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1. Field of the Invention
This invention relates to consen)atively transforming carbonaceous matter into fuels

and petrochemicals for power and other purposes.

2. Descriotion of the Prio

There have been many attempts to improve the efficiency of power generation systems

“in order to reduce the fuel consumption/power generated ratio, and to reduce environmental

pollution from combustion products. Some of those attempts include gas turbine blade

cooling, combined cycle heat recovery, and the Humid Air Turbine (HAT) cycle. For

example, U.S. _Patent 4,829,763 discloses an intercooled, regenerative cycle with a saturator
that adds considerable moisture to the compressor discharge air so that the combustor inlet.
flow contains 20 to 40% water vapor. The water vapor adds to the turbine output while the
intercooling reduces the compressor work requirement which result in higher specific power.
The compressed air which is used for combustion of the fﬁel to drive the turbine is cooled
then hufnidiﬁed prior to combustipn in a2 multistage counter-current saturator with the
aforementioned water vapor. Low level heat is rejected from the compressed air during
intercooling and prior to humidiﬁcétion.' - The HAT cycle is an improvement in thermal
efficiency compared to the combined cycle, the steam injected cycle, the intercooled

regenerative cycle and other humidification based processes. The HAT cycle requires very
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high air pressures up to 30 atmosphereé and higher turbine inlet temperatures up to 2800 F to
improve overall plant thermal efficiencies.

Another system is considered to be an extension to the HAT cycle, and is called the
Integrated Gasification Humld Air Turbine (IGHAT) has been described by Day and Rao as a
method of coal gasiﬁcation.-b-ased power géneration thaf coﬁld provide high efficiency and low
emissions at least comparable to an integrated gasification combined cycle (IGCC) but without ‘
the penalty of high capital cost that is u;ually associated with IGCC systems. Much of the
cost savings from IGHAT comes from the fact that the HAT cycle can use low level heat from
gasification quench water in an efficient way via the saturator, whereas in an IGCC one must
recover as much heat as possible from the raw coal gas in the form of high temperature and
high pressure steam, using relﬁtively expensive waste heat boilers. Additional cost savings
occur because the cycle does not require a steam turbine condenser. Fuﬁher, the large
amount of water vapor mixed with combustion air is expected to reduce NOy emissions to
very low levels, assuming suitable combustion can be achievéd at reduced flame temperatures.

Harvey et al., describe a process for reducing combustion irreversibility through off-
gas rec_:ycling. The process has no bottoming cycle which is similar to a gas turbine with
intercooling, reheating and a regénerator. The regenerator functions as a reformer wherein
the fuel is cracked and partiy oxidized by heat from the recycled turbine off-gases. The off-

gases contain oxygen and thus are used as oxygen carriers. Before each turbine stage, air is

~ injected into the gas stream containing reformed fuel and recycled off-gases which are thereby

sequentially fired. The water vapor in the off-gases is partially liquefied in the series of
water-cooled condensers after each stage; intercooling is accomplished by injection of the
water. Analysis by Harvey, et. al. shows reforming for fuel conversion, but the gains

presented were limited by pinch point temperature in the reformer. Harvey, et al. plan further
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study of the effect of their proposed ‘arrangement on efficiency at turbine inlet temperatures
below 2300 F, which in the analysis is the appro:gimate high limit withdut turbine blade
cooling.

To control turbine inlet temperaturé _within act:eptable__metallurgical limits (now 2600-
2800 F) gas turbine designers have resorted to excess combﬁstion air, diluents such as. steam
as in HAT or simple steam injection, water injection or compressor intercooling.
Concurrently metallurgists are working to develop ceramic components or coatings which can
tolerate ever higher temperatures.. This invention achieves turbine inlet temperaturé control
by turbine exhaust recycle with consequential high system cycle efficiencies. Capital is
reduced by rocket engine reactor compactness and elimination of combined cycle equipment
and its related efficiency reducing system infrastructure. In dealing with the exhaust from
steam turbines, this invention utilizes much of the latent heat in the exhaust with consequent
reduction in the cooling water load otherwise required for condensing steam for boiler feed
water.

It is therefore an object of the present inventiqn to provide a method of generating
power from fuel with improved efﬁciency over prior methods, employing conventional turbine
inlet temperatures without diluent injection or intercooling. Another object is to provide
apparatus for generating power fr_om fuel in a more flexible, efficient and less polluting
manner than prior art methods, at reduced capital éost.

This invention can also be used as a pyrolyéis reaction system to carry out either
modcrate. temperature conventional pyrolysis or high temberaturé totél pyrolysis. U.S. patents:
by Raniere, et al. 4,724,272 and Hertzberg, et. al. 5,300,216 teach that heating and quench in
transonic flow must be accomplished af precise residence times with respect to shock type and

shock location. ‘Both hydrocarbon and steam are heated and passed through_ separate supersonic
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nozzles before pyrolysis. Hertzberg further teaches that, after quenching, the cracked gases may

be passed through a turbine for c;n:rgy recovery and further cooling.
With this invention combined fuel conversion transformations and pyrolysis are also
possible. US patents 4,136,015 and_ 4,134,824 by Kamm, et. al. teach a process for thermal
5 cracking of hydrocarbons and an integrated procelss for partial oxidation Iand ﬁxennal c'fécking of |
crude oil feed stocks. Hydrogen available from heavy oil partial oxidation promotes yield
selectivity. Moderate time-temperature cracking conditions are selected Which result in
substantial liquid product and tar yields which must be handleci with difficulty within their
process and in downstream processes. |
10 It is therefore an object of this invention to provide a method of pyrolyzing and
hydropyrolyzing carbonaceous matter either alone or in combination with fuel conversion
transformations at moderate or high temperatures and pressures, achieving near total feed stock
-conversion, in a near total energy conservation arrangement. Another objec.t_ of this invention to
provide apparatus for pyrolyzing and hydropyrolyzing carbonaceous matter either alone or in
combination with fuel conversion transformations at moderate or high temperatures and
pressures, achieving near total feed stock conversion, in a near total energy conservation

arrangement.

_ _
20 These objects, and others which will become app.arent from the following disclosure,
are achieved by the present invention which comprises in one aspect a process of producing

power comprising:
providing a turbine adapted to generate shaft work, said turbine having a combustor;

and a rocket engine having a nozzle and a compressor means:
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feeding fuel and oxidant to the rocket engine and the rocket engine compressor means;
feeding carbonaceous matter and Wéterl and/or steam to the rocket engine nozzle;
processing the output of the rocket engine nozzle into fuel for the turbine;
inuadﬁcing said fuel and oxidant for the turbine to the turbine combustor to produce
5 carbon dioxide and water combustion products; |
passing said combustion products through the turbine;
recycling a substantial portion _of the hot exhaust from the turbine to the rocket engine
CoOmpressor means; |
further recycling the hot exhaust from the rocket engine compressor means to the
10 rocket engine nozzle; optionaily into one or more secondary port downstream from said
nozzle; and optionalfy as a compressed flow for other useé.
controlling the inlet temperature to the turbine.
In another aspect, the invention comprises apparatus for generating power from fuel
comprising:
15 ' a turbine having a combustor;
a rocket engine having a nozzle and a compressor means;
means for adding carbonaceous matter and water arid/or steam to the rocket engine
nozzle;
means for feeding fuel and oxidant to the rocket engine and tb the rocket engine
20  compressor means; |
means for processing the output of the rocket engine nozzle into .fuel for the turbine
combustor;
means fqr introducing said fuel and oxidant for the turbine to the turbine combustor to

produce carbon dioxide and water combustion ‘products;
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t he :
means for recycling a substantial portion of the hot exhaust from the turbine to the

rocket engine compressor means;
means for further recycling the hot exhaust from the rocket engine compressor means-

to the rocket engine nozzle; optionally into one or more secondary ports downstreamn from

i

said nozzle; and optionélly asa éofnpressed flow for otﬁer uses; and
controlling the inlet temperature to the turbine;
Another aspect of the invention is an alternative process of producing power
comprising:
providing a steam turbine adapted to génerate shaft work; and a rocket engine having a
10 nozzle and a rocket engine compressor means;
fee’dihg fuel and oxidant to the rocket ehgine;
feeding carbonaceous matter and water and/or steam to the rocket engine nozzle;
processing tl';e output of tlhe_.rocket engine nozzle into fuel for a bdiler and fuel for a
second rocket engine;
15 boiling water in said boiler to produce water vapor;
using the resultant water vapor to power said steam turi)ir_xe;
quenching the turbine outle1:: steam with water; recyéling the cooled steam and water
mixture to the rocket engine nozzle; and

transforming the output of the second rocket engine into a fuel product.

. _
FIG. 1 is a diagram of a rocket engine power source comprised of a rocket engine, a

rocket engine compressor means, a conserved energy reactor and a distribution means.
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FIG. 2 is a diagram of a rocket engine power source flowing to an expansion turbine
whose exhauét is recompressed by a prime mover So_ that most of the compreésor discharge is
effectively recycled to a conserved energy reactor.

FIG. 3 is a diagram of a rockgt engine power source flowing to an expansion turbine

5  which ig part of an existing gas turbine with productive ﬁsé. of its connected compressor.

FIG. 4 is a diagram depicting the rocket engine power source flowing to three
expansion turbines in series interspersed with sépai'ate combustors with independent oxidant
supplies from the rocket engine compressof means.

FIG. 5 is a diagram depiéting a rocket engiﬂe power source in combination with a fuel

10 cell and a second conserved énergy reactor and an expansibn turbine to optimize the base load
and/or peakl load for power delivery.
FIG. 6 is a diagram depicting a rockgt engine power source integrated with a boiler
and using two stage fuel transformations.
.FIG. 7 is a diagram depicting a rocket engine power soufce and a boiler with a hot gas
15 flow extension to further improve system efficiency.
FIG. 8 is a diagram depicting two rocket engine power sources in a combined process
for pyrolysis and fuel 'transfo'nnati.on to produce ethylene and synthesis gas.
FIG. 9 is a diagram depicting the partition and disttibution of the power turbine
recompressed exhaust gaseé to optimize heat utilizaﬁon within the system.
20 FIG. 10 is a diagram depicting a near total energy conversion arrangement for

producing ethylene and other chemicals.

DETAILED DESCRIPTION OF THE INVENTION
—AND THE PREFERRED EMBODIMENTS

The process of producing power comprises:
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providing a turbine adapted to generate shaft work, said turbine having a combustor;
and a rocket engine having a nozzle and a compressor means;

‘feeding fuel and oxidant to the rocket engine;

feeding carbonaceous matter and water and/or steam to the rocket engine nozzle;

prbcessing thé oufp_ut bf the rocket engine into fuel for the turbine combustor;

introducing said fuel for the turbine to the turbine combustor;

passing combustion products through a turbine; and

recycling a substantial part of the hot exhaust from the turbine to the rocket engine-
compressor means:

further recycling of the exhaust -frbm the rocket engine compressor means to the rocket
engine nozzle; optionally one or more éeéondary ‘ports downstfeam from said nozzle; and
optionally a comi)ressed flow for other uses; and

controlling th;: inlet temperature to the turbine.

Suitable gas turbines adapted to generate shaft work include standard and advanced
commonly available gas —turbines manufactured by GE, ABB, Solar, Siemens and others.

Suitable gas turbine combustors include combustors provided with the gas turbines or
those specially designed for high steém' operation.

Suitable rocket engiﬁes include jet engines manufactured by GE, Pratt & Whitney,
Rolls Royce and others; and burners made by T—Thermal John Zink and others; and jet and
rocket engines made by manufacturers of propulsxon systems for magnetohydrodynamxc
generators up to 5000 F stagnauon temperatures such as TRW.

‘Suitable nozzles for rocket éngines include deLaval type coritr_ééting/expanding

nozzles.
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| Suitable fuels for the rocket engine include methane, natural gas and petroleum
distiilates. | |

Suitable oxidants for the rocket engine reactor include air and oxygen.

S__ujt_able processing the output of the rockg_t engine .nozzle into fuel for the turbine
combﬁstor includes one or more néar-adiabatic tunnels and noizi;s sized to generate o‘ne‘or
more shock waves and produce jet propu'lsions .to boost flow energy.

Suitable temperatures for introducing fuel for the furbine to the turbing combustor so
that turbine inlet temperature is contfolle_d within existing materials limitations, i.e., up tb
2800 F for new gas turbines. |

| Suifable means for recycling- hot exhaust from the mrbine to the rocket engine
compressor include.gas tﬁrbines, turbochargers, diesel enginés and other internal combustion
engines.

Preferably the output from said rocket engine nozzle énd said récycled hot exhaust gas
from said turbine are transformed in a near-adiabatic atmosphere into_ said fuel for said
turbine. By near-adiabatic atmosphere is meant that heat cbntent of fuel gas, oxidant,
carbonaceous matter and water being fed are preserved except for unavoidable radiation or
other losses to the environment.

In certain embodiments, carbonaceous matter is introduced into said output of said

rocket engine reactor downstream of said nozzle at velocities sufficient to transform said

carbonaceous matter into said fuel for said turbine. Suitable velocities for such transformation
include sub-sonic and supersonic flow up to Mach 2 and higher to complete reactions and

deliver flow at turbine inlet pressure.
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The carbonaceous matter is preferably methane, but can alternatively be natural gas
and its components, petroleum coke, residua or dist-illates, bioinass, coal; char or' other
chemicals suitable for pyrolysis or combustion. Preferably sgid fuel is also methane.

In some embodiments a portion of said hydrogen is diverted to one or more
downstream uses, for examplelfuel cells, iron oxide reductioﬁ reactors, or chemical processes
such as petroleum distillate hydrodesulfurization, hydrogenation of unsaturated hydrocarbons,
ammonia and alcohol production, etc. In some embodiments, a portion of said hydrogen or

other fuel is recycled by suitable means to fire rocket engine and downstream jet propulsions.

When the transformation occurs in a group of transformation reactors it is preferred

-that the pressure in said output of said rocket engine compression means conforms by suitable

means with the pressure in each transformgtion reactor.

In certain embodiments a portion of said hot exhaust from said turbine combustor is |
compressed in an intermediate compressor and recycled directly to a short circuit distribution
means and delivered as heat and mass additions at least matching or boosting pressure, jet-
like, at suitable junctures augmenting said hot exhaust.

Generally, the output of said rocket enginé nozzie exits from said nozzle at transonic
speeds. By transonic speéds is meant near sonic and supersonic up to Mach 2 and higher,
suitable to the process reactions and maintenance of designed flow energy level.

When reaction severity ﬁr selectivity in the transformation reactor or series of reactors
needs to be increased or when more mild operations conditions are desired, catalyst for said
transformation is introduced into said output bf sai& rocket engine nozzle. Suitable catalysts
include manganese oxide and zinc titanate.

The shaft work of the turbine can be for electrical generation only, or can also include

work to operate one Or more COMPressors or pumps.

-10--
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One or more turbines, one or more combustors, and one or more electncal generation
means are possible.

In certain embodiments, supplemental or interstage oxidant is added to said turbine
combustor(s). The oxidant can be introduced m said turbine combustor(s) to effectively
control turbine inlet texﬁperature. Suitable temperatures for turbiné blades and components
are about 1700 F for older gas turbines up to about 2800 F for current state of the art designs.

Turbine inlet . temperature can be increaéed consistent with improvements in materials
technology for higher temperature and higher efficiency operations.

Generally one product of said transformation is hydrogen. Other products can be
carbon dioxide, carbon monoxide, aqd water vapor, for example.

Another embodiment of the inventfon is a process of producing power comprising:
providing a steam turbine adapted to generate shaft work; and a rocket engine having a nozzle
and a compress'or' means; |

feeding carbonaceous matter and steam to the rocket engine nozzles;

feeding fuel and oxidant to the rocket engine;

processing the output of tt;e rocket engine nozzle into fuel for a boiler and fuel for a
second rocket engine;

boiling water in said boiler to produce water vapor;

using the resultant water vapor to power said steam turbine;

quenching the turbine outlef steam with water; and recycling the cooled steam and
water mixture to the rocket. engine nozzle; and

ti’énsforming ﬁxe oﬁtput of the second rocket engine into a fuel product. The fuel

product generally comprises hydrogen.

-11-
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In some embodiments clean water is introduced into said transformation reactor or
group of transformation reactors, thereby reacting in said reactor or reactors with said output
of said rocket engine. Preferably, the clean water is introduced in an approximately equal or

greater weight ratio with the steam turbine exhaust.

-

Preferred embodiments of this aspect of the invention include providing a heat

exchanger; a third rocket engine having a nozzle; a gas turbine having a combustor; feeding

fuel and oxidant to said third rocket engine; direcfing the output of said third rocket engine
nozzle into said heat exchanger so as to cool said output and to super—superhe_at steam from
said boiler; and transferring the resultant super-superheated steaﬁ to said steam turbine.

_One suitable apparatus for generating power from fuel according to the inventien
comprises: a gas turbine ﬁaving a combustor; a rocket engine reactor having a nozzle and a
compressor; means for feeding fuel and oxidant to the rocket engine;

means for processing the output of the rocket engine reactor into fuel for the turbine
combustor; means for introduc'ing said fuel for the turbine to the turbine combustor;

means for recycling hot exhaust from the turbine to the rocket engine compressor
means; o

means for further recycling the exhaust from the rocket engine compressor means to
the rocket engine nozzle; optionalfy the secbndary ports downstream from éaid nozzle; and
optionally as a compressed flow for other uses; and for controlling the inlet_ temperature to the
gas turbine.

The high pressure high- témberamfe gas turbines being déveloped may, with ébst
effective revisions, may be retrofitted according to this invention to increase their thermal
efficiencies. Perhaps the greatest retrofit gains Qill redound to the many heavy-duty, low

efficiency, stationary gas turbines already installed and operating in a lower temperature
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range. yApart from the heat recovery via conserved recycle recompression, the implementation
of the independently powered compressor can completgly eliminate the work of compression
from the output power expansion turbine, thereby increasing its output net .work and
mechanical efficiency. This same gain is accordingly__ obtained with a new install;tion.

This invention achieves turbine inlet temperamre control by turbine exhaust recycle
with consequential high system cycle efficiencies. Capital is reduced by rocket engine reactor
compactness and elimination of combined cyclé equipment and its related efficiency reducing
system infrastructure. Nitrogen oxides nbrmally' associated with hydrogen production by
steam reforming are reduced due to high steam, low air 'or nitrogen free reaction conditions
and increased thermal cycle efficiency.

As nientioned,' the inveﬁtion coﬁprises recycling a substantial part of the exhaust gases
from an expansion power turbine; augmenting them with fuel additions and the combustion
products of said fuel additions for compressing them; recompressing them in an independent
heat conserving, staged jet compression process and r_etuming them to the expansion power
turbine; reacting said gases in a topping compression stage with a rocket engine-driven water-

gés shift hydrocarbon transforming and/or water gas shift reactor (hereinafter referred to as

~ the conserved energy reactor), for added thermochemical conversion resulting in recyclable

fuel and extra fuel for other purpdses ohtside the expansion power cycle; and; modulating
turbine inlet' temperature by controlled recycling of augmented turbine exhaust flows. The
pi'esent invention extends ihe art by improving efficiency, reducing gasification capital and
minimizing environmental pollutibn; and adds capabilities beyond the state of the art by

carrying out the shift and other transforming reactions in another conserved energy reactor.

-13-
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Shift reaction converts carbon monoxide to carbon dioxide and additional hydrogen.

Sequential conserved energy reactor designs Qill further reduce capital and improve process
plant and power generation economics.
| Referring now to the drawings, FIG. 1 show carbonaceous rﬁauer 100 and water 99 as
5  feeds to the secondary ports of rocket enginé nozzle 120. A focket engine 102 is fueled
through line 101, preferably methane. The oxidant, preferably air, is delivered to rocket
engine 102 at top pressure via line 103 from the oxidant source. Oxidant is §ptionally
branched on line 104.to gas turbine combustor 105. Combustor 105 is also fired with fuel
106l to control the turbine inlet turbine inlet temperature in combination with water 107.

