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1
MODULAR GASEOUS ELECTROLYSIS
APPARATUS WITH ACTIVELY-COOLED
HEADER MODULE, CO-DISPOSED HEAT
EXCHANGER MODULE AND GAS
MANIFOLD MODULES THEREFOR

CROSS-REFERENCE TO RELATED
APPLICATIONS

This Application claims benefit under 35 U.S.C. § 120 and
is a continuation-in-part of U.S. NonProvisional patent
application Ser. No. 14/815,935 filed Jul. 31, 2015, presently
pending, which claims benefit under 35 U.S.C. § 119(e) of
U.S. Provisional Patent Application No. 61/999,824 filed
Aug. 7, 2014, both of which are of common assignee to the
present application, the contents of both of which are
incorporated herein by reference in their entireties.

BACKGROUND OF THE DISCLOSURE

1. Field of the Disclosure

The present disclosure relates generally to electrolysis
systems that employ hydrogen and/or deuterium gas for
practical production of useful quantities of heat for appli-
cation to many challenging opportunities. More specifically,
the present disclosure relates to improved materials, struc-
tures and methods for improving low energy nuclear reac-
tion (LENR) systems. This invention specifically addresses
the technical challenges of significant energy production in
an industrially viable configuration.

2. Description of the Related Art

In 1989, Martin Fleischmann and Stanley Pons
announced the discovery of anomalous heat production in
electrolytic cells of deuterium oxide and palladium (see,
e.g., ref “Electrochemically Induced Nuclear Fusion of
Deuterium,” submitted to the Journal of Electroanalytical
Chemistry, Mar. 11, 1989). The announcement became
extremely controversial when other workers could not repro-
duce their results. The difficulty in part results from the
problem of properly loading deuterium into the cathode.
Over the intervening years, however, many other workers
have reported positive results. Examples of evidence show-
ing excess heat is obtainable in liquid electrolysis cells
include: “Excess Power Observations in Electrochemical
Studies of the D/Pd System: The Influence of Loading,” by
M. C. H. McKubre et al.; “Deuterium Loading Ratio and
Excess Heat Generation during Electrolysis of Heavy Water
by Palladium Cathode in a Closed Cell using a Partially
Immersed Fuel Cell Anode,” by K. Kunimatsu et al.; and
“RF Detection and Anomalous Heat Production during
Electrochemical Loading of Deuterium in Palladium,” by V.
Violante et al. Examples of evidence showing fusion by-
products are obtainable include: “Correlation of Excess
Power and Helium Production during D,0O and H,O Elec-
trolysis using Palladium Cathodes,” by M. Miles et al.; “The
Emergence of a Coherent Explanation for Anomalies
Observed in D/Pd and H/Pd System: Evidence for *He and
3He Production,” by M. C. H. Mckubre et al.; and U.S.
Department of Defense report, “Investigation of Nano-
Nuclear Reactions in Condensed Matter,” by P. A. Boss et al.
Today, there exists a body of knowledge contained in over
a thousand books and papers documenting the advances
made in the field of LENR (Low Energy Nuclear Reactions).
Operability is demonstrated by the numbers of efforts that
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produced positive results, accurate scientific measurement
methods used, and ability to discuss easily the results with
the worldwide scientific community.

Based on the above and foregoing, it can be appreciated
that there presently exists a need in the art for an improved
gas electrolysis apparatus that overcomes difficulties in
up-scaling of liquid LENR systems and that directly links
laboratory experimental apparatuses with a commercially
useful device for producing energy at levels of practical
interest. The present disclosure was also motivated by a
desire to overcome issues in future development of conven-
tional energy sources. Conventional energy systems produce
hydrocarbon emissions believed to cause climate changes
and that threaten human, animal and plant existence. Con-
ventional energy systems fail to provide modular, reliable,
rugged and self-contained power sources providing heat
and/or electricity in applications ranging from fixed power
sources to mobile vehicles. A sense of urgency for such new
power sources has resulted from the realization that, in
addition, fossil fuels are in limited supply. Conventional
nuclear fission power plants are not an acceptable alternative
due to the dangers associated with uncontrolled releases of
fission products, the enormous environmental and political
problems associated with nuclear waste disposal, costs and
inflexible designs. In particular, there is widespread need for
innovative energy sources that do not rely on established
energy infrastructures. Furthermore, cost-effective, modular
and scalable designs are needed to increase applicability.

SUMMARY OF THE INVENTION

An example embodiment of the invention may include: a
gaseous electrolysis apparatus, which can include: a) a
cooled header with at least one electrical connector or
coupling; b) a heat exchanger configured to remove heat
from a surface of a reaction chamber; c¢) a gas handling
system mechanically coupled to the reaction chamber; and
d) an electronic control circuit (ECC) electrically coupled or
connected to the header and gas handling system.

In one example embodiment, the gaseous electrolysis
apparatus can include where the header can include at least
one of: a cooling apparatus; a cooling manifold or water
jacket; or at least one feedthrough to a header cooling
manifold proximate to the header.

In one example embodiment, the gaseous electrolysis
apparatus can include the at least one feedthrough, and
where the at least one feedthrough can include at least one
of: a pressure side oriented towards the inside of the reaction
chamber; is welded into a thermal plate; wherein one end of
the feedthrough extends beyond the header for connection
with the electronic control circuit; or wherein the at least one
feedthrough comprises a threaded coupling.

In one example embodiment, the gaseous electrolysis
apparatus can include where the header can include: at least
one anode connection; at least one anode heater wire con-
nection; at least one microwave antenna connection; at least
one thermal sensor connection; at least one microwave loop
antenna; and at least one insulator configured to at least one
of: electrically isolate; minimize the volume where gas
resides; or provide mechanical support for components
within the reaction chamber.

In one example embodiment, the gaseous electrolysis
apparatus can further include a modular, removable anode;
an anode where the edges of the anode facing the cathode are
tapered or curved to help prevent high voltage breakdown
between the anode and cathode; and an electric heater
disposed within the anode.
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In one example embodiment, the gaseous electrolysis
apparatus can further include a modular, removable, hollow-
shaped, cylindrical cathode with a central cavity configured
to receive the anode; a cathode encased by an outer metal
supporting sleeve; a cathode bounded at its base and top with
insulator endcaps; and a cathode wherein the edges of the
reaction material part of the cathode facing the anode are
tapered or curved to help prevent high voltage breakdown.

In one example embodiment, the gaseous electrolysis
apparatus can include where the heat exchanger is modular
and can include: a relatively low volume flash boiler con-
figured to provide a mist of water or other coolant to the
outer surface of the reaction chamber; is co-disposed around
the reaction chamber; a plurality of spray nozzles to cool at
least one portion of the reaction chamber; at least one steam
pressure port; and at least one thruster port configured to
provide pressure output.

In one example embodiment, the gaseous electrolysis
apparatus can include where the gas handling system can
include: four (4) separate gas manifolds that control gas flow
while minimizing gas volume external to the reaction cham-
ber, where the four separate gas manifolds can include: a
hydrogen/deuterium gas supply manifold; an inert carrier
gas manifold; a reaction gas product collection manifold;
and a gas measurement and evacuation manifold.

In one example embodiment, the gas electrolysis appara-
tus can include where the gas manifold can include: a
cooling chamber or water jacket to provide cooling for gas
tubing and pipes connected or coupled to the reaction
chamber; at least one gas compatible valve, at least one
pressure sensor and at least one temperature sensor con-
nected to, or coupled to the electronic control circuit/
subsystem; at least one tank or at least one container whose
known volume enables small quantities of gas to be deter-
mined by calculating pressure, temperature and volume
before gas is transferred into or out of the reaction chamber;
and at least one purge port which can be used to evacuate
gases manually from containments of the gas manifolds.

In one example embodiment, the gas electrolysis appara-
tus can include a reaction gas product collection manifold
wherein the reaction gas product collection manifold further
comprises: a container configured to temporarily store reac-
tant gas and periodically permit extraction from the con-
tainer; and a subsystem comprising an acoustic sensor or
other type of electronic interface to facilitate estimation of
quantities of reaction product gas.

In one example embodiment, the gaseous electrolysis
apparatus according to claim 1, wherein the electronic
control circuit (ECC) further comprises: a special-purpose
computer and display monitor, the special-purpose computer
comprising at least one of a microprocessor or a microcon-
troller, and comprising control software; special-purpose
anode-to-cathode voltage/current supply; at least one anode
heater supply; at least one microwave starter or initiator
electronics; and at least one heat exchanger electronics.

The present application provides an improved apparatus
or system utilizing gaseous electrolysis techniques accord-
ing to an exemplary embodiment, including: (1) an exem-
plary cooled header for electric connections; (2) an exem-
plary co-disposed, coaxial heat exchanger/thruster around an
exemplary reaction chamber to extract heat from, or perform
testing of, the reaction chamber; and (3) exemplary rugged,
modular gas source and gas collection manifolds. In addi-
tion, the application provides an exemplary modular anode;
an exemplary modular, cylindrical cathode co-disposed
around the anode; and, an improved modular electronic
control circuit for control of apparatus operation.

5

10

15

20

25

30

35

40

45

55

60

4

One aspect of an exemplary embodiment of the present
disclosure is to provide a modular electrolysis apparatus.
According to one aspect of the present disclosure, the
modular apparatus can enable a number of system houses to
manufacture, install, repair and otherwise support industri-
alization objectives.

An aspect of an exemplary embodiment of the present
disclosure is to provide an electrolysis apparatus which can
utilize a new header design for electrical power, device
control and instrumentation connections or couplings. One
aspect of the disclosure, in an exemplary embodiment, is
that the header advantageously enables the apparatus to be
serviced when internal components are expended or may
require maintenance. According to another aspect of an
exemplary embodiment of the disclosure, the header can
include components that are adapted to be cooled to advan-
tageously enable the apparatus to be operated for longer
times between maintenance periods.

Another aspect of an exemplary embodiment of the
present disclosure is to provide an exemplary heat exchanger
module to extract heat from the electrolysis system. Accord-
ing to another aspect of an exemplary embodiment of the
present disclosure, the heat exchanger module can facilitate
and control a thermal gradient through the cathode module
and the wall of the reaction chamber module.

Yet another aspect of an exemplary embodiment of the
present disclosure is to provide gas source and collection
manifolds for electrolysis apparatuses. According to another
aspect of an exemplary embodiment of the present disclo-
sure, these gas handling manifolds can be designed and
engineered to be rugged and compact to support fixed and/or
mobile operation.

According to another aspect of an exemplary embodiment
of'the present disclosure, the inventive electrolysis apparatus
can apply to an exemplary gas electrolysis apparatus having
a cylindrical configuration which can utilize the above-
mentioned improved exemplary header, co-disposed cylin-
drical heat exchanger and application specific gas handling
manifolds. It should be mentioned that the exemplary cylin-
drical configuration of the electrolysis apparatus, according
to an exemplary embodiment, can take advantage of radial
and variable electric fields, gas pressure and thermal diffu-
sion gradients, promoting gas transport into and through
reaction material in the cathode.

Another aspect of an exemplary embodiment of the
present disclosure is to provide a modular/removable anode
within the reaction chamber that contains an internal electric
heater and that can, by thermal radiation and diffusion, raise
the temperature of the reaction material in the cathode.

Another aspect of an exemplary embodiment of the
present disclosure is to provide a modular cathode that can
be cylindrical and co-disposed around the anode within the
reaction chamber, and which can include an exemplary
consolidated metal powder and be encased with a supporting
sleeve according to an exemplary embodiment. These
improvements can provide further advantages in addition to
the co-disposed cathode and consolidated cathode reaction
material comprising nanocrystalline particles described ear-
lier in U.S. Pat. No. 6,248,221 B1, the content of which is
incorporated herein by reference in its entirety.

These and other aspects, features and advantages accord-
ing to an exemplary embodiment of the present disclosure
are provided by the exemplary header module that can be a
modular unit and can include one or more exemplary
high-temperature electric feedthroughs, one or more exem-
plary high-pressure gasket or gaskets, an exemplary cooling
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manifold or water jacket, exemplary electric wiring, exem-
plary connectors and exemplary supporting ceramic insula-
tors.

The feedthroughs can be constructed with appropriately
sized conductors and rugged insulating materials as illus-
trated in the accompanying drawing figures. According to an
aspect of the disclosure, the exemplary electric feedthroughs
and gasket(s) can enable high-pressure operation, as well as
a vacuum startup environment, within the exemplary reac-
tion chamber module to be maintained and isolated from the
local external environment during operation. According to
another exemplary aspect of the present disclosure, the
exemplary electric feedthroughs enable internal components
of the electrolysis system to be connected or coupled to
external components of its electronic control circuit module.
According to another aspect of the present disclosure, the
cooling manifold or water jacket can maintain sufficiently
low temperature during operation of the electrolysis appa-
ratus for the feedthroughs and gasket(s) to maintain
mechanical integrity over long periods of operation, in an
exemplary embodiment. According to yet another aspect of
the present disclosure, the exemplary electric wiring, con-
nectors or couplers and ceramic insulators can be designed
so that they connect to, or couple and provide mechanical
support to the apparatus’s high-voltage, high-temperature
anode module, thermal sensor and any other necessary
electric connections or couplings within the reaction cham-
ber module, such as to an initiator/microwave antenna. In an
exemplary embodiment, the exemplary header module can
be able to be installed (closed) and later removed (opened)
for maintenance with exemplary anode module, initiator/
microwave antenna, and thermal sensor attached.

