid ejects from the nozzle and according to the Ber-
nouilli principle this causes a reduction in the local static
pressure which can become lower than the vapor pres-
sure of the water leading to extensive cavitation bubble
formation. These cavitation bubbles are ejected from the
nozzle at supersonic velocity into the impact chamber.
When they collide with the impact surface 102a they are
crushed from the pressure.
[0033] Additional cavitation bubbles form as the fluid
ejection fraction travels towards the impact surface 102a
as the ambient pressure within the impact chamber is
significantly less than the pressure of the exiting water.
The distance from the injector orifice is critical to the op-
eration of the system and must be between 3,81 and
11,43 mm [0.150 and 0.450 inches] or the cavitation bub-
bles will dissipate before hitting the impact chamber wall.
[0034] The water hammer shock wave pressures en-
countered as the water droplet hits the impact surface
102a can be well in excess of 275 MPa (Mega Pascals).
This pressure is more than enough to crush any vapor
bubbles which have been formed. The energy released
when this phenomena occurs can be in excess of 30.000
degrees K (Kelvin). Since these temperatures are well in
excess of that required to obtain molecular hydrogen and
oxygen separation in water (temperatures above 3.000
degrees C result in 50% molecular separation) a signif-
icant portion of the water separates and subsequently
combusts releasing heat energy.
[0035] In a preferred embodiment, the engine 100 in-
cludes banks of eight impact chambers arrayed together.

Without being bound by theory, it is believed that as a
result of the crushing of the vapor bubbles, heat is gen-
erated via conduction at the point of impact and additional
heat is infrared or radiated heat. The use of 310 stainless
steel which has a relatively low thermal conductivity for
the impact chambers 102 is preferred to absorb the in-
frared heat. 310 stainless steel at 100° C [212 degrees
Fahrenheit] has a thermal conductivity of 8,0. The 310
stainless steel is also desirable as a material for capturing
the radiant heat because it has a relatively low thermal
emissivity. Emissivity is a measure of the efficiency in
which a surface emits thermal energy. Emissivity is the
fraction of energy being emitted relative to that emitted
by a thermally black surface having an emissivity value
of 1. An emissivity value of 0 represents a perfect thermal
mirror. 310 stainless steel treated for furnace service has
an emissivity of between about 0,90 to 0,97.
[0036] Ceramic or other insulating material may addi-
tionally be used to separate the injector body from the
impact chamber to minimize heat loss and to capture
heat. The primary loss of heat is through steam exiting
from the pressure relief valve. The steam exiting the pres-
sure relief valve is superheat steam and can be used to
drive a reciprocating steam engine or a rotary expander
type turbine. It has been observed that capture of the
radiant heat inside the impact chamber offers significant
advantages to the operation of the cavitation engine.
[0037] The rotational speed of the steam engine or ro-
tary expander may be controlled as by adjusting the flow
of superheat steam from the cavitation engine. This
steam output flow is adjusted by varying the injection rate
(injections/second) of the individual impact chambers. As
additional output power is required, the number of impact
chambers used and the injection rate per chamber are
varied in real time, according to demand.
[0038] A high pressure triplex water pump system may
be used to provide high pressure water (> 137,90 MPa
[> 20,000 psi]) to the common rail manifold supplying the
fuel/water injectors. The speed of the pump and thus the
pressure is regulated by controlling the power flow to a
DC electric motor. A control computer monitors the com-
mon rail manifold pressure and adjusts the pump speed
to maintain this pressure. To minimize power consump-
tion the pump is only run on demand for feedwater to the
injectors.
[0039] An injector control module is used to supply the
140 V DC power required to fire the piezo type fuel in-
jectors. A central control computer controls the impact
chamber electric heaters, the impact chamber injection
rate, the feedwater temperature and the cyclical rotation
rate of the prime mover (steam engine, steam turbine)
driving the power generators.
[0040] A cavitation engine according to the disclosure
was successfully operated and yielded the pressure re-
sults shown in FIG. 20. The engine utilized for the results
shown in FIG. 20 utilized a single injector and a single
impact chamber. No relief valve was provided and an
Omega pressure transducer was utilized to obtain instan-
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taneous pressure readings. Because of the pressures
generated, it was difficult to continuously operate the en-
gine due to failure of seals. Thus, tests were kept short
(1-2 seconds) while efforts are being made to improve
the longevity of the seals.
[0041] For the purpose of example, for the operation
of the engine for the results shown in FIG. 20, the impact
chamber was initially pre-heated to 190,56° C [375 de-
grees F] using an electrical heater, and then power to
the heater was turned off once the pre-heating was ac-
complished. The pre-heated sealed impact chamber and
expansion chamber of the engine were under 49,16 ml
[3 cubic inch], and the freshwater feed water was 71,11°
C [160 degrees F]. After two seconds of operation, re-
sulting in 10 injections (5 injections per second), the im-
pact chamber was heated to 301,67° C [575 degrees F]
and produced pressure of 9,26 MPa [1,340 PSI]. In an-
other test of 3 seconds (5 injections per second), a pres-
sure of 13,44 MPa [1,950 psi] was achieved before the
seal failed.
[0042] The results have also been observed to differ
based on the salinity of the water. In this regard, it was
observed that cavitation increased with seawater (4%
salt solution) as compared to fresh water. It is believed
that other liquids may be utilized other than water.
[0043] When the injector device is fired pre-heated wa-
ter is injected at pressures ranging from 137,90 - 172,37
MPa [20,000 - 25,000 psi]. The high pressure drop across
the injection nozzle as the water exits to near atmospheric
pressure within the impact chamber, tends to accelerate
the liquid within the small nozzle holes.
[0044] At the sharp edges inside the nozzle holes, such
as the inlet of the nozzle hole, the streamlines are con-
tracted such that the effective cross section of the flow
is reduced leading to accelerated velocity of the liquid.
According to Bernoulli principle, this causes a reduction
in the local static pressure and it can reach values as low
as the vapor pressure of the liquid. When the local pres-
sure becomes lower than the vapor pressure of the liquid
at local temperatures large numbers of cavitation bubbles
form within the injection stream.
[0045] Since the temperature of the ejecting liquid ap-
proaches 90 degrees C, the vapor pressure is increased
as much as 40 times that of room temperature. This sit-
uation further increases the amount of cavitation bubbles
forming. Without being bound by theory, it is believed
that as the water droplets forming the injection stream
travel towards the impact chamber the gas in the cavita-
tion bubbles expands. Upon impact with the chamber
wall there is a sudden increase in hydraulic pressure with-
in the droplet due to the water hammer effect. The mo-
mentary internal pressures can be on the order of tens
of thousands of psi. The collision of the injection droplets
with the impact chamber wall causes cavitation bubbles
within the droplet to be crushed.
[0046] When the bubbles are forced to a very small
diameter by impact, the gas inside the bubble approach-
es extremely high temperatures, and the bubbles ex-