10 | | Hot exhaust gases from combﬁétor 105 expax‘id through gas turbine 108. The exhaust
frorh the turbine in line 109 can be directed és 110 into any one or more of sécondary ports to
downstream nozzles via related lines 111, 112 and 113; or a portion or all of it as 114 can be
branched off to join and become recoverablé heat fluids carried in line 115. As an alternate to
the flow in 114, the flow 116 into compressbr 117 delivers tﬁe flow as 118 at system pressure

15  to accommodate heat and mass balance for the cycle. A further branch 119 can be directed to
the secondary port of nozzle 120. Transforming reactors 121, 122 and 123 respectively
represent water-gas, shift, and extended residence time zones where transformation of rocket
engine exhaust occurs. These zones can be programmed optionally as sequential transonic
shock zones or éimply as two or more residence time zones. Down-stream thrusts can be

20  programmed by after-jet combustion by introducing oxidant through lines 124, 125 and 126 to
fire with unreacted carbonaceous matter. |

Un-utilized lines among 111, 112, 113, 124, 125 and 126 can be programmed to
introduce other reactive matter. The extent of the uses depends on the reactivity of the

compounds present. A clean reactant for conversion, methane for example, into an auxiliary

-14-
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port of nozzle 120 may require no more than two reaction zones. A pre-cleaned coal or
petroleum coke could require an additional zone. Solid feed stocks additionally require the
separation of particulates from the flow which would take place in particle separatoi' 127.
Another use for separator 127 can be to recover parﬁc_lgs secondarily‘ g_t_xtraig_ed for any one of |

the following functions by discharging:

1. Catalyst Particles;
2. Getter Minerals for alkali metal capture in biomass processes;
3. Sulfur Capturing Seeds like manganese oxide or zinc titanate for coal, coke and

residual oils;

4, Iron Particles for Steam Iron Reactions to produce sponge iron, produce
hydrogen for fuel cells and other uses, and to recycle-reduce iron oxides;

S. Other Metal Particles like tin and zinc for thermochemical reactidns; and

6. - Neutral Particles for heat transfer to lighter faster flowing particles, gases and
vapors.

Any one or more of the above can be introduced by entrainment in a fluid that is
chemically .compatible to the process. S.ome processes may require at least one more
separator 127 which may be in a cascade series manifolded so that the product gas flows
totally into nozzle 128 which can serve .as a back pressure for the following process uses
natural gas, cleaned or pre-cleaned carbonaceouslmatter is converted for direct combustion for
turbine expansion, or an integratgd fuel cell/tﬁrbine process. One capability of the rocket
engine driven reactor train is td produce a fuel gas to'be used directly‘in combustion, as in
later embodiments. Another capability of the rocket engine driven reactor train is to force the
reactions to completion towards th_e lowest react.ion ¢nd temperature by programmed, metered

and controlled reactant feeds. This is useful when maximum hydrogen production is desired

-15-
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for subsequent chemical use. Most conversion reactors in practice quench the reaction to

preserve its final chemical composition. By contrast, when appropriate this invention fires the

product gas at the end of the reaction for the stoichiometrically prescribed reaction end

temperature which ends at station 129 of the conserved energy reactor distribution means.

On the other hand, when the reaction end tc_:mperamre .does not conform to still
lower temperatures required by downstream proéessing, then the reaction must be quenchcd..
Conversely, a process such as pyrolysis can require quenching to interrupt a reaction sequence
and freeze desired intermediatg chemical species. Examples would include cracking of
methane to produce acetylene and ethylene; cracking of ethane to produce ethylene; and
cracking of propane, butane and petroleum distillates to co-produce hydrogen, ethylene,
propylene. butylene, butadiene and other diolefins, and aromatic cdmbounds.

When oxygen is the oxidant of choice and i;s source is available over the fence at
pressure for the process, the need for a separate oxygen compressor means is eliminated.
Otherwise a compressor means can serve to boost the pressure of the oxygen.

Line 130 shown branching off oxidant éource is to provide oxygen or air to any one or
more of the secondary ports to nozzle stations 120, 131, 132 and 128 for incréasing the thrust
in the flow by after—jt;:t combustion. Aﬁ ignition source is provided when the flow on contact
is below the auto-ignition or reaction température. Ignition lines are not shown but are simjlar
to line 133. The fu_nctiqn of after jet combustion is to boost entrainment, create shock, and/or
make up for friction head loss to maintain pressure at station 129.

Compr_essér 134 is shown powered | by combﬁstor 105 and turbine 108. However
compressor 134 can be powered by any prime mover, a diesel engine for example, providing
preferably that its fuel composition is chemically compatible with flow in the conserved

energy reactor; otherwise the exhaust must be exported for recovery uses.

-16-
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Standard equilibrium plots are used as guidelines for starting and running the
conversion process so as to avoid the formation of solid carbon or coke.
This process has the capability for making extra products, for example, synthesis gases

for ammonia or - alcohols, pyrolysis cracked gases for ethylepe an_d petrochemicals can be

h

produced.
Tyoical Baseline Reactions for the C ved E R
The following are the main equations which relate selectively to any embodiment incorporating

the conserved energy reactor described with respect to figure 1. The basic equations are as

follows:

10
Equation(1) C+H,0 —= CO+H, AH = +28 kcal Water Gas
Equation (2) CO+H,+H,0 == CO,+2H, AH = -9.8 kcal Shift
Equation (3) CH,+H,0 —= CO+3H, AH = +49.3 kcal

15

Equation (4) CH,+2H,0 — CO,+4H, AH =+39.5 kcal
Figure .1 also shows how additional ﬁJel.can be produced in addition to increasing the efficiency
of the power cycle. It shows the reactor discharging 3H, + N, as synthesis gases for the

20  ammonia process and additional fuel as H, + 0.333N, which can be used for more steam or

towards fueling the rocket engine for export within the plant.

The following two equations illustrate the basic autothermal reactions taking place in the

reactor to produce these gases

25 .
Equation (4) CH,+2H,0 = CO, +4H, . AH=+39.5 kcal; and
Equation (5) |
0.176CH, + 2H,0 + 0.3530, + 1.333N, —> 0.176CO, + 0.353H,0 + 1.333N,
" AH =-33.6 kcal

17-



for both the subscriber and the service conpany.
SUMVARY OF THE | NVENTI ON

to
N

n

WO 98/30518 PCT/US97/23946

The sum of the reactions (4) and (5) yield the following:

4H, + 1.333N, Ammonia synthesis gases

1.176CO, + 1.333N, Surplus fuel for increased stem flow and/or reactor recycle;
or plant export

1.176CO, + 1.333N,, Also for plant export

This is another special feature of this process i.e. the provision for making extra products.
The synthesis gases for ammonia can also be produced in later embodiments emplosring gas
turbines. The water gas shift equations (1) through (4) may be applied to all the embodiments of
this invention depending on the carbonaceous matter to be converted. Methane. or natural gas
relate to equations (3) and (4) whereas coal, petroléum coke and biomass and residual oils can be
processed via the water gas shift equations (1) through (2). The water gas reaction yields

H, + CO generally from the first reactor and shown as lines 141 and 142 depending on the.

ultimate use as process fuel gas or synthesis gas. The significance of equilibrium in this

invention is explained with respect to Equation 4 for example which produces four moles of
hydrogen and one mole of carbon dioxide. For practical purposes a nearly straight line
relationship holds in the positive log;, K scale from five to zero corresponding to temperatures
respectively from 1600 K to 880 K (Wagman, et. al.), or 2400 F to 1100 F approximately.
Higher temperatures of course also faQor equilibfium. (Equilibrium constants by Wagman. et.
al)

In order to understand the particular significance of equilibrium with this invention is to

conceptualize a very high temperature jet, say 4000 F, rich in steam progressively completing

equilibrium particle by particle of interacting carbonaceous matter as they travel down the

progressively decreasing log,K function and correspohding temperatures down to 1100 F and
lower because it is possible with pressure to do so to a minor extent in the negative log;(K range.
Driving to low temperature is beneficial if the fuel gas must be desulfurized. It also is

sometimes useful in this case to separate the carbon dioxide from the hydrogen as shown with
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It is.,an object of the present invention to provide a nethod which is able
to return a radio pager to a normal use in the event that the pager

assunes a wherein all the pager ID codes assigned are
render ed |§’gperaﬁi\§/e ﬁ@'ﬁ{]ﬁ&ﬁnms

lines 143 and 144. A further advantage when driving a stoichiometrically specified reaction to
completion at a low temperature is that less carbonéceous matter or fuel and less. oxygen is
required for the endothermic heat which results in less carbon dioxide in the off-gases.
On the other hand, ifa pre—cleaned coal is the reactant, it ca.r; be useful to drive the
5 reaction to a higher end temperature for use in turbine combustor 129, whereby the reaction is
set by firing thrbugh line 133. However, a pre-cleaned cpal generated fuel gas must have its fly |
ash removed in separator 127 through line 145 Before being fired in combustor 129.
Flexibility for Pyrolysi
This invention can also be used as a pyrolysis reaction “system as shown in FIG. 1 to
10 carry out either moderaté tempergture conventional pyrolysis or high temperature total
byrolysis. At moderate teﬁperamres éthane, proﬁane, butane and pctroleurh distillates may be
cracked fo produce ethylene and ace_tylcne and other olefins and diolefins such as propylene,
butylene, butadiene and aromatic hydrocarbon liquids. At high temperatures, methane may be
cracked to produce mainly hydrogen, ethylene, and acetylene. Cracking non-methane
hydrocarbons at. high teniperatures yiel_ds virtually total conversion to yield a product
distribution largely free of the normally produced cyclic compounds, aromatics and heavy
aromatic oils and tars. |
U.S. patents by Raniere, ei al, 4,724,272 and Hertzberg, et al. 5,300,216 teach that
heating and quench in transonic flow must be accomplished at precise residence times with
20  respect to shock type and shock location. Tho;e skilled in the art know that rapid quench to a
temperature about 1100-1300 F is important to preserve yields of desired products and
minimize coke formation.
The rocket engine 102 and nozzle section 120 of this invention coupled to reactors

121, 122 and 123 previously described represent a facility having flexible reactor length,
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Therefore, the invention discloses a nethod of rewiting nessage receive

contr ol

I nformati on whi ch has been stored in a radio pager, a plurality of

pi eces of_said _nessage receive control information being respectivel
assi gned VO ¥IFW al ity of pager PCIUSo 289467

10

capability for creating different shock characteristics along the reaction path and for quenching
through ports 111, 112, 125 and 126 at different reaction timé-tempefature cracking
severities. Many degrees of freedom are available sinqe any one or more of said locations and
including nozzle se;:.tion 120 ahead of the selected quench locations can optionally be used fgr
transonic mass ihputs and heat additions to the main flow. Que;nching can bé total or pértiai
and direct or indirect or a combination. Direct quench media may be water, steam,
hydrocarbons and inert gases. Indirect quench is accomplished in a heat exchanger (not
shown) at or near location 127 instead of the separator shown. The quenched cracked
products are discharged through nozzle section 28 and distributed via line 146 to be furthef

processed by suitable means.

U.S. patents 4,136,015 and 4,134,824 by Kamm, et. _al. ;each a process for thermal
cracking of hydrocarbons and an integrated process for partial oxidation and thermal cracking
of crude oil feed stocks. Moderate time-temperature cracking conditions are selected which
result in substantial liquid product and tar yields which must be bandled with difficulty within
their process and in downstream processes.

With this invention, combined fuel conversion transformations and pyrolysis are also
possible. High temperature operation is preferred so that complete breakdown and conversion
of normally liquid or solid cracked hydrocarbon products is achieved. In combined mode
synthesis gasses are first produced in one or more conserved energy reactors as previously
described. Then, in a downstream conserved energy reactor, pyrolysis reactants are
introduced to the high steam and high hydrogen synthesis gases flowing from. the first
conserved energy reactor and total pyrolysis. is carried out as previously described. The

presence of hydfogen in relatively large quantities during pyrolysis adds to yield selectivity
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| D codes previously allocated to said radio pager and indicating if a
message directed to the corresponding pager ID code is acceptable, said
net hod cogypy bsiigags t he steps of: (a) recei vi ng, al;[ said radi o

pager,

10

a pager address code which is followed
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towards desired products. The presence of steam in relatively large quantities during
pyrolysis reduces tendency for soot or éoke formation. |

To further enhance reactivity, further accelerate heating rates. and further improve
selectivity _towards des_ired cracked _. product; suppl_emental oxidant may be added through._
available secoﬁdary nozzle ports.- In combined fuel transformation - pyrolysis mode difecf
water quenching is preferred since the steam thus produced in situ is useful in geherating

wrbine power. Cracked products are passed through a turbine for further cooling by

- isentropic extraction of work and flow to other conventional separation processes. Either high

temperature or moderate temperamré pyrolysis can be practiced depending upon feed stock,
desired end products and economic factors. Direct or indirect or combination reaction
quenching can be practiced depending upon feed stock, desired end products and economic
factors. |

~ Figure. 8 is a diagram of a pyrolysis and fuel transformation process for ethylene and

synthesis gases. The process to be described is representative in general of producing other

 hydrocarbons. Methane is fed through compressor 134 and is distributed to suit a high pressure

in line 800 into combustor 102. line 801, nozzle section 120 and line 802 as an option for after
jet combustion. A fraction of the methane is fired with oxygen is combustor 102 for the
endothermic requirement of the ensuing transformation reaction in the form of

Equation (1) CH,+H,0 - CO+3H, AH = + 49.3 kcal

The remaining methane in combustor 102 serves to augment the mass of the jet. The

‘synthesis gases produced in the conserved energy reactor is distributed to suit three different

purposes:
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w th each of said pager ID codes even if all of said pager |ID codes are
i noperative;
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1. A fraction is recycled to fuel combustor 105 of the rocket engine compressor
means. The resulting exhaust from turbine 108 is recompressed by compressor ll 17 and is
distributed along the reactor as shown;

2. A fraction is synthe_sis gas product; and

5 3. Thé remaining'ﬁai:tion is fed under Ipressure toa second stage rocket engine
combustor and fired with oxygen to form the pyrolysis jet in the form and range of
CO+2H,0 TO CO,+3H,0
to crack ethane for the production of .et_hylene as previously described.
As previously described. the combustor of the rocket engine ¢an operate at stagnation
10 temperatures up to 5000 F and relatively unlimited stagnation pressures. The conserved energy
reactor flexibility for shock location and down streém supplemental shocks were also described.
As another note, methane, carbonaceous matter such as coal and residual oil may be processed
Which then produce syngas in the form and range of
CO+H, TO CO,+ 2H2
15 Finally, quenching to 1300 - 1000 F is required with water, steam, a hydrocérbon
or inert gas at the point of optimum cracking severity in order to freeze the desired intermediate
reaction products. Any fly ash is removed in the separator ét location 127.

Many other transformation reactions according to the invention take place at near sonic

and supersonic conditions with high relative slip vellocities between reactants which break into
20  shock zones with ensuing subsonic flows. Intense reactivity is obtainable thereby with
primary jet temperatures up to SOQO F (practiced in magﬁetohydrodynamic flows) and

~ unlimited high pressures for practical purposés.

Turning now to préssure, increased pressure is known to favor many chemical

reactions. As noted earlier, low pressures are suitable for biomass gasification. It is also well -
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(c) - .entering into a message transmission waiting state if the pager

addr ess

(d) che(“b'br}gbmsdeterm ne if control codes are present within

message

10

code does not coincide with any of said pager |ID codes;
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known that bic_:;mass is mu¢h easier to gasify than coal with reactions occurring at lower.
temperatures and near at_moﬁp'ﬂeric pressure. Coal is optimally processed at higher pressures.

This invention incorporates smtable alternatives fér varying reactor pressure for
conversion and at _the same ;ime conserves the roqk-et engine power source energy for
convefsion by the fec&cle functit;n. |

The distribution of pressure is as previously described with respect to FIG. 1 whereby
the flow of recoverable heat fluids from compressor 134 is branched off to line 136 to supply
combustor 105. The remaining flow is divided iﬂto a brapch line 137 supplying rocket engine
combustor 102 and branch line 138 to supply any' one or more auxiliary ports down stream of
power nozzle jet 120.

Flows in 137 and 138 are not necessarily fixed. Increasing the flow in 137 causes a
corresponding decrease in 138. -Being able to control this interchange allows more or less
temperature in combustor 102 for whoie or partial oxidation which can have the opposite
effect from oxidant flow through branch 138, and this can be offset with more or less
carbonaceous feed and water through lines 100 and 99.

A similar branching interchange is effected from exhaust line 109 from turbine 108.
This was previpusly explained as a routine routing. This interchange significance reported
here relates to recovery of exhaust heat and mass.’ In "felatively low pressure operations all or
most of the flow through line 109 can continue through line 110 and be distributed selectively
along and down stream into the r;actor. For process reasons or for a stronger entrainment
effect the same flow can be redirééted through line 119 where the combustion jet has the most
éntraining effect, which effect can be -further amplified by .increasing the temperawmre in.

combustor 102.
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| The need. for directing the exhaust flow through line 116 to be mechanicaily
compressed with the oxidant flow in line 139 through compressor 134 is less ‘here because of
the low pressure characteristic of the process. However, similar functions occur in later

expansion turbine embodiments which operate as high as 30 atmospheres at station 129.

Station 129 then serves as the high préssure high temperature combustor of the turbine. In

.that event recoverable heat fluids line 115 are replaced by a larg¢ portion of the exhaust which

is recompressed along with the flow in line 116. Then the recoverable heat fluids supply to
all combustors is from another source to be later described for the respective embodiments.
In every case, however, power developed by the rocket engine and its cOméressor means must
maintéin in steady state recycle flow of consistent chemical composition in a near-adiabatic
cycle while conserving a substantial portion of the exhaust energy for more efficiently
powering an expansion turbine means which delivers mechanical power or electricity.

In this event to recover a substantial portion of the exhaust heat and mass, the
flexibility afforded by the above described branching interchange options from line 109 will
serve to optimize the recycle system to deliver a constant and con_sistent_ mass flow to
combustor 129, here powering the expansion turbine means. Most of the heat returning
through the system will convert carbonaceous matter to fuel gas for the combustor at stat_ion
129. Any additional sensible heat in the flow to station 129 is conserved to flow through the
gas turbine 140. To prevent buildup in recycle, the necessary export carbon dioxide, nitrogen
ahd minimal water vapor will serve to preheat fuel, recoverable heat fluids and other plant
uses. These will be further described in their respective embodiments.

The invention can comprise expansion turbines; turbines with parasitic shaft work, and

multiple turbine arrangements.
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In FIG. 2 combustor 129 for the expansion turbine means 200 delivering power to
generator 201. Any mechanically transmined power load can be used. The tx;rbine means can
be a single turbine, a straight multi-stage turbine, or a multi-stage turbine with interstage
heating. Preferably, the source of temperature and pressure whi;h developed in combustor
129 is the rocket engine power si)-urce previously describe'd' with respect to FIG. 1. The
rocket engine power source also includes the conserved energy reactor or transformer. Ité
function is not only to transform carbonaceous matter introduced through line 124 into a
usable product fuel gas into combustor 129 but to convert all or most of the power expended
in compressing and héating in the ';ocket engine compressor means, rocket engine and
conserved energy reactor together into produ;t fuel gas (and its sensible heat) flowing into
combustor 129. |

The encompassing function of this emquiment is to recycle a substantial portion of the

exhaust part from the last turbine of said expansion means, except what must be exported

from the cycle (at least for direct heat and mass transfer) to prevent build-up in the process.

Accordingly, the exhaust 202 branches off at 203 and continues on as 204 after being
increased in pressure through compressor 205, for interstage heating in turbine means 200.
Compressor 205 to 'be powered by turbine 108 can be independently speed controlled by a
suitable means.