These and other aspects, features and advantages accord-
ing to an exemplary embodiment of the present disclosure
are provided by an exemplary heat exchanger that can
surround and can be coaxial to the reaction chamber of the
electrolysis system in one embodiment. According to one
exemplary aspect of the present disclosure, the heat
exchanger can be a relatively low volume flash boiler
engineered to provide a mist of water or other appropriate
coolants to the surface of the reaction chamber. Advanta-
geously, the resulting comparatively low temperature of the
surface of the exemplary reaction chamber can produce a
thermal gradient to facilitate thermal diffusion of gases
through the cathode over long periods of operation, and,
therefore, can be important to the heat producing process
within the reaction material. According to another aspect of
the disclosure, the exemplary heat exchanger can include
spray nozzle(s), coolant pressure regulator(s) and/or a cool-
ant pump that can be regulated and/or controlled to provide
appropriate quantities of coolant to the surface of the reac-
tion chamber. According to another aspect of the present
disclosure, the exemplary heat exchanger can include one or
more steam pressure port(s) and/or steam pressure regulator
(s) to maintain a sufficiently high steam pressure for heating
and power applications.

The exemplary electrolysis apparatus can preferably
include a hydrogen/deuterium gas supply manifold, an inert
carrier gas manifold, a reaction gas manifold and/or a gas
measurement and evacuation manifold as part of an exem-
plary gas handling subsystem. The exemplary manifolds can
each include individual cooling chambers, exemplary high-
pressure-rated tubing and fittings, electrically and mechani-
cally operated valves, measurement chambers and electri-
cally-operated pressure and temperature sensors, according
to an exemplary embodiment. According to one aspect of an
exemplary embodiment of the present disclosure, the mani-
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folds can be designed and engineered to be rugged, and
occupy a minimum volume around the reaction chamber to
support safety requirements. According to another aspect of
an exemplary embodiment of the present disclosure, the gas
handling manifolds can advantageously minimize the vol-
ume(s) or amounts of gas used while enabling relatively
accurate flow control. The hydrogen/deuterium gas supply
manifold can enable predetermined, controlled quantities of
gas to be provided into the reaction chamber of the elec-
trolysis system, according to an exemplary embodiment.
The carrier gas supply manifold can enable predetermined
quantities of carrier gas (e.g., argon) to be provided during
start-up and maintenance periods into the exemplary reac-
tion chamber, according to an exemplary embodiment. The
reaction gas manifold can enable reactant gases to be
temporarily stored and periodically extracted as a saleable
and profitable resource, according to an exemplary embodi-
ment. According to an exemplary embodiment, extracted
reactant gas can be permanently stored and/or maintained
according to applicable standards and regulations using
formal methods that are not part of the present disclosure.
According to yet another aspect of the present disclosure, the
gas measurement and evacuation manifold can enable quan-
tities of gases from the reaction chamber and other sections
of the gas handling system to be extracted and analyzed as
needed during start-up and maintenance periods, according
to an exemplary embodiment. Gases extracted through this
manifold during maintenance can also be stored and main-
tained according to applicable standards and regulations,
according to an exemplary embodiment.

These and other aspects, features and advantages accord-
ing to an exemplary embodiment of the present disclosure
are provided by an exemplary modular gas electrolysis
apparatus that can include the cooled header for electric
connections or couplings, exemplary anode, exemplary
cylindrical, co-disposed cathode, exemplary coaxial heat
exchanger around the reaction chamber and rugged, gas
manifolds, according to one exemplary embodiment.

Moreover, to support industrial applications the exem-
plary electrolysis apparatus preferably can include an
improved, modular electronic control circuit, according to
an exemplary embodiment. The improved circuit can pro-
vide further advantages in addition to functionality of the
electronic control circuitry described earlier in U.S. Pat. No.
6,248,221 B1, the contents of which are incorporated herein
by reference in their entirety.

According to one exemplary embodiment, the gaseous
electrolysis apparatus can include: a header including at
least one electrical connector or coupling; an anode with
internal heater; a cathode disposed within a reaction cham-
ber; a heat exchanger in proximity to the reaction chamber,
the reaction chamber coupled to the header, the heat
exchanger configured to remove heat from a surface of the
reaction chamber; a gas handling system mechanically
coupled to the reaction chamber; and an electronic control
circuit or subsystem (ECC) electrically or electronically
coupled to the gas handling system and to the header.

The detail below supports further understandings to
bridge the gaps between laboratory research and a commer-
cially useful device for producing heat energy at levels of
practical interest by providing additional clarity into alter-
natively useable embodiments and characteristics of the
alternative embodiments.

According to one exemplary embodiment, the header can
include a high pressure gasket and at least one electrical



US 10,465,302 B2

7

connection or coupling configured to enable opening and
closing of the gaseous electrolysis apparatus or the replace-
ment of parts.

According to one exemplary embodiment, the gaseous
electrolysis apparatus can include a header, including at least
one feedthrough to a header cooling chamber proximate to
the header.

According to one exemplary embodiment, the header can
include feedthroughs, where at least one feedthrough is
optimally built so that a pressure side of the feedthrough can
be oriented towards the inside of the reaction chamber;
where at least one feedthrough is welded into a thermal
plate; where one end of the feedthroughs extends beyond the
header for connection or coupling with the electronic control
circuit or subsystem; or wherein at least one feedthrough can
include a threaded coupling.

According to one exemplary embodiment, the gaseous
electrolysis apparatus can include a header that includes at
least one of: a cooled header which is a coolant cooled
header; a liquid cooled header; a water cooled header; or a
gas cooled header; or wherein the cooling apparatus can
include at least one of: a header cooling chamber; a cooling
manifold; a jacket; a cooling jacket; a fin; a cooling fin; a
manifold; a fixture; a cooling fixture; a plate; a thermal plate;
a header cooling jacket; a header cooling fixture; a cooling
manifold; or a water jacket adapted to maintain a sufficiently
low temperature for a gasket and at least one feedthrough.

According to one exemplary embodiment, the header can
include at least one of: a temperature measurement device to
monitor temperature of the header or a cooling apparatus; a
gas detector configured to detect any leak through the header
and that includes a gas volume coupled to the header; or a
microwave loop antenna for irradiating a volume within the
reaction chamber that includes a ceramic case, where the
ceramic case comprises a ceramic tube, a stabilizer to
provide mechanical stability, or a protector.

According to one exemplary embodiment, the header can
include at least one insulator configured to electrically
isolate, minimize the volume where gas could reside, and
provide mechanical support for the anode, cables, electrical
connections or couplings, or internal reaction chamber com-
ponents, and wherein at least one insulator can include at
least one of: a ceramic insulator; a plurality of ceramic
insulators; a robust, thick ceramic insulator; or a reflector or
a reflective heat shield or a baflle on a lower surface in order
to reflect heat into the reactor volume.

According to one exemplary embodiment, the gaseous
electrolysis apparatus can include an anode coupled to at
least one electrical connector or coupling in the header.

According to one exemplary embodiment, the anode can
include a heater coupled to an electrical connector or cou-
pling in the header and thus coupled to the electronic control
circuit.

According to one exemplary embodiment, the gaseous
electrolysis apparatus can include co-disposed within the
reaction chamber a cylindrical, coaxial cathode that is of
modular design or is configured to be a removable unit and
that is electrically coupled, connected or grounded to the
reaction chamber.

According to one exemplary embodiment, the cathode
can include at least one of: an outer metal sleeve; an outer
metal stainless steel sleeve; or be bounded by a base, a top,
or with a ceramic insulator endcap(s) that contain a plurality
of holes for reaction gas to escape.

According to one exemplary embodiment, the cylindrical,
co-disposed cathode within the reaction chamber can
include a consolidated metal powder of modular design or a
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material that includes metal powder or metal particles,
wherein the cathode material can be at least one of: a shape
to provide for high packing density and enable consistent
cathode industrial production; include a spherical powder/
particle of a small medial size on the order of a few microns,
with a tight Gaussian distribution around the medial size; a
consolidated metal powder with high specified density or
have a low value of porosity determined to be a value
between 0 and 20%; or comprise, consist, or consist essen-
tially of a single or multiple elements selected from the
group consisting of Fe, Ni, Cu, Mo, Cr, Co, Mg, Ag, and W.
According to another exemplary embodiment, the edges of
this reaction material part facing the anode can be tapered or
curved to reduce the concentration of electric fields between
the anode and cathode.

According to one exemplary embodiment, the heat
exchanger can include a co-axial heat exchanger or be
co-disposed around the reaction chamber and enable a
thermoelectric generator to be disposed also around or about
a portion of the surface of the reaction chamber, or a system
of multiple thermocouples to be disposed around or about a
portion of the surface of the reaction chamber.

According to one exemplary embodiment, the heat
exchanger can include at least one of: a flash boiler enabling
a weight of coolant to be minimized for a mobile or
transportable applications; a flash boiler; a relatively low
volume boiler; a plurality of spray nozzles to cool at least
one portion of the reaction chamber; a boiler configured to
provide coolant to at least one portion of the reaction
chamber; a thruster port configured to provide pressure
output; or a thruster configured to produce an inert gas/steam
output.

According to one exemplary embodiment, the plurality of
spray nozzles can serve to at least one of: cool the surface
of the reaction chamber uniformly; cool the surface of the
reaction chamber to at least several tens of degrees below the
average temperature within a cathode of the gaseous elec-
trolysis apparatus; or provide a controlled release of a
predetermined amount of coolant, wherein the coolant can
include a mist of coolant, liquid, gas, or water.

According to one exemplary embodiment, the heat
exchanger can include at least one of: a steam pressure port
and steam pressure regulator configured to maintain a suf-
ficiently high steam pressure for at least one application,
e.g., to make electricity; a configuration to receive coolant
for increased system efficiency during long periods of opera-
tion from the header and/or gas handling system cooling
chambers; or a coolant supply including high pressure water
feed pump to provide coolant to the header’s cooling mani-
fold, cooling chambers of the gas manifold system and spray
nozzles of the heat exchanger.

According to one exemplary embodiment, the gas mani-
folds can include, as an enhanced safety measure, a plurality
of valves that are normally by default closed, but are
configured to be opened and closed to move gas into and out
of the reaction chamber.

According to one exemplary embodiment, the gas mani-
folds can include at least one of: a cooling chamber or water
jacket to provide cooling for gas tubing and pipes connected
or coupled to the reaction chamber; minimal volumes or
amounts of gas external to the reaction chamber where heat
is produced, enabling relatively accurate flow control and
addressing safety concerns; tanks or containers whose
known volume enables small quantities of gas to be deter-
mined by calculating pressure, temperature and volume
before gas is transferred into or out of the reaction chamber;
an acoustic sensor/electronic interface, gas detector, or reac-
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tion product sensor, configured to manage gas output with a
separator valve and facilitate estimation of quantities of
reactant gas being processed; a container configured to
temporarily store the reactant gas, and periodically permit
extraction from the container; a low-voltage, gas compatible
valve, pressure sensor and temperature sensor connected or
coupled to the electronic control circuit/subsystem; purge
ports which can be used to evacuate gases manually from
their containments; or a safety tank/bottle for overpressure
protection for transfer through a safety valve or rupture disc
of gas from the reaction chamber.

The electronic control circuit (ECC) can include compo-
nents that enable real-time set-up, control, recording and
analysis of apparatus operations, further bridging between
laboratory experiments and a commercially useful device.
According to one exemplary embodiment, the ECC can
include at least one of: an electrolysis apparatus controller
subsystem configured to measure at least one sensory output
of a plurality of field sensors, record at least one sensory
output as sampled data, or store the sampled data on an
external device; an electrolysis apparatus controller subsys-
tem configured to store in an off-board, permanent memory
using a processor board port or universal serial bus (USB)
port coupled to the control system, sampled data that can be
analyzed and further configured to train and optimize control
system parameters contained in software of the electrolysis
apparatus controller subsystem; or an electrolysis apparatus
controller subsystem configured to create analog or digital
signals to be sent to or from a plurality of field control
devices, according to at least one control algorithm output in
software, in order to control the state of the reaction chamber
as indicated by input devices comprising thermocouples,
pressure sensors, and/or an acoustic sensor.

