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REACTION BARREL WITH ROCKET NOZZLES IN
STAGGERED ALIGNMENT AND CONNECTING
DUCTS OF UNEQUAL LENGTH

This application is a division of application Ser. No.
07/748,513, filed Aug. 22, 1991, now U.S. Pat. No.
5,147,564.

TECHNICAL FIELD

This invention relates to a method and apparatus to
effect the recovery of otherwise wasted energy. More
particularly, this invention provides for the generation
of electrical power from the energy produced from the
combustion of oxidizable materials in water. Moreover,
this invention provides for the recovery of mechanical
energy from mixed gases and liquids from a wet oxida-
tion, products stream flow without prior separation of
the gases and liquids.

BACKGROUND ART

It is known that the wet combustion of organic mate-
rials in water will produce high pressure, heated water
with enough internal energy to justify the recovery of
mechanical energy. One such method of recovery in-
cludes the separation of steam from the other fluids of
the mixture, utilizing an expansion turbine to produce
the energy. However, the separation of steam from the
fluids mix results in most of the actual energy being left
in the high pressure and temperature water, and there-
fore not available for energy recovery. At room pres-
sures, less than seventeen percent of the heat energy is
in the fluid, and the rest is in the steam. At 2000 pounds
per square inch pressure, sixty percent of the heat en-
ergy is in the water and the rest is in the steam. If the
steam is separated at two thousand pounds pressure,
most of the heat stays with the water, and is denied to
the energy recovery from steam.

It has been found that the higher the pressure, the
poorer the efficiency of separation. At 3200 pounds
pressure, such as disclosed in U.S. Pat. No. 4,543,190,
virtually all of the energy is in the water, because at

. supercritical conditions, by definition, there is no phase
difference between steam and water. The problem this
creates is that for every gallon of water used for power

" recovery, another gallon of water has to be raised to the
operating pressure, and very little net energy, if any, is
recovered for use outside of the system.

The problem is further complicated in that a hundred
pounds of steam only yields the equivalent of ten to
twenty pounds of steam in the form of electrical energy.
This is due to the inherent inefficiency in the expansion
turbine wherein the majority of the energy is lost when
the spent steam is condensed and that heat of condensa-
tion is lost to the cooling tower.

Most energy recovery methods heretofore known in
the art have consisted primarily of the type employing
recirculation of hot water. There exists a need to re-
cover the internal energy from a mixture of high pres-
sure and high temperature water with the gases of com-
bustion, all in the heterogeneous mixture typical of the
wet oxidation process.

DISCLOSURE OF THE INVENTION

It is thus an object of the present invention to provide
a 'method and apparatus for the continuous recovery of
energy from a wet oxidation, products stream flow.
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It is another object of the present invention to en-
hance the efficiency of the extraction of thermal energy
from a steam, water and gas mix by improving the me-
chanics of spent steam condensation.

It is a further object of the present invention to simul-
taneously extract kinetic energy from water, vapor, and
gas.

It is yet another object of the present invention to
provide for the extraction of kinetic energy from heat
energy from the pressurized fluids mix of wet combus-
tion.

These and other objects of the present invention,
which will become apparent from the description to
foliow, are accomplished by the improvements herein-
after described and claimed.

In general, an energy recovery assembly for recover-
ing energy from a wet oxidation, products stream flow
includes a reaction barrel rotatably mounted about an
axle. The reaction barrel has at least one race and each
race has at least one rocket nozzle disposed thereon.
Conduits are provided to transfer the stream flow to the
rocket nozzles, such that the stream flow is expelled
through the rocket nozzles causing the reaction barrel
to rotate about the axle. '

The method of recovering energy from a wet oxida-
tion products stream flow includes the steps of directing
the stream flow to the reaction barrel. The stream flow
is channeled to each of the rocket nozzles in order to
cause the reaction barrel to rotate about the axle. Rota-
tional energy from the reaction barrel is imparted to a
generator whereby electrical energy is generated.