It is essential that.the mass and _chemistry of the greater or overall cycle_ remain at
steady state; so export mass 206 must be replﬁced by an équivalent mass with a conforming
aggregate chemistry for continuity. For example, if C}i.{ is the fuel of choice, reaction in

combustor 129 is organized as follows:

Equation ( 1) CH, + 2 Air + xrecycle s=* CO, + 2H,0 + 7.5N, + xRecycle
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where Recycle = CO, + 2H,0 + 7.5N2 and where x is higher the lower the design turbine
inlet temperature, whereby x (CO, + 2H,0 + 7.5N,) can substitute for any excess air firing
in common practice. Equation (1) is rewritten as follows when oxygen is the preferred
oxidant:

Equation (2) "CH, + 2 Oxygen + x-.Récycle — CO, + 2H,0 + xRecycle

where Recycle = CO, + 2H,0 whereby x (CO, + 2H,0) is the substitute for the excess
air. The x term can be any number or mixed number. The flow exported at 206 must egual
CO, + 2H,0 but can be- fractionally larger for cycle balance as long as its equivalent
chemical aggregate reenters the cycle for mass flow continuity.

Returning now to compressor 134 whereby the fuels for rocket engine 102 and
combustor 105 ;ctre methane fractions of the design heat value, considered to be the sum of
heats arriving at combustor 129 including any after-jet combustion additions. ~Compressor
134 réceives and discharges flow 207 which is branched into 208, 209 and 210. Line 208
goes into combustor 105 and its main function by proportion is to govern the inlet temperature
of combustor flow 209 into turbine 108 over suitable range for recycle balance whereby the
fracti;)n of flow 210 becoming 211 is optional on balance from zero flow to a maximum equal
to that of 210. It follows then when 210 is something greater than zero on balance, it is held
on zero for start-up. The compatibility of the rocket engine, or in combination with
downstream after-jet corhb_ustion propulsions depends on the difference between the top
pressure in combustor 102 and the design pressure for combustor 129. Combust_ors 102 and

129 make up more than just marginally the following head losses: -

1. Rocket Engine Nozzle
2. Friction
3. Propulsion Entrainment

-26-



BRI EF DESCRI PTI ON OF THE DRAW NGS - The features and advantages of the

present invention will becone nore clearly appreciated fromthe foll ow ng
WO 98/30518 : ' - PCT/US97/23946
4, Rocket Engine Compressor Means Exhaust Distribution

I5

"In effect these losées convert to heat in situ between combustors 102 and 129 and
thereby convert to useful fuel endothermically with some rise in sensible heat in the products
flowing to combustor 129.

At least in the foreseeable future, advanced gas ﬁxrbines are deéigned for temperatures
up to 2800 F with blade cooling and combustor pressure up to 30 atmospheres. This
invention has no practical high limit for the stagnation pressure in combustor 102, even if
advanced gas turbines are planned for much higher pressures than 30 atmospheres, or higher
pressure process hydrogen uses are available. |

In view of these boundary conditions the stagnation pressure difference between
combustors 102 and 129 must élso be re&nciled with the endothermic heat requirement for
the transformation and the- sensible heat content or the product fuel gas and the
aerothermochemical propulsion design. This heat utilization must primarily take into account
that portion of the exhaust heat from the turbine and the heat of compression that delivers it to
the rocket engine - conserved energy reactor sequence. For example, in applications where
there is a large difference in pressure between combustors 102 and 129, it is more exergetic
for the rocket engine compressor means to deliver the exhaust gases to the entrainment train
toward the lower end of the pressure cascade but still above design pressure at 129.

On the other hand, when the pressure at 129 is well below the high pressure that the
state of the advanced art (i.e. 30 atmospheres) for gas turbiﬂes, like ﬁ)—25 atmospheres, then
the preferred mode is to operate the flow at 212 through compressor 213 at maximum (i.e.
equal to 210). This relates to zero flow at 211 énd- simplifies the cycle balance with respect to

consistent chemical aggregate in mass flow.
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description taken in conjunction wth the acconpanying draw ngs in which,
li ke el ements are denoted by |like reference nunerals and in which:

Fig. 1is a block di agram whi ch schematically illustrates a %U% of the
nature t JVRAYP18he present invention is applicable; 97123946

Besides considering how varying the foregoing flow effects the design pressure at
_cofnbustor 129, thé main criterion is ultimately choosing a. cycle balance fhat achieves the
most nét work outpﬁt from the turbine means wrth_the most recovery from recyclihg a related
optimum of exhaust gases.. This criterion requires iterating the design pressure to a value
5  lower than 30 aﬁnospheres, as for aﬁplicatiéns at lower pressures for retroﬁtting éxisting gas
turbines operating up to 25 atmospheres. This - will be covered further in the next
embodiment. | |
Returning to the ro-cket- engine compressor means, the fuel fraction, line 316, is sized
for compressing the selected mass flow through compressor 134. Since the internal second
10 law irreversible heats are adiabatically conserved, ideal isentropic relations can be used at
least as a first approximation for determining the net wo.rk from turbine expansion.
To illustrate turbine inlet tempera;un;: control and the feéycle functions of this invention, the
simpler mode whereby -CI-I4 is fired without transformation follows:
;s CH;+20,+45[CO,+2H0] — {CO +21-120+45[CO +2H,01}
AH = -191.7 kcal at 2515 F
Liberty is taken for simplicity and as a safe side analysis of the turbine work for the above, by
* using Keenan and Kaye Gas Tables for 200% Theoretical Air. This represents one pound

20 mole of any gas at 2515 F and 25 atmospheres expanded to one atmosphere and 943 F:

25 atmospheres 2515 F h, = 23753 Bw/pound mole of products

1 atmosphere 943 F h, = 10275
hy = 13478

h, represents the ideal expansion work of the turbine.
200% theoretical air relates to a combustion product average molecular weight of 28.9
whereas the average for 5.5 [CO2 +2H,0] is 26.7. The safe side value for determining the

30  Btu/pound of product is 28.9. The lower value for this follows:
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Fig. 2 is a chart depicting formats of the signals which are applied to the’

radi o pager; Fig. 3 is a chart which depicts function codes and
char act er swiho®foseg € defined by 1SO 646 and are used in the ﬁ&ﬁ%bﬁfs@k of
the present invention; Fig. 4 depicts a nenory map which i'ndicates the

hy" = 13478/28.9 = 466 Btu/pound of products
Total Products Heat = 440 pounds x 466 Btu/pound = 205040 Btu
Turbine Work Efficiency = Products Heat / Heat Content of 1 mole of CH,
5 = [205040/344160] x 100 = 59.6%
or approximately 60% with respect to one mole of methane .
' The theoretical minimum for recovery requires the steady state fuel input to be equal in heat

to the work of expansion. This is 60% for this example and relates to 13478 Btu/pound mole

10 of products expanding through the turbine means, simply referred hereafter as the turbine.

The objective is to develop a stagnation pressure in the jet combustor that is well above the

turbine inlet pressure, which is taken here as 25 atmospheres. A further objective, preferably |

is to arrange for a substantial part of the recycle flow to be compressed by jet propuision in
15 the near-adiabatic path hereinéfter called the tunnel, from the jet combustor to the turbine

inlet.

This is to take advantage of the 5000 F thermodynamic potential not feasible with rotating
compressors. The lesser efficiency in momentum transfer is offset because the rise in sensible
20 heat is contained for expansion so long as the stagnation pressure driving the jet is adjusted

upward, and it can be, to deliver the designed turbine inlet temperature.

The foregoing operation requires two parallel compressors instead of compressor 134 shown,

whereby one compressor delivers a smal]g_( part of recycle flow at a pressure well abdve the
25 turbine inlet pressure into jet combustor 102 to augment the combustion products and thereby

increase the mass entraining force of the jet. The other compressor delivers the larger portion

of the recycle flow into one or more secondary ports of the tunnel at pressure's somewhat less

-20-



al l ocation of contents stored in a non-volatile nenory of the pager
Illustrated in Fig. 1: Fig. 5is a flowchart which characterize the -
operations of the enbodi nent of the present invention; Fig. 6is a
sket ch f or waessm0sis ng t he enbodi nent of the present inventi opetmRsh23oq6

‘than the turbine inlet pressure to be entrained and boosted in pressure by the jet mass and

further as necessary downstream by after-jet propulsion.

In a simpler mode, the flow from compressor 134 is divided so that the lesser flow is directed
5 to the jet combustor and the larger flow at the same pressure can be directed just down stream

from the jet into one or more secondary ports of nozzle section 121, or be further subdivided

for flow into ports 111, 112 and 113 along the tunnel. In this mode, jet power is increased as

necessary by increasing the stagnation temperature of the jet combustor.

10 Another alternative embodying' some of either or both functions of the foregoing modes with .
the distinct difference that the tunnel entry pressure of the recycle flows be sorﬁewhat less
thaﬁ the turbine inlgt pressure and that the jet combustor be independently powered by fuel
and oxygen at any suitable temperature éﬁd pressure within the design limits of the rocket
engine where its pressure is independently developed by one of the compressors in parallel

15 (earlier described and not shown) and consistently the pressure of the recycle flow would be

independently devélo'ped by the other parallel compressor.

The foregoing modes illustrate the wide ranée of operations to be selectively determined and
optimized by computer analysis and tunnel design based on advanced gas dynamics for jet
20  propulsion. The objective is to apportion the fuel required for the recompressor distribution
with respect to:
1. The intermediate compféésor means
2. The rocket engine stagnation température and pressure

3. Tunnel jet propulsions
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Is a flow chart which depicts the operations which occur during
pager usage in accordance with
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all in consideration of the portion of exhaust to be recovered and recompressed within the

cycle.

The followmg continues the prevxous example for the case whereby all the recompressmns to
25 atmospheres take place in the intermediate compressor means and- 50% of the exhaust is

selected for recycle and heat recovery.

1. Recycle 50% as 2.75 [CO, +2H,0] and
split same into two flows of 1.375 [CO, +2H,0]

Related.
Mass (Pounds) CH, (moles)

2. Total exhaust mass 5.5 [CO, + 2H,0] 440 1.0
3. %4 exhaust mass 2.75 [CO, + 2H,0] 220 0.5
4. % exhaust mass 10375 [CO, + 2H,0] 110 025
5. Flow (3) is compressed isentropically

by compressor 134 .. 220 . 0.5
6. Flow (5) is divided equally

1.375 is delivered at 2515 F turbine
- inlet temperature : 110 0.25
7. The other half 1.375 is delivered to
combustor 108 for turbine inlet
temperature control, i.e.  1.375 [CO,+2H,0] 110

along with fuel product (5) 0.500 [CO, + 2H,0] 80

8. Together equal 1.875 [CO, +2H ,01 190
9. Exhaust (8) is recompressed by addmonal fuel
flowing sequentially into combustor 108 for
190/ 440 = 0.43 ' 190 0.43
10.  However 0.43 [CO, + 2H,0] is additionally
recompressed in-situ as 34.5 pounds 345 0.08
11.  Total mass-and fuel used for said recompressions:
G . 220 0.50
M) 190 0.43
(10) 345 . 0.08

444.5 101
1.01 x 440 = 4444 -

Note: Although the foregoing recompressions are shown to take place with no rocket engine

recompression, the analysis nevertheless equates to the total fuel which is required no matter
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how the rccompression;e, are divided (for this example) between the rocket engine, the
intermediate recompression means and down stream jet propulsions. |

Although oxygen power is pfeferred, air is not precluded. A parallel example with
respect to one mole of methane gives: |
CH, +20, + 7.5N, + [CO, + 2H,0 + 7.5N,] = CO, +-2ﬁ20 +7.5N, +[CO, +2H,0 + 7.5N,]

This represents a mass flow through the turbine of 580 pounds. Again using work output, h;
= 13478 Btu/pound mole / 28.9 = 466 Btu/pound.

Total heat flow 580 pounds x 466.4 = 270512 Btu

Turbine Work = (270517 /344160) x 100 = 78.6% with respect to one mole of methane.

The recovery procedure with air is similar to that described for oxygen. However if
half the exhaust heat and related mass ié conserved i.e. 21.4% / 2 = 10.7%, then the work
output becomes 78.6 + 10.7 = 89%.of the heat content of one mole of methane.

The reason the air mode in these comparisons is more efficient than the oxygen mode
is because thg mass flow is proportionately larger. The mass flow in each ca.v;e was computed
on the basis of the same turbine inlet temperature of 2515 F and 25 atmospheres whereby the
heat capacity of 440 pounds of the [CO, + 2H,0] function is siéniﬁcantly greater than the
[CO, +2H,0 +7.5N,] function. This points up anotﬁer great advantage of the oxygen mode
i.e. by increasing the mass flow of oxygen mode to that of the air mode the same work output
of 78.6% would develop with the same heat lrccovery' for a total of approximately 89 % but a
commensurately lower turbine inlet temperature for the same power and therefore more
beneficial in turbine desig;l.

The following can be further dedﬁced from the foregoing analysis:
1. When a thermal efficiency somewhat less than 100% is shown for a continuous

mass flow (as 440 pounds in the example), then the increased fuel and compression heat
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representing 100% mﬁst redound in an increased turbine inlet temperature. So, if the
designed turbine inlet temperature is at the metallurgical limit, then the recycle and
recompression must be recast to comply. Otherwise the increased temperature results in more
turbine output work at steady state loads.

- 2. 6n the other hahd, asa ;orolléfy to step 1 by recycling more éxhaust than
exemplified, the mass flow from recompression flow additions will increase ovét the 440
pounds and disrupt the required continuity for steady state recycle. In this case the surplus
representing surplus heat can be trénsformed into fuel and be bypassed to contribuie to the
fuel requirement for any one or more for the rockef engine via the intermediate compression
means, and jet propulsion operations.

3. When transformation of cérbonaceou'é matter is introduced (which can be
methane) into step 1 or 2, the result is more fuel and/or more heat which must be taken into
account.

4. Except for exhaust portion which is not recycled and its heat content which can
be independently used, the recycle part of the exhaust and all its recompression heat and fuel
additions are adiabatically contained and must be taken into account in the heat and material
balance for turbine flow continuity with surplus heat and mass bypassed as converted fuel to
replace a correspondiﬂg amount in the base analysis. The by-pass is neceséary to preserve
said continuity of turbine flow.

The foregoing anélysis demonstrates fhat methane or any cleaﬁ fuel can be processed

according to this invention without transformation by recycle of a substantial part of the

 turbine exhaust, its heat recovery being adjusted for turbine inlet temperature control and

continuity. Further, this invention provides for heat and pressure for turbine expansion or

- transforms said heat and pressure into fuel for said expansion by a staged engine operation
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5 arrangenent of a radio pager 10 to which the present I nvention is
appl i ed. A front end (viz., radio section) 12 is provided for
anplifying and denodul ati ng a code-nodul ated carrier wave recei ved by
an ant ennavQ48/3®18 front end 12 is 10 conventional in conBCcrwsyizmeaand
arrangenment and

from which practically no shaft output work is delivered, but which converts all shaft work in-
situ into heat and pressure for said expansion directly or indirecﬂy by nmsfomg
carbonaceous matter into fuel in a neaf-a;_l__i_abatic control__'_volume. In other words, this is a
near total energy control volume whereby all energy sources entering result in a flow with

5 heat and pressure being delivered for turbine expansion or fuel for turbine expansion.'

This invention is not limited to how the recovery of export mass and heat is obtained..
An extraordinary recovery can be made by short circuiting a fraction of the turbine exhaust by
by-passing the mass flow 203 through compressor 205, becoming i'lotter flow to 203. This
flow is proportionately distributed so that the heat recovery between one or more stages
- 10 preferably, but not necessarily, equalizes the flow between stages of turbine means 200. 
Further, selected mass flow 203 not only adds.heat at selected interstage locations, but

‘more significantly it admixes. boosts pressure selectively and augments parent flow 214,
passing as distributed through the stages of turbine ﬁgans 200. To maintain continuity,
constant mass 203 branches off augmented flow 202, so that 202 then becomes flow 204

15 which sequentially becomes remnant exhaust flow 207 after flow 206 is bypassed for heat
recovery indirectly within the cycle or exported for plant use. A particular advantage of the -
short circuiting cycle is to increase the work output without disrupting the mass flow
continuity essential in the main cycle. |

ase 2 -] ' Engine Powe '_ i w.°-"
20 FIG. 3 ShO\;VS this embodiment whereby the rocket engine power source is applied to

existing gas turbines and the flow from the conserved energy reactor is directed for clean-up

at low pressures. Case 1 was presented, for transformations wherein the carbonaceous matter

flowing into nozzle 120 via line 124 is either pre-cleaned or clean at the start. In this case,

clean-up is presumed necessary and this requires that the flow from the conserved energy
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conprises a high frequency anplifier, a frequency converter, an IF

anplifier and a discrimnator (not illustrated in Fig. 1). The out put
of the frao is applied to a decoder 16 which is_arran ed to
conpar e 15w°§23%#1¥c0m ng pager address code with each of pl %T’Uﬁ

ID (Identification) codes stored in a nenory 18. The

reactor is discharged at whatever pressure and temperature is needed to accommodate any one
of several commercially available processes.

Hot gas clean-ups operating at about 1000 F are preferred, because the cleaned gas at
this temperature can then flow to the gas turbine. at least retaining this level of heat. On the
other hand, the advanced kinetic activity previoﬁéiy &escribed for this invention can complete
transformation reactions at very low temperamres without heat degradation from quenching.-
A further advantage for example, is that the cérbon dioxide fraction in the fuel gas can be
extracted at lower temperatures and pressures for other uses. |

In these cases the conversion efﬁciehcy 'employing the rocket engine powered |
conserved energy reactor can be better than 90%. This redﬁccs_ fuel cost compared with
current practice. Further, when a low cost residual oil or petroleum coke can be substituted
for natural gas, fuel cost can be reduced an additional 50 to 250% or more, depending on

market prices.

It is also appropriate for this case to consider the benefits of servicing a retrofit

~operation with a clean or pre-cleaned fuel. This brings into play much of the process

described in Case 1.

FIG. 3 illustrates a process wherein all or most of the load of standard compressor 300
is relieved so that in effect standard gas turbine 200 is transformed into a free-power turbine
whereby the former load of tufbine 200 now becom'es' additional power oiltput at 201.

Accordingly, the compressor 300, only as a matter of convenience, can b'e used for
low pfessure oXidant flows into the conserved energy reactor through line 301.

Case 3 - Multiple Turbin A
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pager 1D codes in the nenory 18 are witten thereinto froma ,
non-vol atil e menory 20 when the pager 10 is switched on. In the event

that the incom ng pager 20 address code coincides with one of the pager
| D codes WO 983051Be decoder 16 applies a message signal, whiEF/FH?

t he coi nci dent pager address code, to a CPU (Centr al

FIG. 4 shows a muitiple turbine embodiment whereby recycle for turbine iplet
temperature control is optimized. The use of oxygen is also effective when'ﬁpplied to multi-
stage turbihes by this invention.

Several proce_ss_.modes are described:

A. FirSt consider partial oxidation of methane by thermochemical transformation for direct
interchange with récycle turbine exhaust gases., Some methane is fired in combustor 102
through line 401; the remainder is fired through line 124. The recycled exhaust gases are
compreséed at 134 and first proportiongd so that compatible flow 208 is sized for the turbine

inlet temperature of turbine 108. Accordingly, compatible exhaust 210 is largely compressed

in 215 and delivered at high pressure along the c_onserved energy reactor. The remaining

lesser flows 402 and 403 can be optionaily applied or turned off.

The remaining large part of compressor discharge 404 is then divided to suit the temperature
and pressure interaction between combustor 102 and jet entrainment nozzle 120. The reaction
zones can be applied as needed. Separator 405 is omitted. Nozzle 406 provideslthe back -
pressure for the flow on to top combustor 407. The partially oxidized gas continues on
through combustors 408 and 409 to exhaust from bottom turbine 410 in complete combustion
to exhaust in line 202. Oxygen is supplied through line 411 and controlled for flow content
and pressure (not shown) into lines 412; 413 and 414. The control is for maintaining
preferably equal temperatures at each interstage to-matéh the temperature in combustor 407.