According to one exemplary embodiment, the ECC can
include at least one of: series and parallel precision resistors
or a precision non-contact probe configured to measure
electric current flowing across the reaction chamber; a
bipolar (), variable, high voltage power supply configured
to vary the voltage level from the power supply or to adjust
the biasing on a transistor type component inside the power
supply or to adjust the power supply output resistor network
to create a desired level of voltage and current across the
anode and cathode; a power supply for the electric heater
located inside the anode of the reaction chamber; an elec-
tronic separator valve subsystem or acoustic interface that
facilitates estimation of quantities of reaction gas processed;
a thermocouple measuring temperature inside the reaction
chamber; a pressure sensor measuring pressure inside the
reaction chamber; a microwave generator coupled to a
robust loop or other microwave antenna to provide a high-
frequency electromagnetic field inside the reaction chamber;
an electric interface with heat exchanger cooling valves to
support the reaction chamber cooling process; or a nuclear
radiation detector configured to sense a radiation level,
analyze or compare the sensed radiation level to predeter-
mined thresholds, store radiation level information and
generate a notification.

According to one exemplary embodiment, the ECC can
include at least one of: a single-board computer that can
include a processor chip with accessory and supporting
circuitry, a controller area network (CAN) transceiver chip
or port, at least one USB port, an RS 232 serial port, a
general-purpose input and output (GPIO), an ethernet physi-
cal (PHY) input or an output, interface or port connector and
a video graphics association (VGA) display or other output
port; an external memory; an analog input extender board;
an analog output extender board; a control area network
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including a digital output module, a digital input module, an
analog output module, or an analog input module; a Linux,
a Unix, an embedded Linux or Unix, or other operating
system (OS); equipment power supplies including isolated
12 and 24 volt DC power supplies; a video display screen or
other output device; or input keyboard.

According to one exemplary embodiment, the ECC can
include software instructions, which, when executed on a
processor can perform functions to at least one of: provide
an automated system pre-startup sequence; provide auto-
mated charging of mixing chamber and/or reaction chamber;
control reaction chamber dynamics during startup and/or
operation; provide automatic fail-safe shut down; provide
long term, automatic adjustment of control system output
signals to the process to facilitate the empirical discovery of
the signal levels required to initiate, control or maintain a
desired reaction; provide for output or display of process
measurements for real-time human observation; enable a
human interface with the process through display of inter-
active video screens where an operator initiates or termi-
nates a process or adjusts specified control system param-
eters to change the speed, nature or intensity of a process;
provide detection of significant system events or combina-
tions of events, measured from at least one sensory input
field device, or provide a corresponding threshold table; or
provide a collection of data from at least one, or all sensory
input devices, sampled or stored on an external device
connected or coupled through a processor board, port or
USB port.

According to one exemplary embodiment, the ECC can
include software instructions, which, when executed on a
processor, can perform functions to at least one of: accept
one or more input(s) and calculate one or more operating
output(s) to control hardware automatically and in such a
manner to satisfy engineer-specified setpoints; adapt to
varying system conditions so as to appropriately adjust
internal operation parameters and where the same specified
operations or functions comprise a multiple-input and mul-
tiple-output (MIMO) control process; adapt to varying sys-
tem conditions using a proportional-integral-derivative
(PID) controller, a modified PID controller, a least means
squares (LMS) algorithm, a Gradient Search by a Steepest
Descent algorithm, a Box-Jenkins algorithm, a Hammer-
stein-Wiener System estimator, a Radial Basis Network
system, or a Principal Component Analysis (PCA) system.

According to one exemplary embodiment, the ECC can
also include software instructions, which, when executed on
a processor can perform functions to at least one of: perform
system identification (ID) processing using at least one
system ID process; efficiently generate informative data for
fitting a mathematical model of the system; provide suffi-
ciently rapid response time for precision control of discrete
quantities of deuterium, hydrogen and carrier gas molecules
supplied to the reaction chamber during apparatus operation;
and control a reaction chamber exhaust valve, configured as
a fail-safe to exhaust pressurized reaction chamber gases in
event an input device measurement exceeds a safety thresh-
old.

BRIEF DESCRIPTION OF THE DRAWINGS

The embodiments are described with reference to the
drawings in which like elements are denoted by like or
similar numbers and in which:

FIG. 1, which includes FIGS. 1A-1D, collectively illus-
trates an exemplary embodiment of a modular header
according to the present disclosure which can provide a
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relatively cool temperature environment for exemplary elec-
trical feedthroughs to support long-term operation of the
system, according to an exemplary embodiment.

FIG. 1A indicates a configuration for an exemplary reac-
tion chamber and flange for attachment of the modular
header of the exemplary embodiment.

FIG. 2, which includes FIGS. 2A-C, illustrates an alter-
native exemplary embodiment according to the present
disclosure of the manner in which a heat exchanger module
facilitates and controls a thermal gradient through the cath-
ode module and the wall of the reaction chamber module.
The thermal gradient, according to an exemplary embodi-
ment, facilitates production of output heat as a continuous
process, extracting the reaction heat as, for example, steam
for application to an external electric generator, space heater
or a mechanical process.

FIG. 2A depicts an exemplary cutaway one half view of
an exemplary reaction chamber illustrating an exemplary
thruster port for inert gas or steam, and illustrates the heat
exchanger or boiler, according to an exemplary embodi-
ment.

FIG. 2B depicts a zoomed in portion of the exemplary
reaction chamber of FIG. 2A, according to an exemplary
embodiment.

FIGS. 3A-E depict various exemplary illustrations of
exemplary gas manifold subsystems according to an exem-
plary embodiment.

FIG. 3A is an illustration, according to an exemplary
embodiment, which is helpful in understanding connection
or coupling of the exemplary gas manifolds to the reaction
chamber so as to minimize gas volume external to the
reaction chamber and remove heat from the gas manifolds
according to an exemplary embodiment.

FIG. 3B depicts an exemplary top perspective view of an
exemplary hydrogen/deuterium gas supply manifold,
according to an exemplary embodiment.

FIG. 3C depicts an exemplary perspective view of an
exemplary carrier gas supply manifold, according to an
exemplary embodiment.

FIG. 3D depicts an exemplary perspective view of an
exemplary reaction gas product collection manifold, accord-
ing to an exemplary embodiment.

FIG. 3E depicts an exemplary perspective view of an
exemplary gas measurement and evacuation manifold
according to an exemplary embodiment.

FIGS. 4A-B collectively form an exemplary embodiment
of detailed schematic diagrams of the exemplary improved
electronic control circuit according to an embodiment of the
present disclosure.

FIG. 4A provides an electrical control connectivity dia-
gram, according to an exemplary embodiment.

FIG. 4B provides an example process and software archi-
tecture, according to an exemplary embodiment.

FIG. 5 depicts an example mechanical steam controller
system connected or coupled to the exemplary improved
electronic control circuit according to an embodiment of the
present disclosure.

FIGS. 6A-6F, collectively referred to as FIG. 6, demon-
strate an example construction of components for an
example reaction chamber, header, high temperature
feedthroughs, anode, cathode part, and separator valve/
acoustic sensor, respectively, according to example embodi-
ments of the present disclosure.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

An exemplary embodiment of the disclosure sets forth
improvements to an exemplary gas electrolysis system
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enabling such a system to bridge the gaps between labora-
tory apparatuses and a commercially useful device, and to be
manufactured by industry. The present disclosure sets forth
features enabling these exemplary industrialized systems to
have large power handling capabilities and address well-
known problems with the state of the art and conventional
solutions, such as the possibility of hydrogen recombination
with oxygen, the relatively slow loading of gas into cath-
odes, inefficient designs and potential dangers of loaded,
pressurized bulk material, while being regulated for ease of
operation.

Information in the previous and the following paragraphs
includes preferred embodiments and various alternative
exemplary embodiments for the disclosure, operational pro-
cedures for the disclosure and information on modes of
practicing the disclosure. The exemplary improvements dis-
cussed, moreover, support key design parameters of the
exemplary apparatus, such as, e.g., but not limited to,
sufficient cathode reaction material for planned power out-
put, relatively high operating temperature and pressure, and
minimal volumes in the gas manifolds for safety. This
information enables the subject matter of the claims (35
USC § 112) and teaches/shows how to use this invention (35
USC § 112(a) and pre AIA 35 USC § 112). FIGS. 1-6, in
accordance with 37 CFR § 1.121(d), include a depiction of
each claimed component.

INTRODUCTION

In complementing previous advancements, the basis for
the present disclosure is to bridge the gaps between labora-
tory experiments and a commercially useful device for
producing energy at levels of practical interest and that can
be manufactured by industry. An objective is to demonstrate
that hundreds of watts of heat can be produced in cubic
centimeters of specific reaction materials. For practical
applications, this can require apparatuses that sustain on the
order of 10 to the exponent 16 nuclear reactions per second,
assuming each reaction nets several million electron volts
(MeV) of energy. The exemplary design disclosed is based
upon use of pressurized hydrogen and/or deuterium gas and
includes, for example: an example reaction chamber or
reactor whose purpose is to enclose active high temperature
and pressure system components; an example closure, oth-
erwise known a “header,” whose purpose is to seal the
reaction chamber from the outside atmosphere and provide
electrical connections between components within the reac-
tion chamber and external components; an example heat
exchanger to extract heat from the outer surface of the
reaction chamber; an example gas handling system that can
include separate gas manifolds to control gas flow in and out
of the reaction chamber; and an example electronic control
circuit (ECC) electrically connected to, or coupled to, the
header and gas handling system. One of the example gas
manifolds enables either deuterium or hydrogen, or both, to
be provided in measured amounts to the reaction chamber.
One of the example gas manifolds enables reactant gas to be
stored and periodically extracted from the system. The
example header can contain a cooling apparatus to enable
electrical feedthroughs to be cooled to increase their opera-
tional lifetime and can provide mechanical support for other
components within the reaction chamber. Internal to the
reaction chamber, an embodiment of the design can include
an anode, which can include an internal heater, and an
example removable cylindrical cathode around the anode.
The electronic control circuit (ECC) can enable real-time
set-up, control, recording and analysis of apparatus opera-
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tions. The apparatus is a complex system comprising (or
including) these key components.

Specific and substantial utility (as required by 35 USC §
101) is ample, and includes using the disclosed system or
apparatus to first provide for laboratory applications and
investigation and testing, in an example embodiment. The
example system of the claimed invention has various
example potential uses, including use in the study of, and
testing of, electrolysis reactions, and cooling and heat trans-
fer via exemplary heat exchangers and the like of various
materials of exemplary embodiments. The capability of the
example header to cool example feedthroughs can advanta-
geously enable longer periods of operation between main-
tenance, in an exemplary embodiment. The capability of the
header to integrate internal reactor components into the
lower side of the header supports apparatus maintenance, in
an exemplary embodiment. The example co-disposed heat
exchanger around the example reaction chamber has an
exemplary purpose of enabling useful power to be extracted
in an efficient and safe manner, and is, e.g., removable for
maintenance. The example heated anode has an exemplary
purpose of enabling temperature of reaction material within
the cathode to be raised above its Debye temperature. The
heated anode within the reaction chamber and heat
exchanger can support thermal diffusion of deuterium and/or
hydrogen gas into the cathode reaction material, in an
exemplary embodiment. The thermal diffusion gradient,
along with electric fields and gas pressure, are considered to
be highly important in promoting gas transport into and
through the reaction material, in an exemplary embodiment.
The example cathode in one embodiment can include a
modular, removable component and can be encased in a
metal supporting sleeve to facilitate removal/replacement
during maintenance. An example purpose of one of the gas
manifolds is to enable control of the necessarily very small
amounts of hydrogen and/or deuterium gas that can be
provided to the reactor. One of the other manifolds is
designed to enable reaction product gases to be quantified
and stored, in an exemplary embodiment. The example ECC
enables control of key physical processes and parameters
within the reactor, such as, e.g., but not limited to, anode
temperature, gas pressure, electric field strength, and type
and rate of gas diffusion, as well as controlling supporting
components, etc. A person of ordinary skill in the art would,
therefore, appreciate reasons the invention is useful based on
these and other benefits. These capabilities support the need
for long operation periods, ease of maintenance and safe
operations. An example modular systems approach for com-
ponent design can enable many numbers of industries to
manufacture, install, repair and otherwise support these
objectives.