plode and collapse. The temperatures inside these col-
lapsed cavitation bubbles can reach many thousands of
degrees K (Kelvin). At these high temperatures the gas
becomes a superheated plasma in which the water mol-
ecules are reduced to their constituent atomic compo-
nents less the surrounding electrons. The collective heat
from this vast quantity of bubbles can raise the temper-
ature of the surrounding water and resulting steam.
[0047] It has been observed that cavitation engines ac-
cording to the disclosure have substantially improved ef-
ficiency as compared to conventional steam engines,
such as conventional external combustion Rankine Cy-
cle steam boilers.
[0048] The foregoing description of preferred embod-
iments for this disclosure has been presented for purpos-
es of illustration and description.

Claims

1. A cavitation engine (100) configured to produce su-
perheated steam from injected hyperbaric liquid wa-
ter, the engine comprising:

an impact chamber (102) having an impact sur-
face (102a);
a heater (16) to heat the impact surface (102a)
to a temperature of at least 190,56° C [375 de-
grees Fahrenheit]; and
a fluid injector (12) having an outlet (12a) posi-
tioned to inject hyperbaric liquid water onto the
impact surface (102a) of the impact chamber
(102) at supersonic velocities such that cavita-
tion bubbles are present in the injected water;
wherein the outlet (12a) of the fluid injector (12)
and the impact surface (102a) are located rela-
tive to one another such that the outlet (12a) is
spaced a distance from the impact surface
(102a) of between 3,81 and 11,43 mm [0.150
and 0.450 inches] and the injected water hits the
impact surface (102a) at an angle of between
85 and 95 degrees, and
wherein impact of the injected water with the im-
pact surface (102a) crushes the cavitation bub-
bles in the injected water to generate pressure
above 6,89 MPa [1,000 pounds per square inch]
and produce superheated steam.