B. Methane can. also be fired with a éhortage of oxygen resulting in gas flow that is
partially oxidized and be treated as explained in A above.

C. The thermochemical activity between methane and steam can vary depending on

temperature and pressure. Either of the following reactions can be obtained over a wide

temperature range:
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Processing Unit)) or message receipt controller 22. It . 1S known in the
art that the message signal is applied to 25 the CPU 22 after being

subj ect t orrection in decoder 16. I . t that

. the CPU Z%VQ ?86 1§ that the nmessage signal applied the&éﬂ%’z’giﬁ%ect ed
to a pager ID

Equatiqn (1) CH, + Hzo"g) = CO + 3H2

Equation (2) CH, + 2H,04) == CO, + 4H,

However the reactivity with coal/carbon cém__be applied to the process:

Equation (3) C + HZO(g)# CO + Hz

5 | Equation (4) Cd + H, + H,04) = CO, + 2H,

All the foregoing reactions are endothermic and operate withiﬂ the heat and reactant
content of the recycle part. In this way the cycle first yields the endothermic heat and reactant
steam fo-r the tramforﬁatidn “and then regains it when the product fuel gas is fired
downstream. The reaction equilibriﬁm is well served by the abundant water vapor content of

10 the recycle part.

FIG. 5 shows an embodiment whereby the production of hydrogen is preferably
accomplished via steam - iroﬁ reactions. - Eit_her of the following three ways are described for
their different physicai effects in reaction equilibrium and kinetics with respect to how the iron
product can be later stored and used:

I1s A. Reduction of Fe;0, to FeO for Hydrogen
B. Reduction of Fe3d4 fo Fe (sponge iron) for Hydrogen
C. Carburization of Fe to Fe,C (iron carbide)
Heat S for and Production of the Reducing G

20  Equation (1) 0.5C +0.50, + 1.88N, 47keal 0.5CO, + 1.88N,

Equation (2) H,0 +2C +0.50, + 1.88N, 212kesl C0 + 1.88N, + H,

Net AH = -32 kcal

Reduction

-37-



code through which the receipt of a nessage is permtted, 30 the CPU 22
energi zes a speaker 24 by way of a speaker driver 26. Al though not
shown in Fi g 1 a Ilght source such as an LED (Light Emitting Di ode)
or the IiK¥ installed to provide a visible signBFTURIRIM6t i on
to the audi bI e one produced by the speaker 24. Further, the CPU

Equation (3)
[0.5CO, +2CO +H, +3 .76N2] +3Fe;04) —> 2.5CO, + H,0 + 9FeOy, + 3.76N,
Equation (€3] e 9FeQ, + 1.5H,0, + 1L.5H,0p) —> 3Fe3‘04m +3H,

AG = - 93 kcal

v

FeO particles, deﬁved from fairly sizable Fe;O, particles (probably from a pellet
source), offer a unique characteristic whereby the particles can lumber along forward from
drag forces created by the high 'velocity, reacting steam exerting slip velocities up to transonic
speeds. As a recycle process only the product hydrogen has to be discharged at the end of the

10 reéction zone. It does not matter if solids recycling are a mixture of Fe and FeO particles so
long as suitable means are provided to preclude agglomeration mn recycle. The orier;tation of
the reactor by this invention can assume any angle with horizontal that sustains the solid
particles in flight.

An alternative mode relates to a very fine Fe particle in the 50 to 200 microri range.

- 15 At the lower end close to. dust in size they must be éonveyéd by a neutral gas, nitrogen for
example, in a sealed conduit to preclude spontaneous combustion. Because of this
characteristic they can be expected to develop very high reaction rates just by mixing with
steam. Further comments will ensue after examining the followiﬁg reactions for producing

hydrogen from sponge iron, Fe:

20 B. Reduction of Fe:0, to Fe (sponge iron) for Hydrogen

Heat Source
Equation (1) ~ 0SCH,+0, 58kal, 05c0, +H,0,,
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35 22 stores the nessage in a RAM (Random Access Menory) 28
WO 98/30518 ' PCT/US97/23946

Equation (2) CH, +0.5C0O, + H,0,, -323kaal CO +3H, +0.5CO,

Net AH for (1) and (2) = — 56.5 kcal

Reduction

Equation (3) © CO+3H,+0.5C0,+ Fe;0, 228kl |50, + 3H,0 + 3Fe
5 Oxidation

Equation (4) © 3Fe+4H,0,, ~338kal, £e o +4H,

according to Gahimer et al IGT .experiments 1976) Equation (4) has a favorable free energy
change almost linearly from AG = - 20 kcal at 125 C to about —3 kcal at 925 C. The free
energy changes for reactions “A” were computed from Thermochemical Properties of

10 Inorganic Subsfances by I. Barin and O. Knacke. In view of Gahimer, the favorable free
energy changes for the “A"’ reactions suppbrt bbth processes as achieyable for Hydrogen
production by the rocket engine power source and the conserved energy reactor.. This is not
to preclude running larger particle sizes in “B” reactions while still striving for an all-Fe or
sponge iron production for other uses while producing hydrogen for fuel cells and gas

15 turbines. Such a use is sponge iron for steel mills presented next as “C.”

C.Carburization of Fe to Fe,C (Iron Carbide)
The production of sponge iron is basmally the direct reduction of iron oxides as

described above and its use in steel is prlmarlly to form iron carblde (Fe3C) Wlth ‘methane,

as a major constituent of natural gas, the chemical environment is described by equation (1):
20 Equation (1) CH,+0, -84kl CO +H,0,, + 2H, Partial Oxidation
The following are the driving carburization reactions:

Equation (2) | 3Fe + CH, 222kal Fe C+2H,
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Equation (3) 3Fe +2CO —36:2keal, Fe,C +CO,
Equation (4) : 3Fe+CO +H, 24kal, Fe C+H,0,,

The foregoing illu#trates the expansive applicability of the rocket engine power source
of relatively unlimited high pfesﬁure range and a 5000 F ceiling for the rocket engine
combustor as a facility for high productivity in steel mills with a coordinated process which
also produces power. The combination for this is next des;ribed with respect to reactions “B”
above and FIG. §.

‘The sequence now is to generate for example, six moles of hydrogen independently
from the above equations by transforming methane in the rocket engine power sonrce.. The
hydrogen flow is divided equally into three tracks: |

Track 1 delivers two moles to fuel cell 500 (preferably solid oxide fuél cells)
de'livering power and high pressure steam into combustor 501 which empowers turbine 502,
as shown.

Track 2 delivers two moles of' hydrbgen directly to combustor 501

Track 3 delivérs two moles of hydrogen to reduce 0.5 Fe;0,.

What follows hext are the potential reactions in the first and second stage operations.
The first stage produces all the hydrogen and is a pressure cascade. It empowers the second
stage for the reduction of Fe;0,. The pressure develt_)ped in rocket engine 503 also delivers’
the off-gases in track 3 from reactor 504 into the combustor 501 for maximum heat utilization.

The reactions occurring in stage 1 are:

Equation (5) 0.5CH, + 0, +2H,0,, L8kl (5C0, +3H,0,, Combustion

”~
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and siul taneously induces the sanme to appear on a di splay 30 using a

di splay controller 32 in a manner known in the art. The CPU
22 is arra ontrol the overall 5 operations of the er_10 using
a program &ﬁ?gﬂ&&g previously stored in a ROM 34. P %897’23945

Equation (6) 1.5CH, +0.5 CO, +3H,0,, 243kl 2CO, +6H, Transformation

Reaction 5 takes place at top pressure inside combustor 503 so that the combustion nozzle
develops a jet as needed up to transonic velocities thereby activating reaction (6) which occurs

when 1.5 moles of methane are metered to react with the jet, ac;cprdingly producing in this

N

example six moles of hydrogen equally distributed as above described t(; the three tracks. The
carbon dioxide is separated from the hydrogen by éuitable advanced means for_retainirllg
pressure and heat and directed from reactor 505 from said separation and on td empower the
second stage sequence 506 and 504 for reducing the magnetite Fe;0,.

Accordingly, carbon dioxide and hydrogen flowing into jet pump 506 extend the back
10 pressure from stage 1 th'x_'ough a transonic nozzle to i_nteract with Fe;O, particles being..
metered downstream of the carbon dioxide and hydroéen jet according to the following

reaction (7):

Equation (7) 2CO, +2H, +0.5Fe;0,,) <23k, €O, +2H,04, + 1.5F¢, Reduction

The foregoing reactions are approximately in heat balance so that additional heat may

w

be added as necessary for process purposes. This is simply an example of the versatility of
this invention to facilitate a two stage reaction process. The jet pump 506 can readily be
orgarﬁzed for combustion by introducing oxygen to fire a fraction of the hydrogen, and this
can be the case when the _carbo.n dioxide must be separated by a conventional solvent
absorber-stripper or pressuré swing z;dsorptibn'.syst'em.
20 The exhaust from turbine 502 comprises water vapor and carbon dioxide. The flows |
in the pr‘dceés _woﬁld be iterated (not done for the pl-erose of this example) as described __in

previous embodiments whereby a substantial fraction in line 507 would continue on in line
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Fig. 2 shows, by way of exanple, a code format which | may be used with
the present invention. Such a code format has been proposed by the
POCSAG (British Post 10 O fice Code Standardi zati on Advisory Group). It
shoul d WoO9B0sA®t ed however, that the present invention i $CYBiSI7/23946
limted to the code format shown in Fig. 2. As shown at
508 into rocket engine compressor means 509 and the difference in line 510 bypassed for
other uses. |
~ Returning now to the production of iron carbide and using endothermic reaction (2) for
example, sponge iron and methane react with heat to yield iron carbide [Fe,C]and hydrogen.
5 As an option, this is depicted in FIG. 5 as a third stage process whereby the methane is
partially oxidized in the rocket engine combustor 511. Methane may be metered in excess
into the nozzle section of combustor 511 or metered down stream into nozzle sections of
sponge iron reactor 512 The jet from ¢ombustor 511 accordingly suppiies the endothermic
heat of reaction to produce .are' iron carbide and hydrogen. In alternate modes the hydrogen
10  produced from reactor 512 can be recycled to the nozzle sections of combustor 506 and
reactor 504 to reduce Fe,O, and/or FeO té sponge iron theréby fninimizing carbon dioxide
production.
In qonclusion for this embodiment two further points are made. Firstly, a full power
plant or peak load requires operating__t_racks 1 and 2 together. In this way the turbine can be
15 organized to handle the base load on track 2 alone. Secondly, sponge iron can be
commercially made into pellets or briquettes which can be conveniently ground into powder
forrq. The reactivity of fine iron partfcles, with steam can produce Fe;O,4 and pure hydrogen.
This can be more suited for small fuel cells for .residences, for examéle. Polymer electrolyte
membrane fuel cells are commercially being developed for thi_s purpose as Qel_l as somewhat
20 larger units for commercial buildings or mobile power sources. This class of fuél cell
minimizes high temperature componenfs in dwellings and confined spaces. This invention can

produce the sponge'iroxi for these or other ﬁiel cell types with 'i‘elatiVe'luy small reactors for

portability and security as well as the aforementioned larger scale operations.
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the uppernost row of Fig. 2, a transm ssion consi sts of a preanble, a
synchroni zation code (SC), a frame 15 synchroni zation code (FC), a pager
addr ess cwm&&and a plurality of nmessage (viz., datPa I[(J:odewords

denoted b

, D2, D3, D4, D5, .... in this order. SOTRIUE of

nmessage codew%r,-ds D1-D5 consists of 32 bits

10

15

e next describe the rocket engine power source applied in two ways for boilers and
steam turbines.
e i W -

Refer to Figurés 6 and 7 which are later described in detail. Typically steam turbmes
in boilers are without connected compressors. As an e.xamplé,-a steam turbine generator
producing 50 MW would be poweréd by a boiler delivering approximately 346,000 pounds of
steam per hour.at 600 psia and 1000 F with an exhaust from the turbine at 250 F and 30 psié
as dry saturated steam containing 1517 Btu per pour_ld. Entropy is approximately 1.7
Btu/pound R.

At constant entropyl, the theor:etical efficiency, neglecting pump work, is calculated as
follows: |

E = {[1517.- 1164] / [1517 - 218] } x 100 = 27.2%
The efficiency represeﬁtéd sets the point of departure bgtween existing or new installations
planned on the Rankine Cycle and this invention. The objective here is to recover most of the
heat into the conserved energy reaétor for convertiﬂg and developing all the fuel, retaining
recovered heat for firing the boiler. In completing the cycle, the efficiencies of the boiler and
of the transmission of powef between the turbine and generator will remain substantiaily
unchanged.- However, the inner cycle gain in entropy incfeasing the exhaust enthalpy will be
recovered in the conserved energy reactor which will receive the exhaust steam directly as the
major coﬁpanion reactant with carbon and hydrocarbon compoﬁnds.

The latent heat in the turbine exhaust represents the lax;gest part of 'ﬁe waste energy.
At least 50% of it is recoverable by inter-mixing an :;dditional flow of water with the turbine
exhaust steam on a one to one basis. If all the latent heat is recoverable at this point in the

process then the usual boiler efficiency of about 90% (100% for simplicity) would also hold

-43-



wherein the first bit indicates whether the correspondi ng 20 codeword is

an address codeword or a nessage codeword and wherein the | ast el even
bits are check bits and an even parity bit. In this particular

enbodi ment WOO¥/9§18 " 1" denot es the nessage codeword whPcarusoveigde " O'
denotes a pager address codeword (although not shown).

t0

as the overall thermal efficiency for the advanced operation. However the 27.2% efficiency
shown above also represents the overall thermal efficiency qf a current opefation. The lost

energy is 72.8 %, which for practical purposes is the latent heat loss to cooling water.

By recovering 50% this, as above described “E” becomes:

E =272 + 36.4 = 63.6%
The net work is nominally unchanged as 50 MW .or 27.2% of the heat flow to the turbine.
The fuel economy is greatly increased so that 36.4% less fuel is needed to produce the same
net work. Further, the cooling water requirement is cut in half and the. additional water, 50%
saturated after ihtermixing is next used as the major water vapor reactant as 2sz into the
conserved energy reactor shown for example, with CH, by |

Equation (1) CH,+2H,0 b2 CO,+4H,  AH = + 39.5 keal

For this analysis and in general two moies of steam can represent all the steam that the
boiier supplies as 100% and all fox.' the turbine. It is therefore consistent to recover as much
heat frorﬁ two moles of turbine exhaust by the inter-mix flow transfer, above descfibed, by
relating to two moles for continuity of mass whereby two moles of exhaust continue on to the
condenser and two additional moles with half of the latent heat go into the reactor which
supplies the fuel to the boiler. The added water must at least be as pure as the turbine exhaust

so as not to contaminate the flow to the condenser.

. The two moles of water vapor are thereby converted to fuel in the power source. The

fuel is next fired to provide 100% of the heat to the boiler by
Equation (2) CO, +4H,+20, — CO, +4H,0 ' AH = - 221.2 kcal
whereby the combustion preducts CO, + 4H,0 are stack gases (for cleanup as necessary) to

become the heat source in near adiabatic flow for a second stage power source which can

provide additional fuel at any pressure for any pﬁrpose for immediate use and part of which
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25 ,  Each of nessage units such as Al-A6 and B1-B3 is conpri sed
of 7 bits and represents one of the characters whi ch are defined by
| SO (I nternational Standards Organi zation) 646 as shown in Fi

3.
More spec™MABAMIE the first 4 bits are used to 30 indi catpgml’&ﬁﬁ‘e t he
remai ning 3 bits define colum.
can be recycled to power the rocket engine and or rocket engine compressor means for either

or both first and second stage reactors.
It is preferable that in the foregoing staged operations the engines are fired with a clean
fuel like methane and that at least in stage one the carbonaceous matter is also methane or an
5  equally clean and compatible fuel. |
The following reaction(s) demonstrate the escalating benefit of stage two:
Equation (3) CO, +4H,0 +2CH; = 3CO,+ 8H.2 AH = + 79 kcal |
The effect of ﬁripg is shown by: |
Equation 4) 3CO, +8H,+40, —> 3CO, +H, AH = - 462.4 kcal
10 By comparing the combustion heat releases from Equations (2) and (4) with the endothermic
requirements of Equations (1) and (3) it is fairly obvious that there is labundant fuel available
apart from exhaust heat recovery both as latent and sensible heat from turbine exhaust and
stack gases to further supply hydrogen recycle for the rocket engine and compressor
combustors. The.carbon dioxide part may be retained or separated and by-passed by suitable
1S means.

A yield of eight moles of hydrogen is considered a maximum z'md.the yield may be
considerably reduced by lowering the flow of stack gases for the second stage reactor and
directing the difference to low gréde heat uses. On the other hand this mode, without or with
less use of a second stage power source, can apply the first stage in the use of other

20 carbonaceous less costly and/or less clean feeds. which depend on in-situ boiler or stack clean-

up.
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Further, each of the nessage units Al-A6 and Bl-B3 I ndi cat es one of )
the characters positioned in the second to seven colums of the table
of 1 SO 646, The six nessage units S1, Cl-C4 and S2 are utilized
35 as coMAWW3%HYes which have been inserted into a nessadgRCI/USYT23946

FIG. 6 is now described in compliance with the fofegoing operations. FIG. 6 shows
this embodiment in which a rocket éhgine power source is integrated with a boiler utilizing the
two stage fuel transformation. Ste'arﬁ exhaust from turbing._G“(?O via line 601 flow into mixer
602 for direct heat interchange with clean water, through line 603, which is metered and

5 pumped (ﬂot shown) to boost as necessal:y the flow through the mixer 602. The mixed flow

604 divides into flows 605 énd 606 so that flows 601 and 606 are mass-matched (control not
shown) to preserve boiler feed water continuity through condenser 607 at a contrélled low
pressure which also boosts the mixed flow 604 thrdugh the mixer 602. As a consequence
bypass flow 606 matches the mass content of clean water inflow 603. Mixer steam flow 608
10 from boiler 609 joins the mixed flows 601 and 603 to bring the clean water flow 603 at least
up to the point of vaporization. The minor steam quanfity for this purpose beéomes.pa'rt.'of'
and increases bypass flow 606 over said mass-matched condition, which now as a partly
saturated vapor is direcfed into a downstréam port of rocket engine nozzle sectioﬁ 120 (not
shown). Increased flow 606' accordingly becomes the major H,O reactant with carbonaceous
matter 616 in the first stage power source. The fuel 611 can be any fuel but clean fuels such
as methane or natural gas are 'preferred for two stage operation. The oxidant 612 is preferably
oxygen for the first stage of a two siage operation. The power source discharges fuel product

613 through distribuﬁoﬂ means-6l4 thch can be the fire box of boiler 609 or simply deliver

the fuel product_ to the boiler’s fire box away from said méans.

20 The boiler delivers st;:am 615 which supplies minor bleed 608 (previously described)
and which can be further divided into a steam flow 616 which directly powers turbine 600 and
discharges optional -ﬂow 617 which is divided into flows 618 and 619 to suit make-up steam
requirements. The optional flow 617 of course requires additional fuel supply 613 over what

is necessary for turbine power.



“n

WO 98/30518 PCT/USY7/23946
There is a second more dominant option for flow 618 whereby the compressor means
is eliminated and combustion is precluded inside of jet combustor 102 shown in FIG. 1 and

flow 618 (up to full boiler pressure) empowers the jet so that the rocket engine is replaced by

a powerful steam jet pump. However, combustlon is not precluded downstream of the jet and

can be apphed for increasing the temperature and thrust of the downstream flow. Thrs
feature, though not shown, can be applied to the second stage power source in this
embodiment and likewise in the FIG. 7 embodiment.