Early concepts related to design of the apparatus are
provided in a paper on “Critical Factors in Transitioning
from Fuel Cell to Cold Fusion Technology,” by T. McGraw
and R. Davis in August 1998, which depicts the simplistic
arrangement between the anode and cathode and indicates
the importance of a long cathode with relatively large
surface area, a thermal gradient combined with gas pressure
and electric field in loading the cathode, a collection bottle
for reaction product helium, and of safety as a primary
concern. Additional information related to the design is
presented in U.S. Pat. No. 6,248,221 B1, “FElectrolysis
Apparatus and Electrodes and Flectrode Material Therefor,”
by Davis et al., Jun. 19, 2001, which discloses a consolidated
cathode reaction material including or comprising nanoc-
rystalline particles, a porous insulator reaction vessel
between the anode and cathode, a microwave type of starter/
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initiator and an electronic control circuit that controls elec-
tricity between the anode and cathode. Concepts related to
design of the apparatus are presented in the draft of a paper
on “Key Issues Related to Industrialization of LENR-Based
Space Propulsion,” by M. Chawla and R. Davis that was
developed in April 2016 for the Space Technology & Appli-
cations Industrial Forum (STAIF) and emphasizes that fuel
quantity supplied to the reaction material needs to be con-
trolled to limit reaction rate in the reaction material and that
heat must be removed efficiently. An early gas loading
concept is discussed in patent application WO 95/20816,
“Energy Generation and Generator by Means of Anhar-
monic Stimulated Fusion,” by S. Focardi et al., Aug. 3, 1995,
that reports on use of electricity through a high-temperature
coil to load and heat reaction material above its Debye
temperature to produce fusion between hydrogen and deu-
terium and on methods to initiate the fusion reactions. By
comparison, and demonstrative of the novelty of the disclo-
sure under 35 USC § 102 and the nonobviousness of the
disclosure under 35 USC § 103, these sources of information
do not disclose a header according to the disclosure, where
feedthroughs are cooled and that provides for integration of
internal reactor components; a heat exchanger that is modu-
lar and removable; a modular anode with an internal heater;
a modular, removable cathode encased in a metal supporting
sleeve; gas manifolds that are able to control very small
amounts of gas to the reactor and quantify amounts of
reaction gases produced; an electronic control circuit that
enables control of the very small amounts of hydrogen
and/or deuterium gas provided to the reactor and the quan-
tification of reaction product gases; nor the means to remove
heat efficiently, according to an exemplary embodiment.
These elements of the instant application described herein
provide significant differences and depend upon unique
technical concepts in the design and were not previously self
evident to a person having ordinary skill in the art. The
disclosed invention is novel. This disclosure was also made
by parties in the joint research activity that includes the same
parties for the Critical Factors and Key Issues papers and
U.S. Pat. No. 6,248,221 B1. There has been no known
teaching, suggestion or motivation by others to combine the
above or other references in the manner described in this
application.

Internal to the example reactor, the apparatus is viewed to
operate by “gas electrolysis™ or “gaseous electrolysis”, as
this description most effectively captures the essence of
electrochemical processes in the volume between the anode
and cathode and that involves a mixture of molecules, ions
and electrons, pressurized hydrogen and/or deuterium gas,
elevated temperatures and strong electric fields. Supporting
data are provided in a great number of scientific works since
the late 1800s to the present day regarding electrical con-
duction through hydrogen gas. See the paper, “On the
Electrolysis of Gases,” by J. J. Thomson and pages 270-4 in
Chapter VIII and pages 293-4 in Chapter IX in the text on
“Theory of Gaseous Conduction and Electronics,” by F. A.
Maxfield and R. R. Benedict. High voltage breakdown or
avalanche discharge through the gas is not desired. The
Paschen curve for hydrogen and Townsend criterion can be
used to ensure that sufficiently low voltages and high gas
pressures are used to prevent breakdown. See pages 188-190
in “Introduction to Electrical Discharges in Gases,” by S. C.
Brown.

Physical similarities exist between concepts for gas-based
and liquid-based LENR apparatuses whose understanding
can thereby support the transition from liquid to gas LENR
systems. FEach contains cathodes where reactions can be
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made to occur, anodes, electrolytes (i.e, gas or liquid) and
direct (dc) drive currents. A liquid-based system is con-
cerned with anions and (e.g., D* and/or H") cations, their
movement in a liquid electrolyte and cathodic interactions.
Gas-based concepts, by comparison, are concerned with
mechanisms that can form positive ions from (e.g., deute-
rium and hydrogen gas) molecules, their movement to the
cathode and cathodic interactions. Several ion forming
mechanisms (elastic, excitation, ionization) can be consid-
ered, but the most important is due to collisions of thermal
electrons with gas molecules. lonization cross sections vary
in a non-linear manner. Energies of scattered electrons are
frequently increased in the scattering process. The resulting
mixture can contain many different species of ions and
molecules that interact with various cross sections as
described in “Cross Sections and Swarm Coeflicients for H*,
H,*, H;*, H, H, and H™ in H, for Energies from 0.1 eV to
10 keV,” by A. V. Phelps. The positive species can be
accelerated toward the cathode at different rates determined
by their mass and charge.

FIGS. 1A-1D, collectively referred to as FIG. 1, illustrate
an exemplary embodiment of a modular header according to
the present disclosure which can provide a relatively cool
temperature  environment for exemplary electrical
feedthroughs to support long-term operation of this appara-
tus.

FIG. 1A illustrates an embodiment of a portion of an
exemplary reaction chamber 122 (described further with
reference to FIG. 1D) including a flange portion with a
plurality of openings for coupling to an adjacent header 120
of the exemplary apparatus; also shown are exemplary ports
for coupling the reaction chamber to one or more gas
manifolds as described further herein.

FIG. 1B depicts an exemplary cut-away top view of an
exemplary header assembly 100 including various exem-
plary feedthroughs 102-112, including an exemplary copper
wire anode connection 102, anode heater wire connections
104 and 106, an exemplary 4-wire connection 108, an
exemplary microwave antenna connection 110, and a ther-
mal sensor connection 112 as may be provided in a preferred
embodiment of the header. The anode in a preferred embodi-
ment can include a heater, such as, e.g., but not limited to,
a cartridge-type heater encased in the anode (for reference,
see, e.g., Dalton Electric Heating Company model
W6C120).

Also shown in FIG. 1B is an exemplary header 120,
exemplary reactor or reaction chamber 122, exemplary
header cover or cooling plate 124, exemplary thruster/steam
port 218, and partial view of cathode 208 and anode 202
with internal heater discussed further below, in an exemplary
embodiment.

An exemplary embodiment of the exemplary header 120
for the exemplary electrolysis apparatus 100 can enable the
exemplary reaction chamber 122 to be opened and closed for
replacement of internal parts. The exemplary cathode 208
can be replaced when the cathode no longer operates effi-
ciently as may be evident when anode 202 current or
anode-to-cathode voltage does not meet allowed threshold
values, or the system’s coefficient of performance (COP) is
determined to be insufficient. The exemplary header 120 can
include an exemplary header cover, closure gasket and/or
flange that can serve as an exemplary main seal for the
apparatus and can be designed to maintain specified
mechanical integrity and reliability during many tempera-
ture and pressure excursions, according to an exemplary
embodiment. Standard operating pressure and temperature
within the exemplary reaction chamber 122 are hundreds of
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pounds per square inch and hundreds of degrees centigrade,
according to an exemplary embodiment. During exemplary
maintenance and startup periods, according to an exemplary
embodiment, the bottom of the exemplary header 120 along
with the inside of the exemplary reaction chamber 122 can
be required to be exposed to high-temperature, pressure, and
vacuum cycles to remove oxygen and other gaseous impu-
rities from the reaction chamber 122. An exemplary carrier
gas, e.g., argon, can be introduced to physically flush the
system, according to an exemplary embodiment. During
startup, pressure in the exemplary reaction chamber 122 can
then be required to increase in steps as, first, deuterium and,
then, hydrogen are made to enter the reaction chamber 122,
according to an exemplary embodiment. According to an
exemplary embodiment, the reaction chamber 122 can be
required to operate at high pressure and temperature over
long periods of time, wherein additional gas can be periodi-
cally introduced to maintain the heat energy producing
process.

According to one important aspect of this disclosure, the
header 120 can contain a thermally cooled plate or header
cover 124 through which one or more feedthroughs 102-112
can be mounted, according to an exemplary embodiment.
The exemplary feedthroughs 102-112 can be standard, com-
mercially-available, high voltage, power and coaxial electric
feedthroughs, and can include electrical conducting mem-
bers and insulating material such as alumina or glass,
according to an exemplary embodiment. These feedthroughs
102-112 can be manufactured by metallization, high tem-
perature consolidation and/or vacuum brazing methods
known to those skilled in the art of hermetic ceramic-to-
metal sealing technology, according to an exemplary
embodiment. See, for example, U.S. Pat. No. 4,174,145,
“High Pressure Electrical Insulated Feed Thru Connector,”
Nov. 13, 1979; U.S. Pat. No. 4,593,758, “Hermetically
Sealed Insulating Assembly,” Jun. 10, 1986; and U.S. Pat.
No. 5,273,203, “Ceramic-to-Conducting-L.ead Hermetic
Seal,” Dec. 28, 1993, the contents of which are incorporated
herein by reference in their entirety. For reference, see, e.g.,
Solid Sealing Technology website at www.solidsealing.com.
The exemplary feedthroughs 102-112 can, in an exemplary
embodiment of the disclosure, maintain their integrity dur-
ing the above described variable and long, elevated pressure
and temperature environment, according to an exemplary
embodiment. The use of the exemplary feedthroughs 102-
112 in headers/isolators for these types of apparatuses con-
taining high-pressure hydrogen at high temperature has
never before been previously proposed, according to an
exemplary embodiment. In the relatively cool temperature
environment provided by the cooling plate 124, however, the
feedthroughs 102-112 can be able to operate consistently to
support long-term operation of the system, according to an
exemplary embodiment.

FIG. 1C depicts an exemplary cutaway view 130 of
exemplary feedthroughs 102-112 in an exemplary configu-
ration. The feedthroughs 102-112 can be permanently
mounted through the exemplary thermal cooling plate 124,
for example, by tungsten inert gas (TIG) welding, in an
exemplary embodiment. In a preferred embodiment, the
feedthroughs can be built so that the pressure side 128 of
each feedthrough 102-112 can be towards the inside of the
reaction chamber 122 (not shown), in an exemplary embodi-
ment. Connections or couplings, in an exemplary embodi-
ment, can be made from the pressure side of the
feedthroughs to the anode, heater, microwave antenna, ther-
mal sensor or other desired electrical device(s) as may be
located within the exemplary reaction chamber 122. Each
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feedthrough 102-112 can also be connected or coupled with
external electronic control circuitry (not shown) above the
header cover/cooling plate 124, in an exemplary embodi-
ment. Alternatively, in one exemplary embodiment, the
feedthroughs 102-112 can contain an exemplary circular
disk flange header cover or cooling plate 124, which may be
continuous around the circumference of the feedthroughs
102-112, to enable the feedthroughs 102-112 to be mounted
as shown in FIG. 1D. In an alternative configuration, the
feedthroughs 102-112 can be mounted with exemplary pres-
sure gaskets or seals through the thermal cooling plate 124
so that the feedthroughs 102-112 can be replaced when
damaged, in an exemplary embodiment. Alternatively, in
another exemplary embodiment, each feedthrough 102-112
can first be welded into a screw-type metal socket or ferrule
which can be installed in the mounting plate 124 with a
suitable gasket. Again, the exemplary pressure side 128 of
each feedthrough 102-112 can be directed towards the inside
of' the reaction chamber and connections or couplings can be
made from the pressure side of the feedthroughs 102-112 to
elements within the reaction chamber 122, in an exemplary
embodiment. In relatively low pressure configurations, it is
considered possible, in another exemplary embodiment (not
shown), for the feedthroughs 102-112 to be mounted with
pressure gaskets or seals through the thermal cooling plate
with their pressure side reversed so that the pressure gaskets
or seals can be more easily able to be replaced. In this latter
exemplary case, the pressure side of each feedthrough can be
towards the outside of the reaction chamber 122 and con-
nections or couplings can be made from the lower side of the
feedthroughs 102-112 to elements within the reaction cham-
ber 122 (not shown). All such alternative configurations can
be thereby considered to be within the scope of this patent.

The lower side of the header 120 can contain exemplary
robust, thick insulators that can electrically isolate and
provide mechanical support for the electrical connections or
couplings and can, e.g., for improved operation and safety,
ensure that gas in the reaction chamber is concentrated near
the cathode and minimize the volume where gas could
reside, in an exemplary embodiment. The exemplary upper
insulator can provide electrical isolation between connec-
tions, in an exemplary embodiment. It is particularly impor-
tant, for example, in an exemplary embodiment, to electri-
cally isolate the anode 202 connection or coupling 102 from
all structural, control and sensory eclements where stray
currents can be induced to system grounds, earth grounds,
power supply voltage sources or other control system volt-
age sources. The anode-cathode current, therefore, can be
measured and thereby controlled with maximum accuracy,
in an exemplary embodiment. The exemplary lower insula-
tor 1402 (see FIG. 2A) can provide mechanical support for
a microwave antenna, anode 202 and thermal sensor, in an
exemplary embodiment. The lower insulator 1402 can also
contain an exemplary reflective heat shield or baffle on its
lower surface to reflect infrared energy (heat) back down
into the reactor volume, in an exemplary embodiment. In an
embodiment, these insulators can be attached to the header
120 closure flange. The insulators, anode, microwave
antenna, thermal sensor, etc. can thereby be able to be
installed and removed as an integral unit, in an exemplary
embodiment. In alternative embodiments, the top of the
header 120 can be opened and closed separately from the
insulators, subsequent to installation of the insulators with
anode 202, microwave antenna, thermal sensor, etc. into the
reaction chamber 122.