A preferred exemplary energy recovery assembly
incorporating the concepts of the present invention is
shown by way of example in the accompanying draw-
ings without attempting to show all the various forms
and modifications in which the invention might be em-
bodied, the invention being measured by the appended
claims and not by the details of the specification.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a schematic representation of a wet combus-
tion device illustrating its interrelation with a power
recovery assembly according to the present invention.

FIG. 2 is a sectional, side elevational and partially
broken away view of a power recovery reaction barrel
according to the present invention.

FIG. 3 is a sectional view taken substantially along
line 3—3 of FIG. 2.

FIG. 4 is a partially sectioned side elevational view of
the reaction barrel of FIG. 2.

FIG. 5 is a sectional view taken substantially along

~ line 5—5 of FIG. 4.
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FIG. 6 is a sectional view of a rocket nozzle device as
employed by the present invention.

PREFERRED EMBODIMENT FOR CARRYING
OUT THE INVENTION

A power recovery assembly according to the present
invention is schematically shown in FIG. 1 and gener-
ally indicated by the numeral 10. Assembly 10 is shown
in an exemplary environment, namely, as employed
with a gravity pressure reactor vessel generally indi-
cated by the numeral 11. As is known in the art, a grav-
ity pressure reactor vessel 11 may be employed to facili-
tate wet oxidation of various organic materials. Such a
vessel is disclosed in U.S. Pat. No. 4,792,408 to which
reference is made for a further understanding of one
possible environment for the subject invention. How-
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ever, assembly may be employed with any wet oxida-
tion, products stream flow.

In the environment of a gravity pressure reactor ves-
sel 11, a tank 12 receives a water, fuel or waste mix via
feed stream 13. A typical waste product feed stream 13
may consist of about one pound of organic material for
every ten pounds of water. The feed stream is usually
blended in tank 12 in order to equalize the organic con-
tent to the reactor vessel 11. The organic constituent
may vary from municipal sludge, hazardous waste, coal,
peat or any other such material. The exact nature of the
feed stream 13 is not critical to the present invention,
and indeed, wet oxidation reactor vessels may be em-
ployed with a variety of feed stream components.

An uptake draft or reactor feed stream 14 conveys
the water and fuel mix to the gravity pressure reactor
vessel 11, and oxygen or air is supplied via supply line
15 and pump 16. The water and fuel mix and the air or
oxygen supply are delivered to the bottom of the reac-
tor as at 17, where wet combustion of the fuel is ef-
fected. As is known in the art, wet combustion may be
accomplished at subcritical or supercritical conditions,
and both combustions are within the scope of the pres-
ent invention.

As described above, the feed stream components to
wet oxidation reactors will vary, often from moment-to-
moment. This is especially true when the reactor is
employed to oxidize waste products. Therefore, the
reactor products stream flow components, which are
carried to the top of the reactor through updraft column
20, will also vary. For example, typical gravity pressure
reactor vessels, such as reactor vessel Il, with air feed
may have a products stream flow which consists of
about two pounds of water for every pound of gas and
typically five parts nitrogen to each part of carbon
dioxide. For a pure oxygen feed system, it is often found
that there will be one pound of oxygen for each pound
of organics. Furthermore, outlet conditions may typi-
cally find pressures as high as 400 psi and temperatures
of 380° F., or higher. Again, all outlet components and
conditions may vary and still be useful with the present
invention.

The wet oxidation, products stream flow is preferably
filtered, as through filter 21, which may be employed to
separate particulate matter, gases or liquids. However,
it is preferred that all gases and liquids be passed
through filter 21 in order to recover as much energy as
possible from the stream flow. After passing through
filter 21, the filtered stream flow may be conveyed to a
control valve 22 which may be employed to regulate
the stream flow to the energy recovery assembly 10.