Continuing now with FIG. 6, steam rich stack gases 620 pre-cleaned as necessary
inside boiler 609 or outside (not shown), can be divided into flows 621 and 622. Flow 621 is
directed into a port of nozzle section 120 (shown in FIG. 1) just down stream of the jet.
Flows 621 and 622 are adjusted to suit the reactivity with flow 622 being directed accordingly
into the conserved energy reactor. Other 'aspects of the secorrd stage reactor are similar to
those of stage one and generally of the power source described in FIG. 1.

Case 6 - Hot Flow E . ¢ Boiler Embodi

FIG. 7 shows this embodiment whereby-a boiler arrangement is used with a hot flow
extension to further improve system efficiency. The hot flow engine gasifier is powered by a
standard industrial supercharger available over a wide flow range, for large industrial diesel
engines. In this application, the turl_:ine and compressor part are interspersed with a custom
built combustor designed to be fueled so that combustion products are chemically compatible
and can flow adiabatically under power, pralctieal.ly: without heet loss, except for minimal
radiation for increasing the efficiency of the Boiler 609.

The turbocharger engine described is a simple cycle gas turbine and can be started by

any suitable means. The turbocharger - gas turbine is preferred to an expensive conventional
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In order to clearly

NE- 414 signal by a pager service conpany,
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gas turbine (which is not precluded) because the pressures anticipated are generally predicted
to be under four atmospheres.

Referring to FIG.. 7 the hot flow unit compressor 700 receives air from line 701 and
delivers part to combustor 702 from line 703 at top pressure. The remaining air is delivered
at the samé pressure to combustor 704. Combustoré 702 and 704 are separately fueléd by
lines 705 and 706 respectively by any compatible fuel, but preferably hydrogen in the ration
of 4 to 1 with carbon dioxide, which can bé supplied by the second stage rocket engine power
source. The products accordingly have high emissive potential for radiant heat transfer. The
products from combustor 704 discharge through a sonic nozzle in conjunction with secondary
ports which comprise noizle entrainment unit 707. The nozzle is integral with the combustor
and the secondary entrainment ports which separately receive ambient air 708 and exhaust
gases 709 from turbine 710.

Extremely hot gases (2000 F and higher) emanate as mixed flow comprised of
combustion products from 704, ambient air 708 and turbine exhaust 709 coming together in
channel by suitable means and continue as flow 711 through heat exchanger 712 which further
super-superheats the boiler steafn 713 to 1600 F and higher. The exit flow 714 can be
deployed for further recovery by conventional heat transfer means to suit various boiler needs.

The forégoing completes the hot flow cycle which for practical purposes is 100% heat
ﬁtilization efficient except for minimal radiation and Whefeby the mrbocharger - gas turbine
power, converting tc; heat in-situ, becoming intrinsically part of the total heat, comprises a
tqtal energy conversion adjunct to Boiler 609.

The hot flow velocitiés are planned to be very high so as to greatly increase the heat

transfer rate in exchanger 712. This is a total energy system whereby the turbocharger gas

" turbine’s power heat equivalent is totally conserved, resulting in extremely high heat transfer
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di stinguish the control codes fromthe other nessage codes, it .is
preferable to use sone of the function codes positioned in the first

and secondvﬁ%&}{’gﬁ8 of the table 5 shown in Fig. 3. The c%\;\ﬁ#@g@? S1
the

i ndi cat es
I ndi cates that the next cod?ocz Is a sjign bit

W

20

initiation of the set of the control codes,

-

ich_ .
rates because the power for generating the necessanw very high velocities is conserved. As a
consequence the ultimate benefit is a relatively smaller heat exchanger. Flow velocity, the

essential factor, requires power which rises as the cube of the velocity. Power here is not a

cost factor because it is conserved, as already explained. Accordingly, by combining this
intense heat transfer by convection with the previously described highly emissix..lé radiatidn,
heat fluxes up to 90,000 Btu per Square foot per hour and higher can be obtained.

- The hot flow extensions to the conserved energy reactor described aSove éffectively
cfeate a total water gnd energy recovery system. Investment costs are minimized by the very
high heat fluxes thereby greatly reducing the surface area 'in excﬁanger 712. Water and its
contained energy is internally recycled; the turbocharger gas turbine’s power heat_ equivalent
is totally conserved; the energy required for high velocity heat transfer (which rises as the
cube of the velocity) is not a factor here because it is conserved, as already explained. The
principle advantage of increasing the steam temperature to about 1600 F. and higher is tﬁat this
substantially increases the turbine output while sti_ll retaining the conserved energy benefits of
the two stage system and the flexibility of being able to transform consi_derabiy less costly
fuels into more useful products. Of course it is also possible to add the hot flow extension to
the fuel cell arrangements described in FIlG.‘ 5.

Referring back to and extending the 50 MW example,. the following demonstrates the
Hot Flow gain from juSt a 400 degree rise to 1.400 F, based on a nominal specific heat of 0.5 _
Btu/ pound F: l

E' = {(1717 - 1164) / (1717 - 218)] x 100 = 36.9% for 68 MW
compared with 27.2 % fqr 50 MW. The numbers speak for themselves. Every dollar for fuel

heat energy spent in this way is reflected in equivalent electrical energy without loss.
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i ndi cates permi ssion or prohibition of message reception. O, the
ot her hand, the control codes C3, C4 specify the 10 pager 1D code, while
the last_S2 the end of the control code set. Fig._ 4 shows a
menory n&'ﬁ’%‘i’é’?’eﬁ n extraction control codes S1, CI' -&FT’Q%J are
arranged in the

Turning now to Figure 9 which is an extension 6f Figure 4 and introduces three
options witﬁ fespect to flow 212 shown in Figure 2 as the recompressed exhaﬁst from turbiné
108. Both Figure 2 and Figure 9 show this recompressed exhaust delivered into the
Conserved Energy Reactor and this is also one of_'th_e obtions shown on Figure 9 as flow 916.
5 The other two optioﬁs are: |
1. flow 917 as an indirect heat transfer source for ii;terstage heating, and
2. flow 918 as a direct héat transfer source for interstage heating.
Parent flow 212 may be apportioned to flow 916 and to_ﬂ_ow 917 and 918. Controlled
~ metering and throttling of these flow options (not shbwn) are preferred. Also when £wo
10 options are selected to apportion the exhaust flow from turbine 108, then each flow can be
provided with a separate and additional éompressor (not shown). This wquid allow one flow
to be a significantly different in pressure.
’fhe main advantages of the-ﬂelxibility provided by these options are:
1. They facilitate establishing and maintaining the continuity of the main cycle as
15 to chemistry énd mass flow; |
2. While continuity is indigenous with a prescribed heat capacity, flow 918 and
particularly flow 917 provide additional heat capacity that translates to additional expansion
power. The additional mass into the cycle by flow 918 is compensated for by programming
the discharge at flow 206 to include an gqﬁivalent'mass. Indirect heat flow is exhausted from
20  the cycle as flow 919 to be applied for further recovery; ahd,
: 3. Deploying all or much of the exhaust away from the Conserved Energy Reactor
and the main recycle flow, the more parent exhaust fﬁass and heat can be delivered through
line 207 for recovery within the main cycle, thereby minimizing external heat additions for

completing the cycle.
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Il lustrated manner along with 8 pager ID codes. It 15 shoul d be noted

that the nunber of pager ID codes in Fig. 4 is nerely exenplary. Each
of the 8 r codes are preceded by a sign bit. In I Sl nce
each of tﬂ@%’”‘kgsi gn bits is set to prohibit nmessages fromP @3’7&?&4@

di splayed. I'n the event that the sign bit is changed to
Recovery flexibility is also enhanced by provision of separate compressors 920 and

134. These are shown on the same shaft schematically for simplicity. Tﬁe méin requirément
is that they are independently controlled and powered by the same turbine 108 or any prime
mover so long as the compressor 213 is also powered by the same prime mover and its
5 exhausf is recompressed by comi:aressor 213. | o
Returning again to compressors 920 and 134, these are shown to receive flows 915 and
209 respectively which are selectively apportioned from exhaust flow part 207. One-objective
is for each compressor to be capable of delivering up to tﬁe ﬁighest pfessure reqﬁired by the
cycle which is a relatively unlimited high pressure specified for rocket engine combustor 102.
10 The second objective, accordingly, is to deliver the least mass into combustor 102 from line
922, and the remainder at a selected lower pressure from 404 which may further be selectively
sub-divided for delivery into one or more secondary ports, via line 923, to the rocket engine
nozzle-section 120; or via line 924 into selective ports of the Conserved Energy Reactor.
The main objective of the foregoing alternatives is to take full thermodynamic
15 advantage of the 5000 F upper limit and top pressure capability of the rocket engine
combustor to support the prescribed overall cycle requirement for the least pressure
reqhirement from compressor 134 which is delivering the greater part of the mass into the
cycle and théreby reduce the power otherwise required by turbine 108. This power may be
further reduced by down str_eam' jet propulsion previously described. The thrust force
20  produced thereby increases the entrainment capability and the power of the flow for delivery
| into the powel;_output turbines. | |
As was earlier discussed in conjunction with the bench mark analysis for cycle

optimization, the foregoing description with respect to Figure 9 further exemplifies the
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20 a different value (e.g. changed from"1" to "O'), the . nessages

which is directed to the pager |ID having a sign bit "O', wll be
di spl ayed as in a normal or original node. It should be noted that the
posi ti on WO $B5B0318¢ sign bits is not limited to the il PEGEUSEIERGNne.

It may 25 be stored in.another nenory positions if the relationship
increased flexibility afforded by the two compressors for selectively dividing that portion of

the murbine exhaust , chosen for recovery within the cycle.
Returning again to the production of ethylene, further concepts relate to several functions for
optionally arresting the chemical reactions for its production.

5 This is complementary to the various ways previously discussed for this invention for settiog
chemical reactions to a prescribed product resolution. These mainly, with the exception of
products involving products resulting in non-equilibrium mixtures such as olefins, principally
ethylene, were treated wifh respect to equilibrium related reactions in the production of
syntheti.c.'ﬁ.lels.

10

What follows further extends the treatment of ethylene. Transonic flow is extended over a

significantly greater length in serios sectioos as a better control of the millisecond character of

the pyrolysis residence tiroe and a further increase in solective length down stream in order to
continue to accelerate the flow

1. Supersonically after shock and a brief interval of incroased pressure to ensure flow

throﬁgh at least one seouent transonic nozzle;

2. Alternatively, the flow through the next or last de Laval nozzle can be ad'equately fast for

some reactions if only slightly subsonic.

3. This mode can also be appropriate when all flows and related'oozzles are designed to

20 operatei at slightly sub-sonic but increasing in velocity down s.tream, SO .that acceleration

after pyrolysis would oe considerably greater to enhance setting the reaction
4. Still anotheér option is to program a shock after the pyrolysis zone which still continues to

accelerate flow after a slight increase in pressure and a slight deceleration.
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wi th,the correspondi ng pager |ID code can be nai ntai ned. Accordi ng

tolthe present invention, the above . mentioned sign bits can be
selectiv % ¢ idten to permt nessage reception eve f

_ _ g 8 _ _ p e §9723b4s ©
the bits have been set in the manner illustrated in Fig. 4 (viz., all

have been set to_ inhibi{ nessa r ' . .
The main objecgve o% the foreggﬁlg eg'cg'ﬁnteld C%trrlgelerauons particularly after pyrolysis is to

setor “freeze” the planned reaction by causing the temperature of the reactioh to drop by
converging the contour of the channel or tube .thereby changing the pressure head to kinetic
energy. According to Raniere, a Slighth ;;q;ease in preé_sixre just after the last shock zone,

5 ﬁmétions to off:sét the endothefmic reaction by the related increase in tempera;n;f_e:. Thxs is -

true providing an accelerating flow and a decrease in temperature follows.

Other variations with respect to the foregoing options can be practiced by those
knowledgeable in fluid mechanics and/or gas dynamics within thé context of this invention, so
10 long as the objective for acceleratipns is practiced as an in-situ cooling function, to set the
pyrolysis réaction. In this way, fhe need for a water mist quench is either eliminated or
minimized. If used, its preferred function thereafter is to expand the flow through a turbine in

order to continue to drop the temperature.

15 'The following comments are in support of the foregoing to employ shock waves for pyrolysis.
The advanced concepts of Hertzberg, Kamm, Raniere and others who teach various forms of
shock activity may be compared or contrasted with the art of Millisecond Furnaces which,
though capital intensive, have operated for years successfully in the marketplace and challenge

competitive efforts to devise a simpler, more compact, much less capital intensive technology.

The other simple fact from a purely fluid mechanic standpoint is that the flow in the wbes of a
Millisecond Furnace accomplishes the pyrolysis without shock waves.. While furnaces differ
with respect to tube shapes between manifold entry and quench sections, consider an M. W.

Kellogg furnace as described by Ennis, et al in their paper entitled “Olefin Manufacture via -
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The present invention will further be discussed with reference to

Fi gs.

5 and 6. Fig. 5 shows a flow chart which depicts the steps

35. which characterize the present invention and whi ch shows

10

WO 98/30518 PCT/US97/23946
Millisecond Pyrolysis” (Chemtech Magazine November, 1975). The tubes are straight,
approximately one inch inside diameter and approximately 36 feet long. For shbstantial
ethylene yields, the residence time is 0.03 to 0.1 second. With an outlet temperature range of
870-925 C. Accordingly, the averége velocity in 36 feet, ranées from 360 to 1200 feet per

second.

The Velocity of sound a = (g k R T/m) 03 which as given for steam at 925 C is 2700 feet per
second (Keenan and Kay Gas Tables). So with gRT constant, Mach 1 for products would

vary as k/m where k = Cp/Cv and m is the molecular weight.

With this frame of reference the flow in this invention, in the shock wave mode, can by
starting with Mach number of 3 or higher, cascade down to a lower Mach number selectively
to suit the pyrolysis zone at the end -thcn allowing a slight deceleration of the flow before a
relatively steep acceleration to the turbine entrance. Accordingly, pyrolysis can be considergd
to take place, selectively in the last shock zone as a “bottle” shock or éompression shock
conforming to the L/D ratios reconl;nended by Ascher H. Shapiro in his text “The Dynamic
and Thermodynamics of Compressible Fluid Flow” under the heading of “Normal Shocks in

Ducts” pp. 135-137 and 1153-1156 (Ronald Press) 1954.

Supersonic zones can also be provided in series to promote m;xihg first for stéam generation
in-situ- and next to mix the feed witﬁ steam whereby the feed is metered in at a substantially
low velocity, but fa.st.enough for tube cleanliﬁess, whereby the steam-hydrogen mix is flowing
at supersonic velocity. The boundary layer in ducts is impacted from successive shocks, in a

“bottle shock™ zone. When feed stocks are metered in peripherally this action can be
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expected to assist its diffusion into the main stream and can minimize the growth of the
boundary layer by ;nteriné with some kinetic energy into a low pressure zone, but still as a
relatively low velocity compared with the supersonic entraining stream. However, when feed
is directed into a low pressure zone, its yglocity can be .selectively increasg:d in order for the
feed to peﬁeﬁaté deeper inté the ﬂo»;/'ti;:'fli;r;her enhancé mikiﬁg, parﬁcularly in advance of or
into a shock zone. An alternate mode of pyrolysis, as stated prev_iously, can function at very

high subsonic velocities by this invention.

Further, it is to consensus that ascending heat rates increase conversion for coal. See Von
Rosenberg, U. S. Patent 4278446. With respect to a temperature difference of 1500 K for a
well dispersed coal particle, he pu'rports to attain a high heating rate of 106 K/sec. Reaction

rates range from 0.6 to 2.4 milliseconds in a supersonic diffuser approximately 2 mieters long.

In his report to the U. S. Department of Energy (DE-AC 21-85 MC 22058, March, 1987), the
team achieved coal conversion rates up to 70% in about 50 milliseconds. The reactor length
down stream of the DeLaval nozzle was 80 long to the quench station. Pressures up to about

4 ATM, and temperatures up to 4000 C were tried. The flows enter the supersonic diffuser at

Mach 2.27 and leave at Mach 2+.

It’s of interest now to apply a heating rate of 105 K/sec to an ethane fed steam pyrolysis

reactor of Hertzberg’s U. S. Patent No. 5,300,216. This is to estimate the reaction length

‘portion devoted to achieve the 573 C temperature rise given and shown on Figure 2B of the

patent. The peak temperature 1000 C is shown as a normal shock rise from 427 C as the

mixed ethane and steam temperature. The pyrolysis tempe_ramre is given an 863 C. The
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- 8- NE-'414 t he manner in which the received

control codes are extracted and then the sign bit(s) is re-witten. !
As shown in Fig. 6, when the pager is sw tched on,
WO 98/30518 PCT/US97/23946

drop from 1006 Cto 863' C is shown on the drawing as a cusp down to the horizontal at 863
C. Thisis overa pfessure and Mach change of 9 bars and Mach 0.44 to 10 bars and Mach
0.12 just before quenching. At 1000 C and 26.7 bars steam mixes with ethane at 381 C for
a final temperature after mixing, as above stated, of 427 C. The Mach number at this

5  temperature is 2.8.

The above description is easily followed by seeing the patent drawings. The point is to show
that the rise to 1000 C could not take place over the span of a shqck wave. Accordingly, a
prospective heat rate of 105 K/sec is useﬁ to determine the time for the rise from 427 C to

10 1000 C and the related distance to the shock liﬁc shown in Fig. 2B. The shock line
symb_olizes a shock wave which Shapiro (p. 134) gives at 10-5 inches or less in thickness for

shocks just above Mach 1.

The thickness is also related to the mean free path between molecules. The ratio of the

th

thickness to mean free path is 2 for shocks in the Mach 2 range and higher. To bring the 105

C/sec in perspective, the time for the rise is determined:
t = 573 C/105 C per sec = 0.0006 sec or .06 ms, approximately

20  For an order of magnitude approximation, the mixture at 427 C is considered steam at 1300

R. From Keenan & Kaye Table, the velocity of sound for steam is given as 2100 fps

Mach 2.8 x 2100 fps = 5880 or 6000 fps

-56-



t he pager ID codes and the sign bits in the nonvolatile 5 nenory 20 are

| oaded into a nenory 40 of the CPU 22 (Fig. 1) viaaline 72, while
the extraction control codes in the menory 40 are | oaded intgo a nmenory
42 (al so iBﬂE i inthe CPU.22.) via a line 74. As men®CEIES873346 e,

when t he pager is switched on, the pager ID codes in the non-
Related reactor length is S

) ”_6000 fps x 0.0006 sec = 3.6 feet

5  This length is in the same order of magnitude as the work of Von Rosenberg for the
Department of Energy. However, this rate pales with respect to the rate that would be

required for a 573 C rise in temperature if it had to take place in a distance of 10-5 inches.

This is not to question the rise, but the space-time relationship in which it occurred.