According to an exemplary embodiment of this disclo-
sure, the header 120 can contain a cooling manifold or water
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jacket that can provide cooling for the thermal cooling plate.
See FIG. 1D. The cooling plate 124 with attached
feedthroughs 102-112 and installed conductors can thereby
be required to make thermal contact with the cooling mani-
fold. The cooling plate 124 can be attached and/or mechani-
cally coupled by a strong, continuous and/or leak-proof weld
to prevent gas from escaping the reaction chamber 122
through the header 120, in an exemplary embodiment.
Alternatively, for lower pressure applications the cooling
plate 124 can be attached, e.g., with suitable bolts and/or a
gasket that can prevent gas from escaping from the reaction
chamber 122, in an exemplary embodiment. In such a case,
maintenance may be performed by removing the cooling
plate 124, replacing a damaged feedthrough 102-112 or
other component and then re-assembling the header 120, in
one exemplary embodiment. Exemplary ceramic tube insu-
lators, in an exemplary embodiment, can be installed around
the conductors extending through holes in the cooling mani-
fold to provide electrical isolation and minimize the volume
where gas could reside. The flow design of the exemplary
cooling manifold advantageously can provide a large surface
area and liquid volume for transfer and removal of heat from
the header 120, resulting in lower local temperature both
adjacent to the feedthroughs 102-112 or feedthrough assem-
blies and for the header seal, in an exemplary embodiment.
Furthermore, an electronic temperature measurement device
(e.g., thermocouple) can be mounted on the cooling plate
124 where the temperature can be monitored and maintained
at a relatively constant value during long, high temperature
operational periods, in an exemplary embodiment. The
amount of heat removal can be adjusted using temperatures
from the thermocouple and coolant flow rate to change the
coolant’s volume through the cooling manifold.

Design of the header 120 can include several exemplary
safety features, in an exemplary embodiment, in addition to
mechanical integrity of an exemplary embodiment of the
present disclosure. The closure mechanism, in an exemplary
embodiment, bolting the header to the reaction chamber
flange, can be made to operate so that required torques on the
bolts can be checked. Gas pressure that could decrease due
to a leak through a feedthrough 102-112 or accumulate at the
edge of the header flange can also be monitored by a
separate electric gauge, in an exemplary embodiment. This
can be made possible, both by a sealed cover over the
feedthroughs 102-112 attached to the top of and is part of the
header and by a removable, wide vertical gasket that can
surround and lap across the header flange and reaction
chamber flange and that can be tightly secured by an
exemplary separate mechanical support band around the
header flange and the reaction chamber flange, in an exem-
plary embodiment. Electrical conductors extending from the
feedthroughs 102-112 to the external electronic control
circuitry can be made to pass through the gas safety cover,
in an exemplary embodiment. The cover can press fit to the
main part of the header 120 and can be easily removed for
maintenance, in an exemplary embodiment. Either an elec-
tronic pressure or gas sensor/detector can be located within
the safety cover and can be used to detect any gas leak
through the header 120 and thus can be configured to
electronically provide an alert signal to the apparatus opera-
tor.

Referring specifically to FIG. 2A, according to an exem-
plary embodiment, the coaxial cathode 208 where heat can
be produced can be located within the reaction chamber 122
and can touch the reaction chamber’s inner wall 204 to
facilitate heat conduction through the reaction chamber wall
122. An aspect of an exemplary embodiment can be to
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enhance the thermal diffusion gradient between the anode
202 through the cathode 208 reaction material and reaction
chamber wall 122, and, can thereby, facilitate thermal dif-
fusion of gas through the cathode 208 over long periods of
operation, according to an exemplary embodiment. Heating
up the anode in the center of the cathode heats up the inner
part of the cathode and the gas moves with the thermal
gradient, and through the cathode by thermal diffusion,
according to an exemplary embodiment. Also see cutaway
view 230 of FIG. 2B.

The cathode in a preferred embodiment can be a hollow-
shaped cylinder, with a central cavity configured to receive
the anode. The cathode in a preferred embodiment can be
encased by an exemplary outer metal (e.g., stainless steel)
sleeve 212 and can be bounded at its base and top with
exemplary ceramic insulator endcaps 1404 and 1406. The
cathode can contain a porous insulator reaction vessel 206
on its inner surface facing the anode. The cathode is elec-
trically grounded and can be co-disposed (or optimally
coaxial) in the reaction chamber, according to an exemplary
embodiment. In an exemplary embodiment, the upper
ceramic end cap insulator 1404 can contain exemplary holes
for reaction gases to escape. The cathode in a preferred
embodiment can be modular and/or easily removable as a
component. An exemplary cathode can include metal pow-
der or metal particles in an exemplary embodiment. Accord-
ing to another exemplary embodiment, the edges of this
reaction material part facing the anode can be tapered or
curved to help prevent high voltage breakdown between the
anode and cathode. In an exemplary embodiment, the par-
ticulate material of which this part is constructed can be
optionally of a shape to provide for high packing density and
enable consistent cathode industrial production. In an exem-
plary embodiment, the powder/particle size can be a small
medial size of about on the order of microns, with a tight
Gaussian distribution around the medial size, in one exem-
plary embodiment. In an exemplary embodiment, the cath-
ode’s material can be consolidated metal powder with high
theoretical density in an exemplary embodiment. In an
exemplary embodiment, the cathode’s consolidated material
can also have a specified low value of porosity (i.e., the
inverse of percent consolidation) and determined to be a
value between 0 and 20% in an exemplary embodiment.
According to one aspect of the present invention, the cath-
ode’s particles can be formed from a single element or
multiple elements selected from the group consisting of Fe,
Ni, Cu, Mo, Cr, Co, Mg, Ag, and W. In an exemplary
embodiment, the cathode can be made of high purity nickel,
due to its relatively high abundance on the earth which can
support a need for low-cost materials. Additional details on
a consolidated cathode, which in an exemplary embodiment
can be configured to have a co-axial cylindrical shape, are
described in U.S. Pat. No. 6,248,221 B1, issued Jun. 19,
2001. Transport of gas within the cathode can be treated by
assuming that deuterium and/or hydrogen can be subject to
a superposition of electro- and thermo-transport forces that
can cause the gas(es) to move constantly through the reac-
tion material, in one exemplary embodiment.

Another aspect of an exemplary embodiment of the
present disclosure can be to provide an exemplary coaxial
heat exchanger surrounding the reaction chamber that can
provide an exemplary cooling medium (e.g., but not limited
to, water) to remove heat from the outer surface of the
reaction chamber 122 wall, in an exemplary embodiment. A
portion of the annular space surrounding the reaction cham-
ber 122, in an exemplary embodiment, can form the heat
exchanger (e.g., steam generator) 214 of the apparatus as
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depicted in cutaway view 200 of FIG. 2A, in one exemplary
embodiment. Exemplary thruster/steam ports 218 are further
illustrated in FIGS. 2A and 2C, in one exemplary embodi-
ment. The heat exchanger 214 outside the reaction chamber
122 heats up from the reaction chamber’s outer surface and
the heat in the heat exchanger 214 can heat the water or other
liquid, boiling the liquid into steam to turn a turbine, use as
thrust (via exemplary thruster port 218), and/or other heating
or power applications as discussed herein, in various exem-
plary embodiments. The shell and fittings of the heat
exchanger 214 (shown in FIG. 2A) advantageously can be
made of corrosion-resistant steel, in an exemplary embodi-
ment, for long duration, high temperature operation. Accord-
ing to a preferred aspect of the disclosure, the heat
exchanger 214 can be a relatively low volume flash boiler,
which can be engineered to provide a mist of water or other
liquid coolant to the outer surface of the reaction chamber
122. Although flash boilers have previously been widely
used in other applications, their use in these apparatuses, in
an exemplary embodiment, has never before been proposed.
Advantageously, the boiler, in a preferred embodiment, can
include a sufficient number of spray nozzles 216, (see, e.g.,
FIGS. 2B and 2C) to cool the surface of the reaction
chamber 122 uniformly several tens of degrees below the
average temperature within the cathode 208 of the electroly-
sis apparatus to support the thermal diffusion process.
Cooler water can be provided during start-up, and can
support the thermal diffusion process described above, in an
exemplary embodiment. An exemplary input for the heat
exchanger/boiler advantageously can also be designed to
receive coolant that can pass through the header assembly
100 and cooling chambers 302 of the gas manifold system
described further with reference to FIGS. 3A-E during long
periods of operation for increased system efficiency, in an
exemplary embodiment. The exemplary coolant supply can
contain one or more high pressure water feed pumps to
provide sufficiently high pressure coolant to the cooling
manifold of the header, cooling chambers 302 of the gas
manifold system, and spray nozzles of the boiler/heat
exchanger 214, in an exemplary embodiment. According to
yet another aspect of the present disclosure, the boiler, in an
exemplary embodiment, can also connect with steam and
water pressure regulators to maintain sufficiently high steam
pressure and temperature within the boiler as a result of a
high cathode operating temperature set-point, in one exem-
plary embodiment. Electrically or electronically controllable
valves, temperature and pressure sensors can be electrically
connected or coupled to an electronic control circuit (ECC)
400 (described further with reference to FIGS. 4A-B) to
regulate coolant flow through the header 120 and heat
exchanger 214 both to support required temperatures for the
reaction chamber 122 and to maintain required thrust/steam
output for the system, in an exemplary embodiment. The
controller can be designed to maintain the cathode 208
above the Debye temperature of nickel (about 200° C.),
according to an exemplary embodiment.

The heat exchanger 214, in an exemplary embodiment,
can be envisioned to supply steam conventionally in a
closed-loop configuration to downstream power applica-
tions, some of which can be mobile or transportable. The
heat exchanger can enable the weight of cooling water to be
minimized for these potential applications. The unused
steam and condensate can be recovered through a condenser
and can be returned by the feed pump to the boiler nozzles
and/or header manifold. The system necessarily can include
various mechanical steam controllers, pressure valves and/or
piping for the different applications, according to an exem-
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plary embodiment. Use in spacecraft power applications can
require modifications to this basic design.

According to one exemplary embodiment, it is obvious
(FIG. 1D) that an exemplary additional benefit can be
provided by adding an exemplary thermoelectric generator
comprising an exemplary system of thermocouples around
at least a portion of the reactor outer surface so that heat
from the reactor can also be used to produce electricity
directly, according to an exemplary embodiment. (See for
example, the article on “Use, Application and Testing of
Hi-Z Thermoelectric Modules™ by F. A. Leavitt et al, 2007).

Another aspect of an exemplary embodiment of the
present disclosure can include providing an exemplary com-
pact, modular gas handling system for the electrolysis appa-
ratus, in an exemplary embodiment. Specific functions of
such an exemplary gas handling system (see FIGS. 3A-E)
can include: (1) provide gases to the reaction chamber; (2)
enable gases to be extracted from the apparatus during
operation and maintenance periods; (3) provide temperature
and pressure data used to determine quantities of gases
supplied to the reaction chamber, extracted gas product and
gas removed during maintenance periods; and, (4) monitor
pressures and temperatures to maintain safe operating con-
ditions. From the illustrations of the exemplary embodiment
depicted in FIGS. 3A-E, it will be appreciated that the gas
handling system can be designed and engineered to be
rugged, and occupy an exemplary minimum volume so as to
support future mobile and transportable applications. It will
also be noted that minimal volume of high pressure gas
external to the reaction chamber is an important safety
aspect, in an exemplary embodiment. The gas handling
system, in an exemplary embodiment, can include commer-
cially-available, low-voltage, gas compatible valves, pres-
sure sensors and temperature sensors connected or coupled
to an electronic control circuit/subsystem 400 to, along with
operation of the heat exchanger 214, control system opera-
tion. The temperature sensors, in an exemplary embodiment,
can be calibrated resistive devices that can reflect tempera-
ture changes as changes in resistance, which preferably can
produce a respective voltage drop across the sensor. Pressure
sensors can include a transducer, input power connection or
coupling and/or an output measurement monitor that can
adjust readings for voltage offset and temperature variations,
in an exemplary embodiment. Electric current to valves and
sensors can be supplied by the electronic control circuit 400
illustrated in FIGS. 4A-B, in an exemplary embodiment.

The gas handling system (FIGS. 3A-E) of an exemplary
embodiment can advantageously include an exemplary four
(4) separate gas manifolds that can control gas flow while
minimizing gas volume external to the reaction chamber: 1)
an exemplary hydrogen/deuterium gas supply manifold 310,
2) an exemplary carrier gas supply manifold 320, 3) an
exemplary reaction gas product collection manifold 330, and
4) an exemplary gas measurement and evacuation manifold
340, in an exemplary embodiment. When installed, each
manifold can connect or couple as depicted in FIG. 3A to
separate input ports of the reaction chamber 122 (see, e.g.,
FIG. 1A), and each manifold can be constructed as a
continuous unit to prevent air from entering the manifolds or
the reaction chamber 122, in an exemplary embodiment.
According to one aspect of this disclosure, each of the gas
manifolds can include, e.g., but not limited to, a cooling
chamber or water jacket 302 as shown in FIG. 3A that can
provide cooling for gas tubing and pipes connected or
coupled to the reaction chamber 122 of FIGS. 1A and 2A for
carrying away heat given out by the reaction chamber, in an
exemplary embodiment. These water jackets 302, in an
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exemplary embodiment, can surround the pipes and tubing
so that water through the water jackets can come into contact
with the gas tubing and pipes to transfer heat from the tubing
and pipes, thereby preventing heat from harming the mate-
rials with which the electric valves may be constructed, for
example.