As shown in FIG. 4, energy recovery assembly 10
includes an enclosed chamber 30 as defined, for exam-
ple, by chamber walls 31. Chamber walls 31 support a
reaction barrel generally indicated by the numeral 32.
Reaction barrel 32 is rotatably mounted about an axis
such as defined by an axle 33. Axle 33 is supported by
chamber walls 31, and is preferably provided with a
water tight shaft seal 34. The products stream which is
carried by updraft column 20 preferably flows through
axle 33, which for that purpose is provided with a bore
35.

Reaction barrel 32 includes at least one, and prefera-
bly more than one, disk-like race 40 affixed to and oth-
erwise rotatable with axle 33. In the embodiment de-
picted in the drawings, reaction barrel 32 is shown as
including four races 402-40d. It is preferred that each
disk-like race 40a-40d be supported in juxtaposition
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with the adjacent race, and circumferentially about axle
33.

As shown in FIG. 3, each race such as race 40g, is
provided with a number of rocket nozzies 41 such as
rocket nozzles 41a-41h. Rocket nozzles 41 are evenly
spaced on the outer rim 42 of disk-like race 40a. As will
be further described hereinbelow, there is provided a
conduit network for transferring the reactor products
stream flow to the rocket nozzles 41. Water, flashing
steam and expanding gases are expelled through rocket
nozzles 41, which causes reaction barrel 32 to rotate
about the axis of axle 33. Reaction barrel 32 is prefera-
bly attached to a standard electrical generator 43 (FIG.
1) such as via, for example, a conventional attachment
coupling 44 (FIG. 2). Thus, rotation of reaction barrel
32 imparts rotational energy to the generator, causing
the generator to also rotate and generate electricity
thereby effecting energy recovery.

The reactor product stream flow travels via updraft
column 20 to bore 35 of axle 33. Bore 35 in turn commu-
nicates with a stream flow entrance port 50 in each race
40. Stream flow entrance port 50 communicates with an
entrance duct 51. As will be more fully appreciated
from the discussion to follow, races 40a-40d may be
provided with more than one entrance duct 51, and, in
fact, two such entrance ducts 51 are shown in FIG. 3.
Each duct 51 connects and communicates with a plural-
ity of nozzle ducts 52. The number of nozzle ducts 52
corresponds to the number of rocket nozzles 41 for each
race 40.

With reference to FIG. 3, a reactor products stream
flow which is channeled through bore 35, enters stream
flow entrance port 50. The stream flow travels along
each entrance duct 51, then along each nozzle duct 52,
and is then expelled through each rocket nozzle 41,
causing the rotation of reactor barrel 32 described here-
tnabove. Thus, each successive element of the conduit
network, i.e., bore 35, entrance duct 51 and nozzle duct
52, communicates with the next element. By “communi-
cate” it is understood to mean connecting such that
liquids, vapor, gases and the like, may pass from one to
the other. Wet oxidation product stream flows have
high pressure and temperature characteristics. Thus, the
stream flow is caused to travel wherever a communicat-
ing conduit is placed.

It is known that wet oxidation reactor, products
stream flows may include bubbles, which because of the
different flow velocities between gases and liquids, will
cause burst events in the flow. Therefore, in order to
compensate for these burst events, nozzle ducts 52 are
of varying length in relation to their proximity to en-
trance port 50. For example, as shown in FIG. 3, nozzle
duct 52a is shorter in length than nozzle duct 525,
which is itself shorter than 52¢ and so forth, to the lon-
gest nozzle duct 52d. Furthermore, nozzle duct 52z is
the same length as nozzle duct 52¢; nozzle duct 52b is
the same length as nozzle duct 52f nozzle duct 52c is the
same length as nozzle duct 52g; and, nozzle duct 52d is
the same length as nozzle duct 52h. Therefore, when a
burst event or normal high pressure steam/water/gas
flow event enters through entrance port 50, it is caused
to travel through entrance duct 51. A portion of the
event then enters nozzle ducts 524 and simultaneously,
nozzle duct 52k The remaining portions of the event
continue to travel along entrance duct 51, where an-
other portion of the event simultaneously enters nozzle
ducts 52¢ and 52g, and so forth, until the last portions of