10 Presumably, the temperature started to rise in the so-called mixing zone of Figures 1 and 2B.

In this context, it is noteworthy to compare the work of Ra_miere,l U. S. Patent 4,724,272, He
clearly iilﬁstrates pyrolysis in the mﬁltiple shock zone, as does Von Rosenberg. Raniere’s
Figure 1b shows a steadily rising temperamre there, corre_spondin‘g to a linear -deceleration in
15  velocity. Raniere maintains a supersonic Qelocity above Mach 2 through most of the reactor
where multiple shock or “bottle shof.ks » start to occur. The flow goes subsonic before
entering a converging subsonic diffuser. His reactor processed 1500 tons per day of methane
yielding 43 TPD of ethylene while recycling ﬁethane and hydrogen. He develops a Mach 2
flow at about 3 atmospheres powering the jet and operates the pyrolysis at 500 to 2000 C.
20
These opefating details Are mentioned because they are wideiy different than Hertzberg’s.
They point up the plaﬁsiﬁility of a process according to this invention, whic;,h“provides a wide
'range of flexibility ;and cor_m_'ol with the further benefit for facilitating scale-up which does not

preclude the use of shocks, but presents an alternate embodiment of a reactor designed for
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10 volatile nenory 20 are witten, via a line 76, into the menory 18
In the decoder 16 in order to conpare the I ncom ng pager address code
with one of the pager ID codes. In Fig. 6, the operation
i denti cal R %9318 operation 15 defined by step in Fig. 5 PSTASKEINS by
t he same nuneral .

accelerating high subsonic flows which can employ shocks selectively for mixing and/or

pyrolysis, but which, on the. other hand can operate by the further embodimeni without shocks

at all.

w

In keeping with the total energy aspect of this ihvention and here with respect to the
production of ethylene (but which also can be practiced in the production of synthesis gases) is
the generation of steam in-situ, in the combustor of the rocket engine. When necessary,
additidnai steam can i)e generated just down stfeam from the Tocket engine nozzle where
additional heat can be added as needed.
10
The preferred fuel for the rocket engine is hydrogen. So if more space is needed for steam
generation, the heat fOt this can be provided from ﬁriﬁg the related additional hydrogen either
flowing (preferably) as part of the jet or added secondarily just down stream of the jet. The
hydrogen is prov'ided by an independent rocket ehgine power source as a first stage operation
15 to the foregoing ethylene cracker embodiments described. lOther fuels can be used so long as
the combustion products are free of oxygen and are also chemically compatible with the
pyrolysis function. A jet slightly rich in hydrogen is also compatible in some pyrolysis
operations. Its richness is of course increased for after-jet combustion when additional steam

is required downstream of the jet.
Specification of the Invention - In the pyrolysis of olefins with respect to sonic and/or

" transonic flow Figure 10 is a diagram of a near-total energy steam pyrolysis closed cycle for .

producing olefins in the rocket engine powered transonic mode.
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The first step 50.0of this routine is such as to recei ve an address

code by the pager 10. Followi ng this. the first 1D code is read out of
t he nenor gh 52) and conpared with the recei ved de
(step 54) Kw&%&éﬁé decoder 16 (Fig. 1). 1In step 56 it is determ neésf“? t he

conparison_results in a match or not. In the event that
The alternative mode whereby the flow is near-sonic and continuously sub-sonic throughout is

-not configured.
Of course combinations of the two modes are still in the context of this mvenuon as readlly
5 understood by those knowledgeable in the field of gas dynam1cs, pamcularly when there is a

transition from gas dynamics in-situ to sub-sonic flow of the venturi type in fluid mechanics.
Turning now to Figure 10:

10 1001 is a rocket engine combustor designed for temperatures up to 5000 F and relatively

unlimited pressures. 1002 is a DeLaval nozzle designed in the range of Mach 0.8 to 5.

Steam is generatéd in 1001 in-situ by injecting water into the Rocket engine combustor.

When additional steam from water is required in the brocess, this takes place in diffuser 1003
15 which_._ in this case, is powered and served by DeLaval nozzle in the Mach 0.8 to 0.9+ range

whereby the combination of 1002 and 1003 c;omprise a venturi wherein additional water is

metered in for steam generation.

When additional steam is not required, the nozzles 1002 and 1003 are designed for super-

20 sonic flow in the range of Mach 1+ to 5.
* In either case, nozzle 1004 and diffuser 1005 are transonic for delivering super-sonic flows

into duct 1006, which is preferably constant in cross-section (although a slightly diverging

duct is permissible). In either case, the design and related process flow is preferably
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the two codes do not coincide, the routine goes to step 58 wherein it

Is determned if all of the I D codes which are currently | oaded into
menory 18 have been conpared or 25 not. In the event of a negative
out cone, t YEOP8AS1e goes to step 60 wherein the next |BCTMS27/23946 ead.

In the event that none of the ID codes nmatches the
programmed to emerge from 1006 in sub-sonic flow which can be increased in pressure bya

slight divergence in the extension (not shown) of duct 1006 before converging severely in
1007 into close-coupled expansion turbine 1008 which exports power P, which may be

optionally applied to turbo-charging or in the generation of electricity, AC or DC, to be used

5  preferably within the process.

Accordingly, what .is being described is a quasi-closed loop for near total energy conversion
where the principle soux;ce of power (in keeping with this invention and that of the many
previous embodiments) is the rocket engine power source 1001 as a pressure-temperature

10 cascade whereby the turbine 1008 converts part of said power into export power P which can
be returned to the cycle without specificity as practically applied by one versed in

conventional process engineering.

Continuing now in the loop, the flow passes into condenser 1009. The cooling water (not
{5 numbered) indicated by arrows, is preferably deployed and further heated as the source of
steam to be fed into a first stage rocket engine power source and conserved energy reactor

which supplies hydrogen or hydrogen containing fuel gas into combustor 1001 through line

1022 of thé second stage rocket engine..

20 The oxygen requirement for firing combustor 1001 can come in on line at system pressure, or
be compressed by the efficient power source of previous embodiments. For this mode the

oxidant is represented on Figure 10 as oxygen. An alternative mode using air would require a

similar compressor means.
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recei ved address code, the routine | oops back to step 50 to await the
next address code reception. 30 However, in the event that a match
i s made th?;) sﬁ routi ne proceeds fromstep 56 to step %2. In this

step ; %5*83 checked to see if the received control cO&a/EY723%46 ;g

detected. If the answer is negative, the rressa?e
A further process can involve additional hydrogen‘ 1015 down stream and distributed to the

pyrolysis reaction in zone 1 via 1003 with the feed stock and/or as 1016 into zone 2 via 1004
and/or zone 3 via 1005. In each case the flows are to be controlled and metered by suitable

means, as with all flows in the process in order to govern the prescribed stoichiometry.

7}

The alternative functions of duct 103 are£ to produce more steam as needed, to generate high
subsonic flows or to produce high supersonic flows with respect to jet 1002. Each m;)de,
each design and_cbor'dinated flow specification are tailored to meet a programmed pfocess.
These functions havé been previquslj described as. an interrelated series of ducts 1002, 1003,

i0 1004, 1005, 1006 and 1007.

This series is further described as functions in zones 1 through 4, particularly with regard to
‘the right and left hand end of duct section 1003. Accordingly it_ converges to the right for any
one of the following functions for:

15 A. Accelerating high subsonic flows to 'an.d through its right hand nozzle extremity
from an overall venturi action frqm jet 1002 on the left;

B. Buil&ing up an adequately high static head at duct 1003’s largest intermediate
cross section so as to produce a transonic jet at ifs right end nozzle, thereby producing a high
supersonic flow from zo;;e 1 to zone 2; and continuing in supersonic flow to selectively

20 produce “bottle” shocks or a normal shock in zone 3.

C. Developing an adequately high Mach number (up to mach S or higher) as needed at
jet 1002, so that in producing a transition shock as the flow enters the right hand or
converging contour of duct 1003 enough static head is retained to selectively produce a high

subsonic velocity or a lower supersonic velocity at the right hand nozzle of zone 1.
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That

codes such as Al, A2, .. A6 are sequentially arranged in 35 step 64.

Is to say, the nessage codes are converted

WO 98/30518 PCT/US97/23946

Although.the cascading Mach sequence just described effects a decelerating flow through zone
1, the cascade can be governed by selecting a stagnation pressure in the rocket engine
combustor 1001 in coordinatiop _with__ jet 1002, so that the flow, as sated above, throu_gh the
right hand end of zone 1 is either a high subsonic or an adequate supersonic flow.
Notwithstanding the deceleration, the ducts 1006 at_xd 1007 (relating to zones 3 and 4) are
further correlated and are thereby contoured to accelerate the flow as earlier described. In
this way the flows through zones 3 and 4 for cases A <B and C are similarly accelerated.
Furthermore, for all cases the foregoing functior')s.for flows through zone 1 will hold

irrespective of steam generation therein.

A main objective of this invention'is to accommodate a wide range of feed stocks and
production resulting in a wide range of floWs, as well as to facilitate scéle-ui) from prototypes.
It is therefore by no means limited to 4 zones, provided the functions .of zones 3 and 4
become 5 and 6 for example. In this event zone 1 would repeat as zones 1 and 2 with zones 2

and 3 becoming 3 and 4.

On the other hand for some processes a shorter series can be applied. Accordingly,
intermediate zone 2 can become the right hand of zone 1, thereby discarding the right hand

end of zone 1, and so forth.
The condensed steam and product gas from condenser 1009 are separated in 1010. The

product gases, largely olefins, are exported for further processing and use. The warm water

separated is pumped by 1011 to become the water 1013 for regenerating the pyrolysis steam in
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nozzle diffuser .1002-1003 after by-passing excess water at station 1012. Remm water flow
1013 is shown divided into flow 1017 for high pressure injection into combusfor 1001 and/or
as high or low pressure flow just down stream of the jet. Water 1014 at low pressure from an
outside s;ume is inter;ded to mainly for_startup and as a t__ri;m_ning function for latgl_'

adjustments for steady state flow.

As an added function, steam 1014 is bled zind by;passed through control valve D for
minimizing or largely eliminating the boundary layer developed by “bottle shocks” which
develop boundary layers in ﬁonstaﬁt area ducts. This steam can be jetted in at the beginning
of or through the boundary layer region, through perfdrations, slits or forced through porous

media.

Another embodiment émploys steam 1021 as a trimming function and alternatively to
effectively replace all or most of the in-situ steam generation. It does this while still retaining
the quasi total energy objective of this invention as well as the fluid and gas dynamic functions

above described.

Steam feed 1021 can also be provided with dirty steam which is available in some plants.
Clean steam can be supplied by é separately heated steam generator or boiler which is
integrated with the pyrolysis éycle. Accordingly, condensate 1013 instead of ﬁowing for
distribution into the rocket engine _com_p,lcx-as' shown in Figure 10, now is .directed through a

purification process before being returned to the boiler.



Into the correspondi ng characters using the table shown in Fig. 3

(step 63) and then displayed at step 66. In the event of a
positive outcone in step 62, viz., the received S1 control code is
det ect ed, WPRBIMBt i ne PCT/US97/23946

20

The advantage of the boiler embodiment is that it minimizes the quantity of hydrogen for the
pyrolysis cycle. In the preferred embodiment, the boiler is provided with its own rocket
engine power source which delivers fuel for the boiler as previously described for the other

boiler embodiments of this invention.

When the boiler is specified exclusively for the pyrolysis cycle, the preferred fuel gas is
delivered by its rocket engine power is hydrogen and carbon dioxide because it can be
produced in excess, so that the excess is bypassed to fire the complimentary rocket engine
powering the pyrolysis train_. This firing is programmed to adjust or increase the temperature
of steam from the boiler entering the same rocket'-en'gine combustor at a common controlled
pressure. The carbon dioxide accordingly compliments and augments boiler steam as the
pyrolysis medium. When air is the oxidant, the pyrolysis medium becomes steam, carbon

dioxide and nitrogen.

This boiler can also be designed to produce an additional quantity of steam for powering a
steam turbine, as a compliment to turbine 1008, thereby providing.adjustment toward the total
power for the process. Another advantage of the boiler embodiment is that it minimiz_es the
oxygen or air requirement and ac;ordingly the mechanical compression required for powering

the rocket engine for the pyrolysis train.

The pyrolysis train can also be a small process addition to a large steam generating plant.

Accordingly, all the previously described functions and combinations are similarly applied.

-64-



5 goes to step 68 wherein the received control codes S1, Cl1, C2, C3,
C4 and S2 are extracted by detecting the |ast control code S2.

A T eI ol ALY =

this, t heRc;,stli.ugnri]ngl ggain lt)(|> Ehedtﬁ)rx]ls)l;o?lgr gt%bgr?i?nernte,ctﬁé g%?erggdq %u%i) lgasctg%% p%zoviidgd \t,'\gri tthE: en
rocket engine powering the pyrolysis train is hydrogen and carbon dioxide. The hydrogen is
fired to produce steam in-situ from wéter. Accordingly, less steam and less hydrogen is
required, because of the carbon dioxide corhplimen_t; and , of course, su]l —l—ess is requi;ed if

5 the hydrogen is fired with air, because of the nitrdgén compliment for the pyrolysis medium

as described for the boiler embodiment.

The main source of .power fonf the cycle is the cascading temperature and préssu_re developed
in the rocket engine combustor. Tﬁe controlling parameters for the cycle are the prescribed

10 temperature and pressure to developed for the pyrolysis reaction wherever it is programmed to
occur. To thé extent that the pyrolysis pressure ﬁ:an be favorably increased for the desired
chemical reactic_m, it is preferable to build up pressure so as to increase the turbine export
power toward.approaching the p_ﬁmping powef required at 1011. In low pressure reactions,
the balance of power is approached by increasing the flow _'in line 1018 while controlling the

15 flow in line 1017 toward zero. The balance is ﬁlrther improved when enough power is
generated for driying the compressor 1020 which delivers the cracked gases through line

1014.

Not previously mentioned, some éondensate can be recycled. and applied as a quench medium
20" just prior to convergiﬁg duct 1007 to assist when necessary as an additional way to reducé the

tempicra_ture of the flow after pyrolysis in order to set the olefin reaction. The incregse in

mass flow through thé turbihe serves to offset to some extent , the loss in power due to related

decrease in turbine inlet temperature.
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into the bit position according to the correspondi ng pager 1D
specified by the control codes C3, C4 (step 70). After the sign
is rewitten, the routine goes to step 64 wherein the nessage

bi t

codes B1,WRPISA0518 5, 15

t hen

di spl ayed at step 66..
In summary, two principle embodiments have been presented with respect to a second or

common final stage reactor train as shown in Figure 10. In the first case, the ﬁrst stage
comprises a cascading rocket engine source of fuel gas and power for the final stage, and
sieam is generated in-situ. In the §§go_nd case, the first ;tage comprises a boiler rocket engine_
complex whereby the béiler provxdes the steam and pressure largely for the second staée; ind
the rocket power source provides the fuel for the boiler and a prescribed fuel gas excess for

the second stage.

Each two stage complex represents a quasi-total energy reactor cycle for equilibrium and no-
equilibrium chemical processes whereby practically all of the mechanical compressive energy
inside the loop converts first to heat and then to chemical energy and sensible heat in the

product chemicals.

Further, it can be readily deduced by those familiaf with states of the art in fluid and gas
dynamics, as well as the production of steam, thét finally the rockét engine source of power
and fuel described from the onset of this invéntion, including the boiler variations, can also be
applied for kinetic control in equilibrium reactions as described with respect to Figure 10 for

pyrolysis reactions relating to the production of olefins and diolefins.

In cdﬁclusion the disclosure of this invention involves dispensing power in a cascadé to
one or more prime movers, expansion turbines for example so fhat fhe ultimate delivery is
electricity or mechanicai work. Within the cascade action, hydrocarbon fuels or other
carbonaceous matter are subjected to an aerothermochemical driving force, a relatively

unlimited stagnation pressure and combustion temperatures up to 5000 F for delivering jets of

-66-
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Fig. 7~ shows a flow chart which depicts the steps whi ch characteri ze

t he pager's operations in a nornal node wherein the message signal
contai ns ngyoréuMes@ 20 codes. Steps 50, 52, 54, 56, 58 an Fq% .7
are respectively identical with the Fig. 5 steps Iabellg’ é}t"zvg\% h

t he sane

wn

rc‘%rﬂ%&&'ng ?‘ggﬁulg&&? ' 90' ng(lm\;bgrgg a%ﬁfocrri b %nscarbonaceous matter introduced
downstream. The consequehce is the production of a fuel gas that is more economical and
more physiochemically suifable for the prime mover. The exhaust from the prime mover is
then suitable to a cycle whereby it is recompressed anci delivered at top pressure to the top of
the éaséﬁde. The part of the exhaust that is bypassed for export can bé used to preheat the
oxidant and fuel entering the cycle for the reéompression of the exhaust. The fuel for
recompression provides a substantial bart of thé top combustion pressure requirement.
Similarly accounted fuel can also be applied for jet propulsion entrainment _at one or more
locations downstfeam of the top jet; .that is, between the top jet and the -hegd of the turbfhe or
other prime mover where the fuel gas js fired at the design temperature and pressure.

;I‘he reactor can transform and provide reactant products for any purpose, with or
without producing electricity. Further, waste heat can be applied to an endothermic heat
requirement for many reactions similar to those described in this invention. Hydrogén and
synthesis gases are provided for ammonia, methano!l and other petrochemicals. Ethylene,
acetylene and other cracked pyrolysis products are provided for downstream refining and
petrochemical operations. Mixed reactions with solids such as iron oxides and sponge iron
for steel mills and fuel cells aiso produce exceptional results with this invention. Finally,
temperature and pressure largely are depended upon to drive reactions to completion through
one or more transonic zones. By metered and controlled stoichiometry, with reactions taking
place in milliseconds and with the intense gas dynamic action described, kinetic coﬁtroi in
process -operations can be developed over relatively short time spans. Metered and staged
stoichidnetry in "a kinetically controlled reaction -environment results in - autothermal

quenching. If desired, conventional quenching to freeze intermediate reaction species may be
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thereof will be omtted for the sake of brevity. .
the case of a positive outcone at step 25 56, the routine goes on to step
- 100 wherein the nessage codes are successively arranged as above

ment i onedWO 98/305k%| | owi ng this, at step 102, it is determ nBETAUSIHIIEG| gn
bit assigned to the coincident pager |ID code has been set

employed. Also, catalysts may additionally be employed to promote reaction at less severe

In Fig. 7, in

operating conditions and achieve concurrent removal of sulfur and other poliutants.
Applying the power source described in this invention to a whole variety of electric

power. chemical and other process uses can fill a great need in industry and the world.
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to inhibit nessage reception or not by referring to the 30 content of the

menory 40 (see Fig. 6). In the case that the sign bit in question is
set to C%V&I sage receipt is permssible, the rout% s to
step 106 rein normal display is inplenmented and al ert signal’s
are issued.
- CLAIMS
What is claimed is:
1. A selective energy conversion source of synthetic fuels, hydrogen and/or

5 .rélat'ed combustion po%werl com'prisiﬁg a rocket engine topping stage provided with fuel and
oxidant capable of ﬁring up.to 5000 F and higher with relatively unlimited stagnation
pressures whereby said engine powers a jet substantially ﬁch in steam to admit and propel one
or more fluids in a near adiabatic tunnel, whereby said fluids are first pressurized by at least
one prime mover for delivering said fluids at conforming pressures into the nozzle section of

10 said rocket enginé and/or downstreém nozzle sections in said tunnel and further whereby all

the mass and substantially all the heat and energy delivered by said prime mover, including
recompressed exhaust from said prime mover, are conserved and come together in said tunnel
as a unified fluid at a controlled temperature .and pressure at the end of said tunnel as a source
of said fuels, hydrogen and power;

ts 2. The process according to claim 1 whereby a substantial portion of said fuels

and/or hydrogen are recycled to substantially fuel said rocket gngine and/or at least one said
prime mover;
3. A source accbrding to claim .1 whereby _said fuels and hydrogen are clean fuels;
4. The proc.ess accofding to claim 2 whereby said fuels are fired to power gas
20 turbines and expansion turbines;
5. A source according to claim 1 whereby synthetic fuels are produced by said

transformation reactions occumng in any one or more reactors interspersed between said

\\|l\||\ \\\l\\ Ill\\ I \\ W

nozzle sections;
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However, if it is determned that the sign bit which

WO 98/30518 PCT/US97/23946

6. The process according to claim 4 whereby said fuels are fired for generating
steam in a boiler which can power a steam expansion turbine, whereby a porﬁion of said steam
and/or a portion of the exhaust from said turbine recycles into the nozzle section of said
rocket engine and/or the nozzle sections._o_f said tunnel for providing said fuels;

7. A source according to claim 5 whereby said fuels are produced is excess to the
requirements for said boiler and/or said turbine for other uses;

8. A source according to claimll whereby hydrogen is produced by said
transformation reactions occurring in any two or more reactors interspersed between said
nozzle sections;

9. The process according to claim 4 and claim 7 whereby said fuels and/or
hydrogen are produced by transforming hydrogen containing matter, water and/or steam
which are introduced into any one of said nozzle sections to react with said steam rich jet;

10. 'fhe process according to claim 8 whereby said synthetic fuels and/or hydrogen
are tired to power gas turbines and expansion turbines;

11.  The process according to claim 3, claim 4 and claim 7 Whereby said gas turbine
is relieved from any in-cycle compression load and said expansion turbines are precluded from
any in-cycle compression load;

12.  The process according to claim 1 whereby said prime mover also recompresses
additional recoverable material for delivering same in conforming pressures into said nozzle
section of said rocket engine and/or said down stream nozzle sections in order to augment the
mass flow of the rocket engine;

13.. T he process according to claim 11 whereby said addiﬁonal recoverable material

is a substantial portion of the exhaust from said gas turbines and/or expansion turbines.