FIG. 3B depicts an exemplary perspective view of an
exemplary hydrogen/deuterium gas supply manifold 310,
according to an exemplary embodiment. FIG. 3B depicts an
exemplary embodiment including, e.g., but not limited to, an
exemplary cooling chamber 302, exemplary mechanical
valves 304, exemplary hydrogen and deuterium gas canis-
ters 311, exemplary gas regulators 312, an exemplary gas
mixing and pressurization container with thermal sensor
313, exemplary electric valves 314, and exemplary pressure
sensor(s) 315, in one embodiment.

As illustrated in FIG. 3B, the hydrogen/deuterium gas
supply manifold 310, in an exemplary embodiment, can
enable predetermined quantities of hydrogen and deuterium
gas to be admitted into the reaction chamber of the elec-
trolysis system, in an exemplary embodiment. The exem-
plary gas supply manifold can be designed and engineered
to contain a relatively low volume of gas and to provide
appropriate quantities to the reaction chamber 122, in an
exemplary embodiment. Exemplary separate connections
and/or couplings can be provided to high-pressure, high
purity gas bottles, such as hydrogen and deuterium bottles,
which sources can be controlled by separate mechanically
and/or by electrically controlled valves 314. According to
another aspect of the present disclosure, the exemplary gas
supply manifold 310, in an exemplary embodiment, can be
required to operate in short, incremental steps due to the
small quantities of gas involved in the heat-producing reac-
tions, in an exemplary embodiment. With hundreds of watts
of heat from cubic centimeters of reaction material, only
approximately 10 to the exponent 16 molecules per second
are needed. For this reason, but advantageously as an
enhanced safety measure, the valves can be engineered to be
normally closed, in an exemplary embodiment, but then can
be opened and/or closed, so as allow gas to move into the
reaction chamber 122, in one exemplary embodiment. For
reference, see, e.g., Clark Cooper valve model EH40-
04A120-HY. Commercially-available valves can typically
open and close in 50 to 100 milliseconds (0.050-0.1 sec-
onds). According to yet another aspect of the present dis-
closure, it should also be noted that the exemplary gas
supply manifold can include a small gas mixing and pres-
surization container or tank 313 whose known volume can
enable these small quantities of gas to be determined
through pressure, temperature and volume calculations
before the gas can be transferred into the reaction chamber
122, in an exemplary embodiment. The manifold can also
contain purge ports 316, which can be used to evacuate gases
manually from its components as needed.

FIG. 3C depicts an exemplary perspective view of a
carrier gas supply manifold 320, according to an exemplary
embodiment. Depicted is an exemplary carrier gas supply
manifold, including exemplary cooling chamber 302, exem-
plary mechanical valves 304, exemplary carrier gas canister
321, exemplary gas regulator 322, exemplary electric valve
(s) 314, and/or exemplary purge port 316, in one embodi-
ment. The carrier gas supply manifold 320 can control
carrier gas emitted into the exemplary reaction chamber 122
of FIG. 2A during start-up and maintenance periods, in an
exemplary embodiment. Similar to and as for the hydrogen/
deuterium gas supply manifold 310, the carrier gas supply
manifold 320 can also be designed to contain a low gas
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volume and to provide very small quantities of carrier gas
(preferably argon) to the reaction chamber, in an exemplary
embodiment. The valves of carrier gas operate in short,
incremental steps with carrier gas valves normally closed
but opened and closed to move carrier gas into the reaction
chamber 122, according to an exemplary embodiment. The
carrier gas supply manifold 320 can contain purge ports used
to evacuate gases from their components, in an exemplary
embodiment. The example hydrogen/deuterium gas supply
manifold 310 of FIG. 3B and carrier gas supply manifold
320 of FIG. 3C, can be built, according to one embodiment,
to be sufficiently rugged to contain the high pressure gases,
and, for example, can be preferably constructed with high
pressure, seamless Y4 inch, stainless steel tubing, or the like.
The inner diameter of the exemplary tubing can be approxi-
mately Y4 inch in an embodiment.

FIG. 3D depicts an exemplary top perspective view of an
exemplary reaction gas product collection manifold 330,
according to an exemplary embodiment. Depicted is an
exemplary reaction gas product collection manifold 330,
including, e.g., but not limited to, an exemplary cooling
chamber 302, exemplary mechanical valve(s) 304, exem-
plary electric valve(s) 314, an exemplary separator valve
with an electronic interface for matter output (EIMO) 333,
exemplary pressure sensor 315, and exemplary reaction gas
collection tank/bottle with thermal sensor 336, according to
one exemplary embodiment. In a preferred embodiment, the
exemplary electronic interface or EIMO 333 can include an
acoustic or other type of electronic interface, a gas detector,
and/or a reaction product sensor. In an exemplary embodi-
ment, the electronic interface or EIMO 333 can be config-
ured to manage material output through the separator valve
and facilitate estimation of quantities of reaction gas being
collected. The reaction gas product collection manifold 330,
in an exemplary embodiment, can also enable reactant gas to
be temporarily stored in a separate collection tank/bottle (not
shown). Advantageously, the manifold 330, in an exemplary
embodiment, can contain a purge port 316 (not labeled),
which can be used for this purpose. The reactant gas or
reaction gases are made to flow from the collection tank 336
through the purge port and into the separate collection tank
by pressure differences between the two collection tanks.
Evaluation of reactant gas collected through the purge port
can be performed off-line with a commercial binary gas
analyzer (for reference, see, e.g., Stanford Research Systems
model BGA244), whose data can also be used to verify
EIMO gas measurements. Quantities of gases to be extracted
also can be determined through pressure, temperature and
volume calculations for gas in the collection bottle. As for
the gas supply manifolds, the reaction gas product manifold
330 is designed for safety to withstand high pressure and to
contain a low gas volume, in an exemplary embodiment. The
reaction gas product manifold, in an exemplary embodi-
ment, can be designed and engineered, however, to operate
only when reaction gas needs to be collected, whereupon
manifold valves 314 can be operated to move gas product
into the collection tank/bottle, in an exemplary embodiment.
The valves can be closed during other periods of operation,
such as during start-up and maintenance periods, in an
exemplary embodiment. The reaction gas product collection
manifold may be preferably constructed with exemplary
high pressure %4 inch stainless steel pipe with ¥4 inch inner
diameter, in an embodiment.

FIG. 3E depicts an exemplary top perspective view of an
exemplary gas measurement and evacuation manifold 340,
according to an exemplary embodiment. Depicted is an
exemplary gas measurement and evacuation manifold 340,

10

15

20

25

30

35

40

45

50

55

60

65

24

including, e.g., but not limited to, exemplary cooling cham-
ber 302, exemplary mechanical valve(s) 304, exemplary
electric valve(s) 314, exemplary measurement tank with
thermal sensor 343, and exemplary pressure sensor(s) (not
labeled) in one embodiment. Also, as an enhanced safety
measure, an exemplary separate safety tank/bottle 1112 can
be provided for transfer through an exemplary safety valve
rupture disc 1132 of gas from the exemplary reaction
chamber 122 of FIGS. 1A and 2A, if high pressure limits are
exceeded, in an exemplary embodiment. The gas measure-
ment and evacuation manifold 340 can enable the apparatus,
including the reaction chamber 122 and key portions of
other manifolds, to be evacuated during maintenance peri-
ods, in an exemplary embodiment. Advantageously, the
manifold 340 can contain an exemplary purge port(s) 316 for
this purpose, in one exemplary embodiment. According to
another aspect of the present disclosure, the measurement
tank or bottle 343 has a known volume to enable quantities
of extracted gas to be determined through pressure, tem-
perature and volume calculations before the gas is evacuated
from the system. The exemplary reaction gas measurement
and evacuation manifold 340 is designed to withstand high
pressure and to contain a low gas volume, in an exemplary
embodiment. The manifold 340 can also be designed to
withstand high vacuums impressed on the system during
maintenance periods. The manifold 340 can be constructed
with high pressure Y4 inch stainless steel pipe with ¥4 inch
inner diameter, in an exemplary embodiment.

Referring now to FIGS. 4A-B, the preferred embodiment
of the modular electronic control circuit (ECC) or sub-
system 400 can include robust off-the-shelf electronic and
electrical components, to include a special-purpose com-
puter and/or monitor, microprocessor or microcontroller 401
with control software, long-term data storage unit(s), anode-
to-cathode voltage/current supply 402, anode heater supply
403, gas valve power supply(ies) 404, nuclear radiation
sensor electronics, starter/initiator/microwave electronics
405, heat exchanger electronics 406 and uninterruptible
power supply (UPS) 407. The ECC can communicate with
a wide number of electronic components, and can include
temperature and pressure sensors for calculation of gas
quantities to inject into the reaction chamber, according to an
exemplary embodiment. The basic functionality of the
modular ECC was described earlier in U.S. Pat. No. 6,248,
221 B 1, the content of which is incorporated herein by
reference in its entirety, and will not be repeated here.

According to an exemplary embodiment, the ECC’s
exemplary hardware components can include a single-board
computer containing a processor chip with accessory and
supporting circuitry and relay boards. In an exemplary
embodiment, the ECC can include, e.g., but not be limited
to, a controller area network (CAN) transceiver chip and
port 408; a universal serial bus (USB) port; an RS 232 serial
port; general-purpose input and output(s) (GPIO) 409; an
ethernet physical (PHY) interface and port connector; a
VGA output display port (or SVGA, XGA, or HDMI) and
connector; an external memory; an analog input extender
board; an analog output extender board; and/or control area
network containing digital output modules, digital input
modules, analog output modules, analog input modules; a
power supply; a process power supply; a bipolar (z), vari-
able, high voltage and current power supply 402; an isolated
power supply; equipment power supplies; a 12 volt DC
power supply; an isolated 12 volt DC power supply; a 24
volt DC power supply, an isolated 24 volt DC power supply;
a video screen; a display screen; an output device; an input
device; a keyboard; a touch display; or a relay board.
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According to other exemplary embodiments, various other
input devices, output devices, sensor(s), accelerometer(s),
pressure sensor(s), touchscreens, communication network
subsystems, wireless communication, and other components
can be integrated into the system.

According to an exemplary embodiment, the ECC’s
exemplary software components for process control and
optimization can include, e.g., but not be limited to: a
multiple-input and multiple-output (MIMO) control process;
a MIMO control algorithm; a proportional-integral-deriva-
tive (PID) control algorithm; a feedback controller; a Pulsed
Chamber Pressurizer algorithm; a least means square (LMS)
algorithm for optimization; a Gradient Search by Steepest
Descent algorithm; Box-Jenkins algorithm to “system 1D”
linear portions of the process; a Hammerstein-Wiener Sys-
tem estimator to “system ID” nonlinear portions of the
process; a Radial Basis Network for system modeling to
“system ID” linear and/or nonlinear portions of the process;
a Principal Component Analysis (PCA) system to facilitate
the system modeling process; and/or an Embedded Linux or
other Operating System upon which the aforesaid process
control and optimization software can execute.

According to an exemplary embodiment, the Pulsed
Chamber Pressurizer can include, e.g., but not be limited to,
a software algorithm that can control input gas valves such
that a gas chamber is methodically charged with a proportion
of gas(es) to a specified setpoint(s), e.g., even if the differ-
ential pressure from the input gas supply line(s) to the
reaction chamber is much greater than the reaction chamber
pressure. “Charge” (in the context of gases), in an exemplary
embodiment, is the accomplishing of the correct pressuriza-
tion and proportion of gases while compensating for tem-
perature change during pressurization. Alternative embodi-
ments can be constructed from hardware using, e.g., but not
limited to, a field programmable gate array (FPGA), an
application specific integrated circuit (ASIC), and/or other
technology. For clarification, correct pressurization is a
subset of charging. “System ID” means to model, discover
and identify system process characteristics under a broad
range of input conditions and to create a mathematic model
that accurately describes the same characteristics, where the
same model can be implemented into control system soft-
ware in the form of parameterization, in an exemplary
embodiment.

FIG. 4A depicts an exemplary circuit architecture 400 for
the ECC, according to one exemplary embodiment. One
unique aspect, in one exemplary embodiment of the ECC
can include, e.g., but not be limited to, real-time control of
the reaction process through combined independent and
interdependent application of control elements (processor
outputs) indicated above: the voltage/current source
between the anode and cathode (represented by 402) pro-
viding a potential difference between the anode and cathode;
the anode heater 403; the heat exchanger (represented by
406); and the microwave source 405, all of which facilitate
additional transport of gas between the anode and cathode
and each supporting diffusion of gas into the reaction
material, in one exemplary embodiment. For clarification,
the exemplary process, in one exemplary embodiment, may
be enabled through an exemplary single control element,
multiple elements or through a combination of all elements
acting synergistically.