2. The cavitation engine (100) of claim 1, wherein the
injected fluid is injected using injector orifices orient-
ed at such an angle to the impact chamber (102)
surface as to produce a nearly perpendicular trajec-
tory.

3. The cavitation engine (100) of claim 1, wherein the
impact chamber (102) has a funnel-like curvature
opening towards the fluid injector (12) that provides
a substantially 90-degree angle of incidence of in-
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jected water.

4. The cavitation engine (100) of claim 1, wherein the
impact surface (102a) is disposed at an angle rela-
tive to horizontal of from about 10 degrees to about
45 degrees, and the injector ejects water at an angle
such that the injected water hits the impact surface
(102a) at an angle of about 90 degrees.

5. The cavitation engine (100) of claim 1, wherein the
fluid injector (12) injects the water at a pressure of
about 137,90 MPa [20,000 psi] or above.

6. The cavitation engine (100) of claim 1, wherein the
impact chamber (102) has a volume and includes a
small diameter opening (102b) at a bottom of the
impact chamber (102) and an expansion chamber
(102c) below the small diameter opening (102b), the
expansion chamber (102c) having a volume less
than the volume of the impact chamber (102),
wherein a diameter of the small diameter opening
(102b) is smaller than an uttermost diameter of the
impact chamber (102b) adjacent the fluid injector
(12).

Patentansprüche

1. Kavitationsmotor (100), der dafür ausgelegt ist,
überhitzten Dampf aus eingespritztem hyperbarem
flüssigem Wasser zu erzeugen, wobei der Motor Fol-
gendes umfasst:

eine Aufprallkammer (102), die eine Aufprallflä-
che (102a) aufweist;
eine Heizeinrichtung (16) zum Erhitzen der Auf-
prallfläche (102a) auf eine Temperatur von we-
nigstens 190,56 °C [375 Grad Fahrenheit]; und
einen Fluidinjektor (12), der einen Auslass (12a)
aufweist, der zum Einspritzen von hyperbarem
flüssigem Wasser auf die Aufprallfläche (102a)
der Aufprallkammer (102) mit Überschallge-
schwindigkeiten positioniert ist, sodass Kavita-
tionsblasen in dem eingespritzten Wasser vor-
handen sind;
wobei der Auslass (12a) des Fluidinjektors (12)
und die Aufprallfläche (102a) relativ zueinander
derart angeordnet sind, dass der Auslass (12a)
mit einem Abstand zwischen 3,81 und 11,43 mm
[0,150 und 0,450 Zoll] von der Aufprallfläche
(102a) beabstandet ist und das eingespritzte
Wasser mit einem Winkel zwischen 85 und 95
Grad auf die Aufprallfläche (102a) auftrifft, und
wobei der Aufprall des eingespritzten Wassers
auf der Aufprallfläche (102a) die Kavitationsbla-
sen in dem eingespritzten Wasser zerstören, um
einen Druck über 6,89 MPa [1.000 Pfund pro
Quadratzoll] zu generieren und überhitzten

Dampf zu erzeugen.

2. Kavitationsmotor (100) nach Anspruch 1, wobei das
eingespritzte Fluid unter Verwendung von Injektor-
mündungen eingespritzt wird, die in einem derarti-
gen Winkel zur Oberfläche der Aufprallkammer
(102) ausgerichtet sind, dass eine nahezu senkrech-
te Bahnlinie erzeugt wird.

3. Kavitationsmotor (100) nach Anspruch 1, wobei die
Aufprallkammer (102) eine in Richtung des Fluidin-
jektors (12) gekrümmte trichterartige Öffnung auf-
weist, die einen Einfallswinkel des eingespritzten
Wassers von im Wesentlichen 90 Grad bereitstellt.

4. Kavitationsmotor (100) nach Anspruch 1, wobei die
Aufprallfläche (102a) mit einem Winkel relativ zur
Horizontalen von etwa 10 Grad bis etwa 45 Grad
angeordnet ist und der Injektor Wasser mit einem
derartigen Winkel ausstößt, dass das eingespritzte
Wasser mit einem Winkel von etwa 90 Grad auf die
Aufprallfläche (102a) auftrifft.