I T
ANRIACA
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14. A source according to claim 4 and claim 7 whereby nitrogen and hydrogen are
provided for ammonié synthesis; |

15. A source according to claim 13 whereby said hydrogen is provided for other:
use; |

16. - The process 'ac.cording to claim 1 whereby s;id fuels and hydrogen containing
matter are |
not acceptably clean when delivered at the end of said tunnel, so then are purified by
acceptable means before being used in said gas turbines, expansion turbines and other prime |
movers.

17.  The process as in claim 13 whereby said portion , in recycle, of said exhaust
significantly exceeds the mass balance for continuity and the heat balance with respect to the
power exported by said turbines then the excess heat and mass which is adiabatically
contained is transformable, in part, to fuel which can replace, by external recycle, a
substantial amount of the fuel required by said rocket engine and/or said prime mover.

18.  The process according to claim 4 for producing ammonia synthesis gas in one
stage with'methane or natural gas as feed stock whereby a fraction of said feed is fired at a
suitable pressure with air and water to produce a jet rich in steam from the rocket engine
whereby the constituents of said jet react autothermally with a prescrii)ed quantity of said feed
stock metered into the nozzle section of said engine and/or into the nozzle sections inside of
said tunnel and down stream of said engine so that react_ivity is enhanced with jet flows up to
transonic velocities which then produce shock waves as necessary to deliver ammonia
synthésis gas with carbon dioxide from said tunnel for separation ;md purification. - -

19.  The process according to claim 4 whereby two rocket engine stages are used

‘with the first stage providing carbon dioxide and hydrogen which are fed into the nozzle

/
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corresponds to the coincident |ID code has been set to "1" t hen the
routine goes to step 104 wherein the nessage is abandoned or ‘
di sregarded and thus it is not exhibited on’ the display 30 without

i ssuance WWO9830588:di bl e signal 5 fromthe speaker 24. PCT/US97/23p46 t he
above di scussion, the two control -codes S1,

section of the second rocket engine and/or the nozzle sections in the tunnel coupled to said
rocket engine, whereby a fraction of the feed methane or natural gas is fired with air and
water in each staged combt}ﬁtc_)_r to produce heat and jets rich in steam and any unreacted
oxygen for subsequem complete oxidation uitimately producing hydrogen and nit_rogen in the

5 fight ratio autothermally for ammonia and carbon dioxide to be delivered from said tunne] for
separation and purification.

20.  The process according to claim 18 and claim 19 whereby additional fuel is
produced which is recycled to make up for a substantial portion of the fuel required for said
prime mover.

10 21. The process according to claim 18 and claim 19 whereby said reactions
produced aufotherrnally are enhanced by catalysts.

22. A process comprising an expansion turbine whereby the turbine output is
substantially free for useful shaft work with the substantial portion of.the fluids expanding
through said turbine, producing said work, which results fro_m recompression in stages by at

15 least two independ.ently powered compressors which create pressure for delivering said output
and further whereby practically all the energy provided for said recompression is conserved
in an adiabatic tunnel including

“A. the heat and mass and total energy of said flow, and

B. the heat and mass of the fuel fired

20 23.  The process according to ciaim 22 wheréby said expansion turbine is a
combustion turbine and said heats and masses arid total energy coming together are conserved
in said tunnel and are driven into the head of said turbine in a pressure' cascade;

24 The process according to claim 22 whereby said expansion turbine is a steam

— - AR RO 1

turbine;
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Cl are followed by C2. However, one of S1 and Cl1 may be deleted if the

control code extraction is assured. Further, the pager |ID code is
speci fied od Y316 ONt rol 10 codes C3, ¢4 for indicating a ek I D
codes in g@é{ F‘r%nner of so called nulti-branching. HoweverP,E'Hlt |%g46

within the scope of _the present j|nventi,on
5)5. “The pro%ess according o claim 2& 8hgr% 3? El‘?e foel for said combustion is fired

with oxygen;
26.  The process according to claim 23 whereby the fuel for said combustion is fired

with air;

v

27. .' Tﬂe process aécording. to claim 23 'lwlllen the mass of Ebmﬁustion products
expanding through said turbine is equal in mass to thé mass when air is useﬁ, the work output
is equal but a lower turbine inlet temperature is obtained than when using the equivalent mass .
flow for said air;

28. The procéss according to claim 27 whereby the temperature with respect to
10 oxygen is increased to match temperature with respect to air for equal mass flows, then the

output with respeci to oxygen is significantly greater than for air;

'29.  The process according to claim 23 whereby the heat capacity for the mass flow
through said turbine can be adjusted by controlled recycling and with respect to firing with
oxygen control flexibility is considngably greater than said control flexibility than wheh firing

15  with air, and which for the same mass, results in lower turbine inlét temperature.

30. In a gas turbine process whereby tﬁe output of the turbine is substantially
reduced by reducing_ the load of its combustion air compressor on the same shaft, whereby |
said load is substantially' eliminaicd by a system of at least two independently powered and
staged compression operations recompressing the greater portion of the exhaust from said

20 turbine whe'réby the heats aﬁd mésses and total energy from said operations come together
'Inear'totally conserved in a near-ac'liab_atic tunnel ;\nd are driven thereby in a pressure cascade
into the head of said turbine.

31. A process of producing power comprising:

WA 1L
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oe definition is not

H“lhe above disclosure is
f the pr esent
| the

o
enpl oyed. 15 It-will be
C i nvent i on PCIGYIR}P4Ps not

representative of only one poss
I nvent i oONVQPRIBASEt t he concept  on
specifically limted thereto.

providing a turbine adapted to generate shaft work, said turbine having a combustor;

of C3, &4 if such a rrultl-branchilrﬁ | D

and a rocket engine having a nozzle and a compressor means;
feeding fuel and oxidant to the rocket engine and the rocket engine compressor means;
feeding carbonaceous matter and water and/or steam to the rocket engine nozzle;
5 processing the output of the rocket engine nozzle.into fuei for the turbihé; |

introducing said fuel and oxidant for the turbine to the turbine combustor;

passing the combustion products through a turbine;

recycling a substantial por.tion of the hot e-xhaust from ihe turbine to the rocket engine
compréssor means; and

10 controlling the inlet temperature to the turbine.

32. The process according to claim 31 wherein said output from said rocket engine
nozzle and said recycled hot exhaust gas from said turbine are transforme_d. in a near-adiabatic
tunnel into said fuel for said turbine.

33.  The process according’ to claim 32 Wherein said transforrﬁation in a near-

15 adiabatic tunnel into said fuel for said turbine comprises introducing carbonaceous matter and
water and/or steam into said output of said rocket engine nozzle downstream of said nozzle at
speeds sufficient to transform said carbc'macebus matter into said fuel for said turbine.

34. Tﬂe process ac;cording to claim 33 wherein said carbonaceous matter and said
fug_l are selected from the group consiéting of crude oil, petroleum fractions, coal, char,

20  biomass, natural gas liquids and methane. | |

35.  The process according to claim 31 wherein said transformation occurs in one
traﬁSfonnétion reactor or a group of transformation reactors.

36. The process according to claim 35 wherein water and/or steam is introduced

into said transformation reactor or group of transformation reactors, thereby reacting in said
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WO 98/30518 | PCT/US97/23946
reactor 61' reactors with said output of said rocket engine nozzle and recycled output of said
COMPressor means to fdrm hydrogen.

 37.  The process according to claim 36 wherein at least a portion of said hydr.ogén'

is diverted to one or more downstream uses selected from the group consisting of fuel célls,
ifon oxide reduction reactors, other turbines, and chemical processes. - |

38.  The process according to claim 31 wherein said transformation occurs in a
group of transformation reacto'rls and the pressure in said output of said rocket engine
compressor means is controlled to coﬁform with the pressure in each transformation rea;:tor.

39.  The process acéording to claim 31 wherein a portion of said hot exhaust from
said turbine combustor is compressed in an intermediate compressor for interstage heat
additions between two or more stages of .said turbine.

40. The process according to claim 31 wherein said 6utput of said rocket engine
nozzle exits from said nozzle at transonic spggd__s.

4}1.  The process according to claim 31 wherein catalyst for said transformation is
introduced into said output of SAid rocket engine nozzle.

42, The process according to claim 31 wherein said shaft work is for electrical
generation.

43.  The process according to claim 31 having more than one turbine and more than
one combustor and more than one electrical generation means.

44.  The process according to claim 31 wherein supplemental or interstage oxidant
is added to said turbine combustor(s).

45. The process according to claim 31 wherein oxidant is introduced in said

expansion turbines at controlled temperatures.

* € L M 5 x
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| 46. The process according to claim 31 wherein one pmduci of said transformation
is hydrogen.
47. A process of producing power comprising: L

providing a steam turbine adapted to generate shaft work; and a rocket engine having a

nozzle and a rocket engine compressor means;

w

feéding fuel and oxidant to the rocket engine;
feeding carbonaceous matter and water; and steam or a water-steam mixture to the
rocket engine nozzle;
processing the output of the rocket engine nozzle into a heat source for a'boiler;
10 boiling water in said boiler to produce water vapor;
using the resultant water vapor to power said steam turbine.
48.  The process according to claim 47 wher_ein_sai_d c_lean water is introduced in an
approximately equal weight ratio or more Wi_th hot exhaust from said steam turbine.
49.  The process according to claim 48 further providing a heat source for a second
15 rocket engine power source. transfdrining the output of said second power source into a fuel
product. |
50. The process according to claim 47 wherein said fuel product comprises
hydrogen.
S1. The_ process according to claim 50 further inch_lding providing
20 a heat exchangef; |
a third rocket engine having a nozzle;

a turbine having a combustor;

feeding fuel and oxidant to said third rocket engine; _ “!I"Icl "'IlL' l“p“ “ILI “ |!II
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1.

A nmethod of rewiting nessage receive control information which has

been stored in a radio pager, a plurality of pieces of said nessage receive

control

| D codes

15

20

pws?jﬁg 8g/on bei hg respectively assigned to a pl uralplcjtrxjsg;njpﬁ er

directing the output of said third rocket engine nozzle into said heat exchanger so as to
cool said 01_1tput' and to superheat st:am'from said boiler; and
"___transferring the resultant superheated steam to said steam turbine.
52.  Apparatus fof generating power from fuel comprising:
a ga# turbine having a combustor; o
a rocket engine having a nozzle and a compressor means;
meané for feeding fuei and oxidant to the rocket engine and to the rocket engine
COMPressor means;
means for feeding carbonaceous matter and water, steam, or a mixture of water and
steam, to the rocket engine nozzle;
 means for processing the output of the rocket engine nozzle into fuel for the turbine
combustor;
means for introducing said fuel and oxidant for the turbine to the turbine combustor;
means for recycling hot exhaust from the turbine to the rocket engine compressor
means and controlling the inlet temperature to the turbine.
53.  The process according to claim 1 whereby said cycle as a first stage power
source provi.des for the production of hydrogen by a reaction of water vapor with any one of

the following reacting carbonaceous materials in the conserved energy reacting system by

-order of preference:

1. methane
2. - natural gas
3. " coal carbon
R
4, . biomass - — T

T

s o A N A
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allocated to said radio pager and indicating if a nessage directed to the,
correspondi ng pager 1D code is acceptable, said nethod conprising the

- steps of: (a) receiving, at said radio pager, a addr ess
code whi WO ued FoRFInsdt

6. any hydrocarbon
whereby said reacting system which is activated by up to a tfansonic flow of the combustion
products and additional entrained combustion products, whereby the energies for both said
combustion products are developed by firing oxygen and any _fuel that is compatible with said
5 reaction and Whereby the energy of said additional‘products provide the compreséion energy -
for said transonic flow so that the hydrogen produced accordingly can now be divided into
three tracks for three interrelated processes whereby
1. the hydrogen in track one empowers a fuel cell operation and the
resuiting water vapor exhé.ﬁst» ina pressure cascade from said first stage ﬁower
10 source flows on to fire with oxygen as the combustion energy for developing
power by expanding the i:ombuétion products of said energy; -

2. the hydrogen in track two is directly applied in combustion for
developing additional power which combines with that of track one by
expanding its combustion products; and

15 3. the hydrogen of track threé combines with the carbon dioxide (which is
produced and separated fro_rn' hydrogen before the hydrogen is divided into said
three tracks) whereby both 'a.re now empowered by the comrhanding pressure of
the first stage to deveiop a second stage pressurized jet, without combustion,
v;hich in turn activates a second stage conserved energy reactor in which said

20 | &ack t&w hydrogen reduces iron oxide, Fe304' injected into said reactor just |
downstreém of 'said jet so .accordingly the following result in: |

A.  Sponge iron (Fe) is produced

A

[ — LJ




PEEE__ s
by nmessage infornmation; (b) ' pager address code
with each of said pager ID codes ever”m“amﬂlmﬂuﬂﬂmager | D codes are
I noper at | Ygo 9873018 | erom 8 PCT/USI7/23946
B. " Carbon dioxide and water vapor still under pressure supplies
_ additiona_l heat under said pressure to flow to and combine with
other cdmbustion products in expanding. to develop said power
54. The process accordmg to claim 53 whereby any one.;f. "sald tracks can operate
5 alone and 1ndependently

55.  The process according to claim 53 whereby track one and track three are shut
down and track two provides the power for off peak loads.

56.  The process acco'rdjng .to claim 53 whereby any one of the said three track uses
of hydrogen cah be independently processed.

10 57.  The process according to claim 53 for the third track when the carbon dioxide
from the first stage power source is low préssure or by-passed, whéreby a portion of hydrogen
from said stage is fired with oxygen in the rocket engine combustor of the second stage and
the remaining hydrogen is metered into the nozzle se;tion of said rocket engine combustor to
admix metered in at least stoichiometric proportion with the 'iron oxide metered into said

15 nozzle section and/or additional nozzle sections down stream of in the reactor section to
produce sponge iron.

58.  The process according to claim 57 whereby the sponge iron is delivered into
the rocket engine nozzle section and/or down stream nozzle sections in a third stage operation
whereby thé sponge iron reacts with methane, which is partially oxidized in the combustor of

20  said engine, so that the resulting jet with excess methane in suitable proportions reacts with
said sponge iron to produce iron carbide and hydrogen.

59.  The process according to claim 1 for the production of iron carbide in at least

two

steps whereby methane is partially oxidized in a last stage rocket engine combustor

e
-
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(c) entering into a nessage transm ssion waiti ng state if the pager
address code does not coincide with any of said pager |ID codes;

(d) checking to determine if control codes are present wthin said
nessage WO 98/30518 . PCT/US97/23946

providing a jet with an excess methane fraction or methane is metered into down stream
nozzle sections in suitable proportions for reacting with sponge iron delivered into the
nozzle section of said engine and/or down stream nozzle sections producing said iron

carblde and hydrogen whereby said hydrogen is then recycled into a suitable previous rocket

60.  The pyrolysis process according to claim 1 for cracking methane and largely

5 engine reactor to reduce the iron oxide thereby producing a substantial amount of sponge n‘on.'

paraffin feed stocks to largely olefin and diolefin mixtures, methane to ethylene/acetylene and

ethane to ethylene for example, whereby a largely steam source is developed in a rocket
engine combustor to discharge a transonic jet to interact with feed stock metered into the
10 nozzle section of said engine and/or down stream nozzle sections with said jet accordingly

cracking to discharge ethylene and steam for suitable separation.

61.. The process according to claim 60 whereby stagnation temperatures up to 5000

F and higher and relatively unlimited stagnatio'n nressures can be developed in said
cornbustor. |
15 62.. The process according to claim 60 and claim 61 where the downstream reactor
comprises at least three optional cracking zones for flexibility locating precise shock iones
under various flow velocities and shock related pressure differences for a substantial range
offered by said relatively unlimited stagnation pressure in said rocket engine combustor.
63.. The process according to clnim 62 whereby eaeh of said cracking zones is
20 preceded by a nozzle section for additional reactante and supersonic flows.
64.  The process according to claim 62 and claim 63 whereby additional shock
flows can be symmetrically oriented around the central flow at critically strategic positibns as

sought by adjusting the synchronization of said shocks by selectively precise control of said

flows.
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information i.f the pager address c'ode coincides with one of said pager 1D
C?d?ﬁ; and . (e rewiting one piece of said plurality of pieces
o 5 e : . . ,

-w%a&%ogfscel ve control information by using said c%lgé”%g&%s.

65.  The process according to claim 64 whereby hydroget; is introduced in
conjunction with said additional shock flows and said control.
66.  The process accofding to claim 60 for producing ethylene whereby synthesis
gas co-produced is the pyrolysis gas in a first stage supply in addition to producing some
5  synthesis gas for export and an additional amount is .ISIOVided m recycling 'as a substantial
source of fuel for said rocket engine and/or said 'prime mover so that by difference of the total
synthesis gas flow, sufficient synthesis gas is provided for the production of ethjlené
: adcording to the followiﬁg procedt;re whereby synthesis gas at high pressure is delivered in
prescribed quantity into the combustor of a second stage rocket engine and fired therein to
10 -produce a suitable pyrolysis jet for cracking fnetha'ne metered into the nozzle section of the
rocket engine and/or one or more ndzzle sections down stréam of the nozzle to said last stage
rocket engine ;
'67. The process according to claim 66 whereby' said cracking occurs at one or more
shock waves
15 68.  The process according to.claim 67 whereby supplementary shocks occur and as
a consequence of compatible matter as supersonic ﬂows are directed into one or more nozzle
sections down stream of said jet;
'69.  The process according to claim 68 whereby said supersonic flows are organized
as one or more symmetrical pairs angling into and fairing into and along the main flow
20  produced by said engine jet as admixed with a prescribed amount of ethane ldirected into said
ehgine nozzle section and/or one or more said nozzle sections down stream;
70. the'. proééss according to claim 67 and claim 68 whereby the shock waves

produced by said engine jet and/or those produced by secondary supersdnic ﬂowS are suit'ably

e
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2.

A method as claimed in claim1, further conprising the step whereby

when the control codes are detected in the nmessage information in step (d),

a subscriber of said radio pager is informed of the content of the nessage
i nf or mat i wi.98/30518 . ' PCT/US97/23946

10

20

coordinated with respect to plausible cracking time ranges and the velocity of the main stream
to take place in any one or more locations designated for the entry of said supérsonic flows;

71.  The process according to claim 70 whereby suitable arrangements are made to
at least partially quench the product flow by use of the ports at the next nozzle section location
from said cracking location thereby delivering said ethylene and éome steam for further
quenching and separation beyond this process;

72.  The process according to claim 70 whereby carbonaceous matter is also
produced in the first stage for producing the synthesis gas required for pyrolytic cracking in
the production of ethylene and other petrochemicals;

73. A process for a cracking _reaction or other chemical reaction, whereby a largely
steam source is developed in a rocket engine combustér to di§charge through a transonic
nozzle to interact with feed stock metered into the nozzle section of said engine and/or into
one or more down stream nozzle sections whereby said cracking or other chemical reaction is
programmed at least at one reactor station between said nozzle sections over a range of flow
velocities and steam-to-feed ratios thereby respectively resulting in the products of said
cracking or other chemical reaction; . |

74.  The process according to claim 73 whereby said feedstock is optionally directed
into the high pressure side or low pressure side of said transonic nozzle and/or into the high
pressure side or the low pressure side of said downstream nozzle sections;

75.  The process according to Claims 73 and 74 \%/hereby said reactor stétions
comprise optional shock zones for flexibility in locating more'precise cracking over said range
of flow velocities for various flows and relative pressure differences for a substantial range

offered by said relatively unlimited stagnation pressure in said rocket engme combustor;

— ' | \\Il\ll\ I A R
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3.