According to another important aspect of the present
disclosure, the exemplary ECC can, e.g., but not be limited
to, provide, monitor, analyze and otherwise control the
necessary and desired sequence of operational steps during
set-up and initial steps of reactor operation, in one exem-
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plary embodiment. (See exemplary numbered items in the
process and software architecture depicted in FIG. 4B).
Advantageously, in an exemplary embodiment, the possible
amount of energy that can be produced through chemical
reactions in the initial exemplary feature steps (#1) of
reactor operation can be mathematically determined from
known quantities and physical characteristics (e.g., mass and
volume) of the reactor and cathode material, as well as
included oxygen and hydrogen, for example. This excess
amount of chemical energy produced during the initial steps
of reactor operation, as determined by real-time pressure and
temperature measurements, can then be compared against
the expected energy (i.e., chemical and nuclear), in an
exemplary embodiment. In an exemplary embodiment, addi-
tional sequences of carrier gas/vacuum purging steps can be
performed as needed to limit the amount of aforesaid
chemical energy produced.

According to another important aspect of the present
disclosure, during both exemplary initial and exemplary
continuous steps of exemplary reactor operation (#2/3), the
ECC can provide exemplary precise control of gas pressure
and proportion of the mixture of gases in the reactor, in one
exemplary embodiment. This can be accomplished with the
exemplary Pulsed Chamber Pressurizer algorithm applied to
charging the mixing chamber and to charging the reaction
chamber, in one exemplary embodiment. Due to the high
amount of pressure in the gas supply and relatively low
pressure and quantity of gas for the mixing chamber and
reaction chamber, conventional control of gas flow is not
sufficient for optimum chamber pressure and mixture pre-
cision. The gas valves can, therefore, be pulsed open for time
intervals less than or equal to the valve’s maximum open and
close time, whereby the amount of gas in each pulse is small
relative to the amount of gas required in the chamber, and
the amount of gas flow is determined by the number of
pulses, in one embodiment. The amount of each type of gas
and the corresponding number of pulses required can be
calculated algorithmically according to measured inputs,
including, in one exemplary embodiment, supply tank pres-
sure, reaction chamber volume, pressure and temperature,
mixing chamber volume, pressure and temperature, and the
user-determined chamber pressure and temperature set-
points, in one embodiment. In an exemplary embodiment,
volumes to be loaded with deuterium and/or hydrogen gas
(reference “A Theoretical Model for Low-Energy Nuclear
Reactions in a Solid Matrix” by K. P. Sinha, 1999) can
include the annular space around the anode and within the
cathode material for which the ECC can calculate and limit
loading objectively to less than a maximum allowed quantity
of gas for each unit volume of reaction material (e.g., million
atoms).

According to another important aspect of the disclosure,
the microwave source can operate by irradiating the reaction
volume (cavity) with electromagnetic radiation by methods
known to those skilled in the art of microwave plasma
generators, in one exemplary embodiment. See, for example,
“The Large Volume Microwave Plasma Generator: A New
Tool for Research and Industrial Processing,” by R. G.
Bosisio et al. and “Microwave Discharges: Generation and
Diagnostics,” by Yu. A. Lebedev. In an exemplary embodi-
ment, the antenna for the microwave source causes the
cavity between the anode and cathode to operate at a
commonly used microwave frequency, e.g., 2.45 GHz, to
create polarized movement of the deuterium, hydrogen and
argon carrier gas mixture, thereby increasing the electron-
gas molecule collision frequency. According to an aspect of
the disclosure, the improved ECC can include a robust loop
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or other microwave antenna that, instead of being exposed,
advantageously can be encased in a ceramic tube to provide
mechanical stability and otherwise protect the antenna, in
one exemplary embodiment. According to another aspect of
the present disclosure, the coax cable for the antenna can be
connected or coupled to the antenna, and the antenna and the
ceramic tube can be made as an integrated component for
ease of repair or replacement during maintenance, in one
exemplary embodiment.

Another unique aspect of the exemplary ECC is the
example capability of continuous data collection and log-
ging (#4), in one exemplary embodiment. Data logging can
provide continuous sampling of system sensors at an
example constant sampling rate, as determined by engineer-
ing and scientific personnel prior to and/or during system
operation. Data logging can be automatic and processor-
based, in one exemplary embodiment. In one exemplary
embodiment, system software can detect a single sensory
event or any multiple combinations of sensor events occur-
ring within the logged data or in real time. System control
parameters can be determined empirically from a computer
analysis of the logged data and from knowledge of signifi-
cant system events extracted therefrom and enabled by
System ID, in one exemplary embodiment. The information
contained in the same logged events can be used to improve
and optimize reactor operation through adjustment of con-
trol parameters and internal algorithm parameters as well as
thresholds for fail-safe operation enabled by adaptive pro-
cesses, in one exemplary embodiment. This capability can
also recognize patterns amongst the sensory inputs that can
indicate any of a number of system conditions, including
hazard to persons or equipment, and can control system
component failure whether partial, intermittent or full and
system operational inefficiencies, in one exemplary embodi-
ment.

Exemplary Electronic Control Circuit Tasks/Functions in
an exemplary embodiment include:

1. Provide automated system pre-startup sequence;

2. Provide automated charging of mixing chamber and

reaction chamber;

3. Control reaction chamber dynamics during startup
and/or operation;

4. Provide automatic fail-safe shut down procedures;

5. Provide long term application and/or automatic adjust-
ment of control system output signals to the process to
facilitate the empirical discovery of the signal levels
required to initiate, control and/or maintain a desired
reaction and to otherwise enable controllability and
repeatability;

6. Provide process measurements for real-time human
operator observation;

7. Enable human interface with the process through video
screens where an operator or engineer can initiate
and/or terminate a process, and/or adjust specified
control system parameters to change the speed, nature
and intensity of a process;

8. Provide detection of significant system events and/or
combinations thereof, measured from sensory input
field devices, and/or further provide a corresponding
threshold table upon which the control system auto-
matically responds;

9. Provide a collection of data from one or more, or all
sensory input devices sampled and stored in an exem-
plary static, external device connected or coupled
through, e.g., the processor board USB port;

5

25

35

40

45

28

10. Provide adaptive algorithms for system self adjust-
ment and/or system identification algorithms for mod-
eling of system characteristics; and/or

11. Measure the excess heat as a function of time.

In one embodiment, the input valve(s) can be pulsed such
that no temperature-compensated pressure setpoint is over-
shot by more than a specified value (e.g., 5 psi) and such that
the specified charging process completes in less than a time
setpoint where pressure(s) are within a differential psi of the
temperature-compensated setpoint(s) according to one
exemplary embodiment. Selection of gas(es), the proportion
thereof, and pressurization setpoint(s) are engineer speci-
fied, in one embodiment. Furthermore, the charge speed
versus overshoot risk can be operator controlled through the
use of engineer accessible control parameters, in one
embodiment. A threshold table can be built in software
containing a list of actions, some initiated by interrupt,
corresponding to a list of events characterized by sensory
device input, or combinations thereof, where the system fails
to maintain or timely achieve thresholds, in one embodi-
ment.

According to an exemplary embodiment, an electronic
control system can include a processor (e.g., FPGA, PLC,
embedded CPU, ARM-based controller, microcontroller,
ASIC, etc.), wherein the reaction contained in the reaction
chamber can be controlled by a computer implemented
control algorithm and control algorithm parameters are
determined adaptively through an iterative or empirical
process. According to an exemplary embodiment, the activ-
ity in the reaction chamber can have some nonlinearity, thus,
an embodiment can include a learning algorithm configured
to optimally adjust parameters. The system can be adaptive,
in an exemplary embodiment. The system can use feedback
control and be adaptive. It can also, for example, be con-
nected with, or coupled to, and provide signaling to
mechanical steam controllers and pressure valves for differ-
ent possible power applications, see, e.g., but not limited to,
FIG. 5.

Assembly and Operation

These details can enable one skilled in the art to assemble
the apparatus’ custom-designed and off-the-shelf parts with-
out an undue amount of additional research into system
design. Many technology companies already have much of
the needed electronic equipment. The manufacturer of con-
solidated cathode reaction material, as example, may use the
apparatus to quantify the ability of manufactured cathodes to
absorb deuterium or hydrogen gas. The system would enable
the reaction material initially to be subjected to high vacuum
and subsequently to measured quantities of one gas or both.
Temperature and pressure measurements recorded during
steps of the process can be used to quantify amounts of gas
able to be absorbed, and these data then used to improve on
reaction material design and for quality control of the
cathode manufacturing process. The operator may use the
apparatus to investigate the possible amount of energy
produced through chemical reactions. The nuclear scientist
investigating types of reactions in the cathode may use the
apparatus to quantify the amounts of reaction products
produced. The system would enable small samples of reac-
tion product gases to be extracted from the reaction gas
product manifold and subjected to further measurements and
study. The space power engineer may use the apparatus to
quantify any amount of thrust that could be provided from
the heat exchanger.

Assembly.

A new cathode is inserted into the reaction chamber and
a new heater is inserted into the anode. The header is mated
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to internal support insulators and connections are made to
header feedthroughs from the anode, anode heater, micro-
wave antenna and thermocouple temperature sensor. The
completed header assembly is lowered into the reactor and
sealed with metallic seals. The reaction chamber is fitted into
the heat exchanger and sealed. The four gas manifolds are
mated with the reaction chamber. Electrical connections are
made with the header feedthroughs and manifold tempera-
ture and pressure sensors and valves. After mechanical and
electrical assembly, the system’s software is loaded into its
computer or microprocessor and exercised to demonstrate
that all operations are appropriately controlled. The com-
puter/data acquisition system would be set to continuously
(e.g., each second) record data from all voltage and current
sources, temperature and pressure sensors, and valve set-
tings.

Preparation for Operation.

The sequence of operations would begin with all valves
closed. The system is pressurized and valves cycled to
ensure that leaks do not occur from the reaction chamber,
header and manifolds. The reactor would then be subjected
to a sequence of vacuum and high temperature cycles.
Carrier gas would be provided to help remove oxygen. The
system under vacuum is allowed to bake until no further
pressure changes occur. At this time, the cathode is assumed
to be depleted of absorbed gases. Vacuum pumping is valved
off. The natural pressure rise in the system is documented
versus time.

Fueling and Loading.

The sequence of operations from this point would vary
according to operational objectives. In general, a small
increment of deuterium would be provided first to the
reaction chamber before any hydrogen. Pressure inside the
reaction chamber would be monitored to determine loading
of the cathode with gas; and, loading steps would be
repeated as needed. After sufficient loading, the reaction
chamber would be subjected to high temperature from the
anode, and to high voltage potential on the anode. The heat
exchanger would be cycled briefly to cool the outer surface
of the reaction chamber. These loading steps would be
repeated as additional deuterium and/or hydrogen is loaded
into the cathode. Data recorded by the computer would be
used to determine the efficiency with which the cathode is
loaded and the amount of any energy produced.

Operation and Mature Operation.

The fueled reaction chamber is now ready for operation.
The heat exchanger and other elements of the cooling
system, anode heater and anode voltage are engaged. The
cathode remains at ground potential. The reaction chamber
pressure and temperature are monitored to ensure that oper-
ating limits are not exceeded. Loading steps would be
repeated as additional deuterium and/or hydrogen is required
to be loaded into the cathode. Microwave excitation can be
applied to improve ionization and potentially excite the
cathode lattice structures. Data recorded by the computer is
used to determine the efficiency with which the cathode is
loaded and the amount of energy produced during operation.
Electronic computer control operates the system according
to planned set points. After some period of operation,
temperature in the reaction chamber can be expected to
decrease as gas is consumed and reaction products increase.
Computer control can reestablish the operating point by
quickly pulsing the gas valves to admit the necessary
quantity of deuterium/hydrogen. Reaction gas product is
removed after a sufficiently long period of operation by
operating valves in the collection gas manifold. The exhaust
gas can then be further processed as desired.
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Quenching and Shutdown.

Input energy (anode heat, anode-to-cathode current and
microwave excitation) is terminated when it is desired to
stop the reactor. The reactor will relax to an energy neutral
state and the cooling system is used to reduce the tempera-
ture to ambient. Inert carrier gas can be injected to quench
the system. When this is complete, the vacuum system can
be used to empty the reactor in preparation for maintenance
or the next operational cycle.

If demonstrated to produce energy efficiently, the present
disclosure has potential application in many situations that
require a long-term, continuous source of heat energy with
minimal environmental and safety concerns, inexpensive
and small-volume fuel requirements, and simplified opera-
tional procedures with little necessary monitoring. In many
possible applications greatly reduced initial capital costs can
be expected. Following are a few exemplary, but non-
limiting examples of its potential applications:

Primary use can include replacement for existing heat
sources in conventional and nuclear power plants. Example
advantages can include lack of fossil fuel emissions and
fossil fuel requirements. In nuclear systems, example advan-
tages can include lack of radioactive waste, minimal shield-
ing requirements and standoft distances, and elimination of
large onsite inventory of high-level radioactive materials
(i.e., avoidance or elimination of meltdown risk of Fuku-
shima, Chernobyl, Three Mile Island and other potentials).
Arrays of supplemental thermoelectric generator elements
can be used to create energy from heat. Further the heat
source can be used for desalinization of water, in exemplary
embodiments.