5. Kavitationsmotor (100) nach Anspruch 1, wobei der
Fluidinjektor (12) das Wasser mit einem Druck von
etwa 137,90 MPa [20.000 Pfund pro Quadratzoll]
oder darüber einspritzt.

6. Kavitationsmotor (100) nach Anspruch 1, wobei die
Aufprallkammer (102) ein Volumen aufweist und ei-
ne Öffnung mit kleinem Durchmesser (102b) an ei-
ner Unterseite der Aufprallkammer (102) und eine
Expansionskammer (102c) unterhalb der Öffnung
mit kleinem Durchmesser (102b) umfasst, wobei die
Expansionskammer (102c) ein Volumen aufweist,
das kleiner ist als das Volumen der Aufprallkammer
(102),
wobei ein Durchmesser der Öffnung mit kleinem
Durchmesser (102b) kleiner ist als ein an den Flui-
dinjektor (12) angrenzender äußerster Durchmesser
der Aufprallkammer (102b).

Revendications

1. Moteur de cavitation (100) configuré pour produire
de la vapeur d’eau surchauffée à partir d’eau liquide
hyperbare injectée, le moteur comprenant :

une chambre d’impact (102) ayant une surface
d’impact (102a) ;
un élément chauffant (16) pour chauffer la sur-
face d’impact (102a) à une température d’au
moins 190,56 °C [375 degrés Fahrenheit] ; et
un injecteur de fluide (12) ayant une sortie (12a)
positionnée pour injecter de l’eau liquide hyper-
bare sur la surface d’impact (102a) de la cham-
bre d’impact (102) à des vitesses supersoniques
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telles que des bulles de cavitation sont présen-
tes dans l’eau injectée ;
dans lequel la sortie (12a) de l’injecteur de fluide
(12) et la surface d’impact (102a) sont situées
l’une par rapport à l’autre de sorte que la sortie
(12a) est espacée d’une distance de la surface
d’impact (102a) d’entre 3,81 et 11,43 mm [0,150
et 0,450 pouce] et l’eau injectée heurte la sur-
face d’impact (102a) à un angle entre 85 et 95
degrés, et
dans lequel un impact de l’eau injectée avec la
surface d’impact (102a) écrase les bulles de ca-
vitation dans l’eau injectée pour générer une
pression supérieure à 6,89 MPa [1 000 livres
par pouce carré] et produire de la vapeur d’eau
surchauffée.

2. Moteur de cavitation (100) selon la revendication 1,
dans lequel le fluide injecté est injecté à l’aide d’ori-
fices d’injecteur orientés à un tel angle par rapport
à la chambre d’impact (102) de façon à produire une
trajectoire quasiment perpendiculaire.

3. Moteur de cavitation (100) selon la revendication 1,
dans lequel la chambre d’impact (102) a une cour-
bure de type entonnoir s’ouvrant vers l’injecteur de
fluide (12) qui fournit un angle d’incidence de sensi-
blement 90 degrés d’eau injectée.

4. Moteur de cavitation (100) selon la revendication 1,
dans lequel la surface d’impact (102a) est disposée
à un angle par rapport à l’horizontale d’environ 10
degrés à environ 45 degrés, et l’injecteur éjecte de
l’eau à un angle tel que l’eau injectée heurte la sur-
face d’impact (102a) à un angle d’environ 90 degrés.

5. Moteur de cavitation (100) selon la revendication 1,
dans lequel l’injecteur de fluide (12) injecte de l’eau
à une pression d’environ 137,90 MPa [20 000 psi]
ou plus.

6. Moteur de cavitation (100) selon la revendication 1,
dans lequel la chambre d’impact (102) a un volume
et comporte une ouverture de petit diamètre (102b)
au niveau d’un fond de la chambre d’impact (102) et
une chambre d’expansion (102c) en dessous de
l’ouverture de petit diamètre (102b), la chambre d’ex-
pansion (102c) ayant un volume inférieur au volume
de la chambre d’impact (102),
dans lequel un diamètre de l’ouverture de petit dia-
mètre (102b) est plus petit qu’un diamètre le plus
extérieur de la chambre d’impact (102b) adjacente
à l’injecteur de fluide (12).
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