A nmethod as clainmed in claim1, further conprising the step whereby

when said radi o pager i's powered on, said pager ID codes are read out from

a non-

volatile menory into storage neans provided in a deﬁe‘gﬁfsﬁw}wi ch

the conpal@78aPts,

L

76.  The process according to Claims 74 and 75 whereby said feedstocks entering
into said nozzle sections are accelerated to transonic velocities by the parent jet from said |
rocket engine which is programmable up to Mach 5 and higher;

77. ' The process according to Clalm 76 whereby hydrogen is introduced in
conjunction ‘with said steam and/or into said down stream nozzle sections;

78.  The process according to Claim 77 whereby-suitable arrangements are made to
at least partially quench the product flow by use of the ports at the next nozzle section location
for respectively setting said cracking reaction or other chemical reaction thereby delivering
said reaction products and some steam for further quenching and separation beyond this
process; |

79.  The process according to Claim 73 whereby steam is generated in situ by water

being metered into said combustor and/or into an additional section just down stream of said

nozzle and before said reactor station whereby said steam is generated by direct heat transfer

from the hot jet emanating from said nozzle at a selected tempecature up to 5000 F;

80.  The process according to Claim 79 whereby said water is recycled condensate
from said steam,;

81.  The process according to Claim 79 whereby a -substantial part of the energy for
recycling said condensate is derived by expanding the flow after the setting of said cracking
reac;ion or other chemical reaction respectively ih a turbine after said flow comprises cracking
products;

82. The process according_to'(_:?l-aim 79 whereby said products are first sprayed with

water to set said-cracking reactions and said other chemical reactions in order to amplify and

expand said flow;

o
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step (b) is inplemented. 4. A nethod as clainmed in claiml,
further conprising the step whereby when said radio pager is sw tched on,‘ :
control code detecting codes are read out froma

WO 98/30518 PCT/US97/23946

83.  The process according to Claim 79 whereby the relatively high velocity through
the reaction zone is seleéted to suit steém - to - feed ratios with the temperatufes of said steam
up to 5000 F;

84. A process for developing a soufce of compressed hot gases expanded in a

5 turbine for export power whereby a substantial portion of the exhaust from séi;i turbine is
independently compressed and delivered into a quasi adiabatic continuum for ultimate delivery
of said gas along with gases also independently compressed to make up the difference w1th
respect to said exhaust and likewise de]iyeréd into said continuum which together at the end of
said continuum, comprise a hot flow at a prescribed temperature and pressure for said export

10 power.

85.  The process according to Claim 84 whereby at least a portion of said
compressed gas is first delivered to the combustor of a rocket engir_xe at the head of said
continuum at a pressure substantially higher then said prescribed préssure so that the
difference between said pressure is substantially converted to heat from friction losses aﬁd the

IS intermingling of said gases between said combustor and the entry to said turbine; |

86.  The process according to Claim 85 whereby said pressure for”said combustor is
sufficiently high to additionally produce_at Jeast one sho;:k Wav_e in said continuum;

87.  The process according to Claims 86 whereby said independent compressior; is
p'rovided by. any prime mover and further whereby the exhaust of sa.id prime mover is also

20 recompressed by said prime mover and delivered into said continuum as a constituent of- séid
gases;

88.  The process acéordiné'to Claim 87 whereby the fuel and its oxidant fired in

said combustor make up the difference for continuity in completing the mass flow for said

prescribed temperature and pressure and said export power; I IIIIII' |||||| III" "III " IIII
. ' * € L M § *
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non-val atile nmenory into a controller and used to search for the detection
of the control codes included in said nessage infornmation.

10
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89.  The process according to Claim 88 \yhereby the fuel is hydrogen produced in a
separate transformation process which at least utilizes 's.ome of the remaining part of ‘said
exhaﬁst which was not delivered info said continuum; |

90. The_ process accorqing tb Claim 89 whereby water is ﬁ;ov;aed into an;' part of
Said continuum, including said combustor, which bec.omes"steam in situ as pari 'éf Said masé- |
flow for said continuity;

91.  The process according to Claim 90 whereby water is metered in down stream in
said-continuum becomes steam to augment the flow and increase the thrust of flow into said
turbine; |

92.  The process according to Claim 88 whereby the fuel is methane or any clean
hydrocarbon which is transformable in situ into synthesis gas by utilizing at least some of the .
remaining part of said exhaust which is not delivered into said continuum;.

93. The process according to Claim 88 whereby the flow down stream of said
combustor includes unreacted oxygeﬁ which supports as after—bufning thrust by fuel metered
into a jimctiqn in said contiruum chosen to maximize the thrust of the increased mass flow
thereby into said turbine.

94. A process for eliminating tﬁe cofnpressor load in the Brayton Cycle by an -
indebendent compression system whereby quési all lthe energy for producing said system is
conserved in a flow of hot gases at a prescribed temperature and préssure for expanding in'a
turbine which exports all its power ff;)m- said procéss.

95, The process accorciing to Claim 94 whereby a substantial portion of the exhaust

from said turbine is recompressed by said system to become part of said flow; -
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96.  The process according to Claim 95 whereby the exhaust flfom the prime mover
for recompressing said portion is also fecompreSsed by said prime mover to bécome part of
said flow.

97. A rocket engine firing in a continuum to power one or more expansion
turbines whereby a subétantial portion or the exhaust is separated into a minimal stream and a
maximal stream to be separately reéompressed by preferably a single independent prime
mover whereby said minﬁnal stream is selected in size and compressed for delivery at top
pressure into the combustor of said rocket engine and said maximal stream jn cooperation with
said- size is compressed to a sub;taﬁtially lower pressure than said minimal stream into one or
more secondary ports downstream of the jet developed by said rocket cngine' so that said jet
provides enough momentum for propelling said maximal stream in mixing with the
constituents of said jet to the design pressurle'for deliyering said power for said expansion
turbines.

98.  The process according to Claim 97 whereby additional independently powered
jet propulsions are introduced further down stream in said continuurfx to boost momentum
from said engine;

99.  The process according to Claims 97 and 98 whereby the exhaust from said
prime mover is also recompressed by same said prime mover for delivery into said continuum
and/or for delivery as a direct and/or indirect heat transfer media to the interstages of said
expansion turbines;

100. The process according lto Claim 99 whereby the application of said direct heat
transfer provides a means after said heat transfer for discharging from the cycle the products

of combustion from said rocket engine and said prime mover along with a substantial portion

—— AR
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5.

in the

A et hod of rewiting mess I nformati on which has
been stored in a radi o pager subsﬂm‘mﬂﬂ“\mg “I n described and as shown
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of the products of combustion from said rocket engine and said propulsion down stream in

said continuum,;
101. The process according to Claim 99 whereby said rocket engine and said
continuum conform in stream line o replace gas turbine combustors in retrofit gas turbmes
102. The pfoééss accordmg to Clalms 100 and 101 for mdependently mcreasmg the
efficiency of said cycle whereby the fuel lﬁred in said _engme as a minimal part is selected in

cooperatioh with the maximal part of the same fuel whereby said maximal part is delivered

_into one or more secondary ports of said engine to admix and react with the water vapor .

contained in said exhaust in said continuﬁm thereby transforming intc; a fuel gas which fires
by_ auto ignition and/or is ignited towards the séid continuum for entry ;xnto said turbines.

103. Acycle comprising an expansion turbine means and an independent prime
mover for recompressing a substantial portion of said exhaust from said turbine means
whereby .said portion is admixed from the exhaust from said prime mover which is also
recompressed by the same said prime mover and conforming thereafter in a near adiabatic
continuum at the design pressure for powering said turbine means and further whereby the
deficiency in mass flow for said cycle is made up by additionally firing a fuel of consistent
cherﬁistry with oxidant at said préssure in said continuum to also admix with the compressed
products from said prime mover in said coniinuum and into said turbine means.

104, The process according to Claim 103 whereby the mixing in said continuum is
enhancéd by firing said make-ulp- fuel to pféduée up to transonic.ﬁows.

| 105. A rocket engine powered stéam-complemgnted jet flow is directed to selectively
activate equiiibrium and non-equilibrium chemical reactions whereby said flow derives from a -
ﬁlel gas whereby its hydrogen component la;gely converts to steam, when fired with a any

oxidant in the combustor of said engine, and then said flow proceeds down stream through
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two or more interconnected _adiabatiéally shielded ducts in series to bombard and transfer heat
thereby to reactive carbonaceous feed stock selectively injected into one or mére locations in
said ducts which are selectively interSpersed With.nozzles for provisionally accelerating
subsonic flows and decelerating cascading subsonically shock-interrupted supersonic flows and

further whereby said ducts are contoured to conform to and interconnected with said nozzles

in further conformation for the principal functions of said flow which is to activate said

equilibrium and non-equilibrium chemical reactions;

106. A process according to claim 105 whereby steam is generated by injecting
water into said combustor which is heated by mixing with the firing of said hydrogen; |

107. A process according to claims 105 and 106 whereby gddi_tional steam is
generated in-situ by directing water into the low press zone of said flow just déwn stream of
said jet;

108. A process according to claims 105 and 106 whereby the pre-mlxmg of said
flow with said feed stock can take place in said ducts before the actlvatlon of chemical
reactions;

109. A process according t(.> claim 108 whereby said pre-mixing takes place in a
transition zone from supersonic flow to shock;

110. A process according to claims 105 and 106 whereby the mixing of said flow
and feed stock can take place as a quasi-simultaneous function with chemical reactivity
through one or.two duc'ts;-. |

111. A process according to claim 110 whereby said simultaneous function occurs in |
said ducts for the reacting mixed flow in decelerating from supersonic flow through a shock

wave; e

e
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112. A process according to claims 110 and 111 whereby said chemical reactions are
set by suitable means which cause the temperature of resulting flow to drop significantly;

113. A process whereby high subsonic or supersonic steam or steam-complemented

jet flow is directed to selectively activate equilibrium and non-equilibrium chemical reactions

down stream of said j‘et through two or ino're inierconnected, adiabatically shielded ducts in
series wherein said flow proceeds to pyrblyze an& &ansfer heat to reactive carbonaceous feed
stock selectively injected into one or more locations into said ducts which are interspersed
with nozzles for provisionally accelerating subsonic flows and decelerating subsonically-
shock-interrupted supersonié flows and t"urther whereby said ducts and said nozzles are
contoured to conform with résﬁe_ct to said reactions and in addition to comply with the
follo&ing functions:

A. To set said reactions by causing the reaction temperatures to drop by at least
accelefating the product flow in the last duét;

B. To separate the product gases by conde'nsiné the remaining steam;

C. To return said remaining stearﬁ condensate to largely bécome the source of
steam in said jet thereby substantially closing the cycle of said process;

114. A process according to claim 113 whereby said steam is gene_:rated in the
combustor of a rocket engine wherein Qamr is injected beéoming steam in mixing With the
products of combustion of said engine; ' |

115. A process according to claim 114 w'hereby the fuel gas of said pfodﬁcts of
combustion is providé_d by a top or first stage rocket engine power source which is '
provisionally hydrogen, or hydrogen 6r{"<':arbon dioxide,' 65 hydrogen carbon dioxide and
nitrogen depending on firing with oxygen or air or on the chemic_:al requirement for pyrolyzing

with steam alone; S : o B
e
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-order to continue to reduce the temperature of said flow in-situ; -

WO 98/30518 PCT/US97/23946
-'116. A process according to claim 113 whereby said steam is generated in a boiler
which is-the top or first stage source of pressufe for said jet ﬂow;

117. A process according to claim 116 whereby the fuel gas for said boiler is
provided with an independent _rocket engine power source;

118. A process accdrelix;g ;o claim 117 whereby said fuel gas is provided in excess,
whereby said excess is delivered to ﬂxe combustor of the second or last stage rocket engine
which also receives the steam from said boiler and which can provisionally have its
temperature increased by firing said excess fuel with oxygen or air;

119. A process according to claims 118, 116, and 114 whereby additional steam is
provisionaily generated in the duct just down eueam of said jet by injecting water therein
which mixes with the producte of combustion resulting dewnstream from firing a portion of
said carbonaceous matter;

120. A process according to claim 113 whereby said supersonic flows derived from
coordinating rocket engine combustor and_nezzle relationship with respect to stagnation
temperature and pressure to deliver said flow through said nozzle up to Mach 5 and higher;

121. A precess according to claim 120 whereby said up-to-Mach 5 flow transcends
to subsonic flow frorh shock with enough kinetie and pressure energy to deliver a flow of with
a lower supersonic Mach number through a coordineted sequent nozzle;

122. A process according to claim 113 whereby said _feed stock is introduced into a
provisionally selected shock zene, in aey down stream duct Qiierein said flow is culminaﬁng
from one or more supersonic dec‘eleratione;

123. A pfecess aécordihg to claim 122 whereby said ﬂew: after said mixing reacts

chemically at the consequent sonic or supersonic velocities and then are at least accelerated in
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124. A process according to claim 123 whereby said accelerated flow is then
expanded through a turbine for a further drop in te‘mperature before condehsihg the remaining
steam in said flows; |

125. A process according to claim 1_24 whereby at least a part of the c_oolir_;g water
for condénsing said stea’th is :i'ntroduc:ed_as spray or mist ht the head of said accelerated flow.

126. A rocket engine powered process for prod;xcing olefins and diolefins, mainly '
ethyler;e and acetylené, whereby steam, applied for the pyrolysis or thermal cracking of .a
wide range of hydrocarbons including ethane, liqu_eﬁed'petroleum gases, p_etroleum fractions,
petroleum coke and .coal, is séquentially recycled as condensate after separation from said
olefins by being pumped into the combustor of said engine whereby said condensate becomes
steam by direct heat exchange with the products of combustion in said'éngine in preparation
for and providing said products are compatible with said pyrolysis;

127. A process according to claim 126 which provides for independently heated or
cooled pyrolysis zones.

- 128. A process according to claims 126_ and 127 Qhereby said products of

combustion derive from firing oxygen and hydrogen.

129. A process according to c[aims 126 and 127 Whereby said products of
combustion derive from ﬁringl air and. hydrogen.

130. A process according to claims 126, 127, 128 and 129 whereby additional steam
is provided by firing a fuel-rich mixture in said combustor, so that an extended firing can take
place in the steam-rich flow i,n. a first duct section of saild cycle just down stream from the jet

of said engine to intermix with a coinplimeritary portion of said condensate in direct heat-

exchange in order to prdvide said additional steam. [ —
(.
MR AR ,
. wos 91- I THIS SHEET HAS BEEN
| REPLAGED




10

15

20

WO 98/30518 - PCT/US97/23946

131. A process according to claim 126 whereby complete. generation of steam in said
combustor takes place in the first duct section of said cycle so that the second 'duct section in
continuous flow is the place where active intermixing between the feedstock of said
hydrocarbons and said lstg'arn is provided by suitable means.

132. A prdcess according to clﬁim 13Q whereby the second duct section in
continuous flow is the place where active intermixing between the feedstock of said
hydrocarbons and said steam is provided by suitable means.

133. A process according to claim 131.a_q,d 132 whereby said cracking can take place
in said second duct section during the completion of said intermixing. |

134. A process according to claim 133 whereby said intermixing is enhanced by
selective transonic flow by providing “bottle shocks” and/or a focused normal shock in said
second duct sections.

135. A process as in cglétims 131 and 132 which is provided Wi_th a third duct section
of substantially constant cross section wherein said thermal cracking is provided in-situ by
s;.litable means.

136. A process as in claim 135 wherein said thermal cracking is enhanced by
transonic flow by providing bottle shocks and/or a focused normal shock in said third duct
section. | |

137. A proceés as in claim 136 whereby the third duct section is followed in close

._ proximity by a fourtt.lwc-luct secfion deliverihg the product ﬂ.ow élso in close prpxirﬁiiy to an
expansion turbine.
" 138. A process as'in claims 126 and 130 provxded with all the duct sections through

duct section 4 with optionally a fifth duct section, and on to the expansion turbine whereby all
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the flows throughout take place at selective very high subsonic velocities just close to speed of
sound with thermal cracking selecﬁvely to take place in the third or fourth duét secti(m..

139. A process according to cléims 134 and 136 provided with said “bottle shocks™
whereby the boundary layer developed by said shocks is dispersed selectively by suitable
application of steam injection through perfbtatidns, slits in the wall of said duct, or through
duct walls of porous media.

140. A process according to claims 134 and 137 provided with said “bottle shocks”
whereby the boundary layer developed by said shocks is dispersed selectively by suitable
application of combustible gases and steam through perforations,. slits in the wall of said duct,
or through duct walls of porous media to cause continuous supplementation of heat and mass
along the duct.

141. A rocket engine powered quasi-adiabatic process for producing olefins and
diolefins, mainly ethylene and acetylene, whereby steam or a substantially steam
complementéd pyrolysis medium, épplied for the thermal cracking of a wide range of

hydrocarbons including ethane, liquefied petroleum gases, petroleum fractions, petroleum

- coke and coal, is generated by injecting water into the combustion of said engine.

142. A process as in claim 141 whereby the fuel for said engine is hydrogen fired

with oxygen whereby said hydrogen is provided by a first stage rocket engine power source

"and a separate conserved energy reactor which converts carbonaceous matter and steam via

the water-gas/shift reaction.
143. A process as in claim 141 whefeby' the fuel for said engine is hydrogen fired
with air whereby said hydrogen is provided by a first stage rocket engine power and a

separate conserved energy reactor which converts carbonaceous matter and steam via the

Watef'gaS/ shift reaction. This Sheet Has Been Replaced
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144. A process as in claims 141 and 142 whereby the flow down stream of the jet

L
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from said engine is in a continuum including four or five duct sections, the last of which said
duct sections is located in close proximity and connected to an expansion turbine and
whereby other duct sections in said continuum starting from said jet are used selectively first
for generating more steam in-situ and next for mixing said streams with feed stocks before
pyrolysis which is completed in the next duct section just before said flow accelerates into
said turbine.

145. A process as in claim 144 whereby all the flows throughout take place at
selective very high subsonic velocities just close to the speed of sound, that is up to Mach

0.9+, with thermal cracking taking place in the third and/or fourth duct sections.

146. A process according to claim 144 whereby all the flows are transonic, with
some pyrolysis téking place at supersonic speeds after downstream steam generation
preferably taking place at high subsonic velocities.

147. A process according to claim 146 which employs “bottle shocks™ in zones of
relatively constant cross section where boundary layers prevail is provided with a suitablé
application of steam injection, for dispersing said boundary layers, through perforations, slits
in the wall of said duct or through walls of porous media.

148. A proceés éccording to claims 117 and 118 whereby the flow down
stream of the jet from said engine is in a non-adiabafic continuum including four or five duct
sections, thé last of which said duct sections is located in close proximity and connected to an
expansion turbine and whereby other duct sections in said continuum starting from said jet are
used selectively first for.generating more steam in-situ and next for mixing said streams with

feed stocks before pyrolysis which takes place in the next duét,s_c_ec_tion_ just_'before said flow

-94-
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accelerates into said turbine which provides for independently heated or cooled pyrolysis
zones.

149. A process according to claim 148 whereby the flow down stream of the

jet is cooled by indirect heat exchange with a lower temperature medium.
150. A process according to claim 148 whereby the flow down stream of the

jet is heated by fuel gas and oxidant introduced
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