Potential use can include distributed power production
systems. Localized (such as, e.g., but not limited to, city,
neighborhood, individual building) power plants can use
these embodiments. Example advantages over traditional
centralized generation and distribution can include, but are
not limited to, cost savings from lack of high maintenance
distribution networks, improved efficiency from lack of
transmission losses, and reduced susceptibility to mass
failures (from, e.g., but not limited to, natural disasters, war,
terrorism, electromagnetic pulse (EMP) disturbance, coronal
mass ejection (CME), etc.).

Many nations maintain outposts and research facilities in
polar and/or other remote and/or other power accessibility
poor regions. These embodiments can potentially support
these needs and greatly reduce associated environmental
concerns. By comparison, conventional nuclear sources are
environmentally unpalatable and conventional fossil fuel
systems can have enormous logistical problems in these
application.

Deep space operations have a critical need for long-lived
power sources, as may be provided by embodiments in this
disclosure. Sufficient conventional fuels cannot be conven-
tionally carried along. Solar power becomes less useful as
the distance from the sun increases. A nuclear isotope
thermoelectric generator (i.e., a current solution) can be
expensive and can present unusual risks in launch. The
embodiment in this disclosure can require minimal and
lightweight fuel requirements and potentially replace iso-
tope cores in thermoelectric generator systems.

The system in this disclosure can potentially be used in
modular designs where some modular systems are imprac-
tical. Accordingly, the exemplary system can include the use
of multiple, identical and aggregated and/or coordinated
systems, plus there can be an environmental benefit. An
exemplary embodiment can support distributed energy sys-
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tems and can support an exemplary neighborhood system,
which by its close locality, can avoid transmission losses.

A system derived from this disclosure can potentially be
very useful in desalinization and/or other water producing
facilities worldwide as a primary heat source, or for provid-
ing electricity. Such facilities will likely be in high demand
based on current population projections.

It is possible that the system can be adapted to meet
propulsion requirements for both land-based and seagoing
transport vehicles and become an alternative to conventional
nuclear technology in subsurface vehicles.

Industrial operations, such as chemical processing, syn-
thesizing, and refining, along with many manufacturing
facilities, have requirements for sources of heat that do not
have the safety concerns of conventional burning of fossil
fuel. Similar considerations exist in facets of mining indus-
tries. Systems derived from this disclosure could reduce fire
and explosion hazards and minimize contamination, unlike
conventional sources.

Smaller power sources can be very useful in regions of the
world that have little or no modern infrastructure. According
to other exemplary embodiments, multiple uses can range
from small direct thermoelectric generators to sterilization
facilities for rural or temporary clinics.

Various other possible applications of energy and heating
can be used, as will be apparent to those skilled in the
relevant art, according to an exemplary embodiment.

SUMMARY OF THE PREFERRED EXEMPLARY
EMBODIMENTS

According to a preferred embodiment, the gaseous elec-
trolysis apparatus comprises a cooled header with at least
one electrical connector or coupling; a heat exchanger
configured to remove heat from a surface of the reaction
chamber; a gas handling system mechanically coupled to the
reaction chamber; and, an electronic control circuit electri-
cally connected to the header and gas handling system.

According to a preferred embodiment, the said header, as
shown in FIGS. 1D and 6B, comprises a cooling apparatus;
cooling manifold or water jacket and at least one
feedthrough to a header cooling manifold proximate to said
header.

According to a preferred embodiment, at least one
feedthrough, as shown in FIGS. 1B-C and 6C, comprises a
pressure side oriented towards the inside of the reaction
chamber, is welded into a thermal plate or comprises a
threaded coupling, and extends beyond the header for con-
nection with the electronic control circuit.

According to a preferred embodiment, the header, as
shown in FIGS. 1B-C and 2A, comprises an anode connec-
tion, anode heater wire connections, microwave antenna
connection, thermal sensor connection, microwave loop
antenna, and insulator(s) configured to electrically isolate,
minimize the volume where gas resides, and provide
mechanical support for components within the reaction
chamber.

According to a preferred embodiment, the gaseous elec-
trolysis apparatus further comprises a modular, removable
anode, as shown in FIGS. 2A-B and 6D. The edges of the
anode facing the cathode are tapered or curved to help
prevent high voltage breakdown between the anode and
cathode.

According to a preferred embodiment, the gaseous elec-
trolysis apparatus further comprises a modular, removable,
hollow-shaped, cylindrical cathode, as shown in FIGS.
2A-B and 6E, with a central cavity configured to receive the
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anode, encased by an outer metal supporting sleeve, and
bounded at its base and top with insulator endcaps. The
cathode is co-disposed about the anode within the reaction
chamber and the cathode and anode are coaxial. The edges
of the reaction material part facing the anode are tapered or
curved to help prevent high voltage breakdown between the
anode and cathode.

According to a preferred embodiment, the heat exchanger,
as shown in FIG. 2C, is modular and comprises a relatively
low volume flash boiler engineered to provide a mist of
water or other coolant to the outer surface of the reaction
chamber, a plurality of spray nozzles to cool at least one
portion of the reaction chamber, at least one steam pressure
port, and at least one thruster port configured to provide
pressure output. The heat exchanger is co-disposed around
the reaction chamber.

According to a preferred embodiment, the gas handling
system, as shown in FIGS. 3A-E, comprises four separate
gas manifolds that can control gas flow while minimizing
gas volume external to the reaction chamber: a hydrogen/
deuterium gas supply manifold; an inert carrier gas mani-
fold; a reaction gas product collection manifold; and a gas
measurement and evacuation manifold.

According to a preferred embodiment, the gas manifolds,
as shown in FIGS. 3A-E, comprise a cooling chamber or
water jacket to provide cooling for gas tubing and pipes
connected or coupled to the reaction chamber, gas compat-
ible valves, pressure and temperature sensors connected to
the electronic control circuit/subsystem, tanks or containers
whose known volume enables small quantities of gas to be
determined by calculating pressure, temperature and volume
before gas is transferred into or out of the reaction chamber,
and purge ports which can be used to evacuate gases
manually.

According to a preferred embodiment, the reaction gas
product collection manifold comprises a container config-
ured to temporarily store reactant gas and periodically
permit extraction from the container and an acoustic sensor
subsystem or other type of electronic interface to facilitate
estimation of reaction product gas quantity, as shown in
FIGS. 3D and 6F.

According to a preferred embodiment, the electronic
control circuit (ECC), as shown in FIGS. 4-5, comprises
off-the-shelf electronic and electrical components, to include
a special-purposed computer and/or monitor, microproces-
sor or microcontroller with control software; long-term data
storage unit(s); special-purposed anode-to-cathode voltage/
current supply; anode heater supply; gas valve power sup-
plies; nuclear radiation sensor electronics; microwave
starter/initiator electronics; heat exchanger electronics; and
uninterruptible power supply (UPS).

Other modifications and variations to the disclosure will
be apparent to those skilled in the art from the foregoing
disclosure and teachings. Thus, while only certain embodi-
ments of the disclosure have been specifically described
herein, it will be apparent that numerous modifications may
be made thereto without departing from the spirit and scope
of the disclosure.

Therefore, we claim:

1. A modular gaseous electrolysis apparatus, wherein an
electrolyte is gas, the gaseous electrolysis apparatus com-
prising:

an actively-cooled header module with at least one elec-

trical connector or coupling, and

wherein said actively-cooled header module is config-
ured to be one of:
opened/removed, and
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closed/installed;

a heat exchanger module configured to:
remove heat from a surface of a reaction chamber

module; and

facilitate and control a thermal gradient through a
removable cathode module, and a wall of the reac-
tion chamber module, wherein said heat exchanger
module is separate from the removable cathode
module, and wherein the reaction chamber module is
configured to receive the gas electrolyte;

wherein said heat exchanger module is capable of
assembly, and disassembly, and

wherein the gaseous electrolysis apparatus comprises at
least one or more of:
wherein the gaseous electrolysis apparatus is config-

ured to include hermetic seals to maintain integrity
in an elevated pressure and temperature environ-
ment;

a flash boiler is configured to provide a mist of water
or other coolant to the outer surface of the reaction
chamber module; or

a plurality of spray nozzles is configured to cool at
least one portion of the reaction chamber module
and to facilitate and control thermal diffusion
through the removable cathode module; and

at least one or more of:
at least one steam pressure port; or
at least one thruster port configured to provide

pressure output;

a gas handling system, configured to provide the gas
electrolyte, said gas handling system mechanically
coupled to the reaction chamber module and separate
from the reaction chamber module,
wherein said gas handling system comprises at least

one or more of:

a measurement container configured to temporarily
store reactant gas and periodically permit extrac-
tion of the reactant gas from said measurement
container; or

a subsystem comprising an acoustic sensor or other
type of electronic interface, configured to facilitate
estimation of quantities of reactant gas;

an electronic control circuit module electrically
coupled or connected to said actively-cooled header
module and said gas handling system and configured
to electronically control said gas handling system;

a modular, removable anode module comprising:
an electric heater disposed within the modular, remov-

able anode module;

wherein said actively-cooled header module, said heat
exchanger module, the removable cathode module, said
modular, removable anode module, said electric heater,
said gas handling system, and said electronic control
circuit module are removably and mechanically
coupled to the reaction chamber module; and

wherein said gas handling system comprises:

a gas manifold module that controls gas flow external to
the reaction chamber module,

wherein said gas manifold module comprises:

a reaction gas product collection manifold module,
mechanically coupled to said reaction chamber mod-
ule, and coupled to a reaction gas product collector
and further comprising:

at least one mechanical valve;

at least one electronically controlled valve;

at least one separator valve with an electronic interface for
matter output (EIMO);
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at least one pressure sensor;

at least one exemplary reaction gas collection tank or

bottle comprising a thermal sensor; and

wherein said at least one electronic interface for matter

output (EIMO) comprises at least one or more of:

the at least one acoustic sensor or other type of elec-
tronic interface;

at least one gas detector, or

at least one reaction product sensor; and

wherein said at least one electronic interface for matter

output (EIMO) comprises being configured to at least

one or more of:

manage material output through said at least one sepa-
rator valve; or

facilitate estimation of quantities of reaction gas being
collected.

2. The gaseous electrolysis apparatus according to claim
1, wherein said actively-cooled header module is configured
to enable the gaseous electrolysis apparatus to be operated
for a period of time between maintenance periods, and
wherein said actively-cooled header module comprises at
least one or more of:

a physically extended cooling manifold or water jacket, to

improve thermal efficiency; or

at least one feedthrough to a header module cooling

manifold proximate to said actively-cooled header
module.

3. The gaseous electrolysis apparatus according to claim
2, comprising said at least one feedthrough configured and
constructed with at least one conductor surrounded by at
least one insulating material to maintain integrity of elec-
tronics fed therethrough during a period of at least one or
more of: a variable duration, or a long duration, of elevated
pressure and temperature environment, and

wherein said at least one feedthrough comprises at least

one or more of:

is welded into a thermal plate;

wherein one end of said feedthrough extends beyond
said actively-cooled header module for connection
with the electronic control circuit module; or

wherein said at least one feedthrough comprises a
threaded coupling.

4. The gaseous electrolysis apparatus according to claim
1, wherein said actively-cooled header module comprises:

a gasket to seal the actively-cooled header module to a top

of a body of the reaction chamber module;

at least one anode module connection;

at least one anode module heater wire connection config-

ured such that a heater is configured to raise a tem-
perature of reaction material in the removable cathode
module;

at least one thermal sensor connection;

at least one ceramic-encased microwave loop antenna

configured to:

facilitate transport of the gas electrolyte between an
anode module and the removable cathode module;
and

support diffusion of the gas electrolyte into a reaction
material; and

at least one insulator configured to at least one or more of:

electrically isolate;

minimize a volume where the gas electrolyte resides; or

provide mechanical support for components of the
heater module within the reaction chamber module.

5. The gaseous electrolysis apparatus according to claim
1, wherein the

modular, removable anode module further comprises
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wherein edges at the ends of said modular, removable
anode module facing the removable cathode module
are tapered or curved to help prevent high voltage
breakdown between the modular, removable anode
module and the removable cathode module.

6. The gaseous electrolysis apparatus according to claim

1, wherein the removable cathode module comprises:

a modular, removable, hollow-shaped, cylindrical remov-

able cathode module, electrically coupled, connected,

5

or grounded to the reaction chamber module with a 10

central cavity configured to receive an anode module;

wherein the removable cathode module is-encased by an
outer metal supporting sleeve;

wherein the removable cathode module is bounded at a
base and at a top of the removable cathode module with
at least one insulator endcap; and

wherein edges at the ends of a reaction material part of the
removable cathode module facing the anode module
are at least one of tapered or curved to help prevent
high voltage breakdown.

7. The gaseous electrolysis apparatus according to claim
1, wherein said heat exchanger module comprises at least a
portion of a space surrounding the reaction chamber module,
and

is co-disposed around the reaction chamber module.

8. The gaseous electrolysis apparatus according to claim
1, wherein said gas handling system comprises: four (4)
separate gas manifold modules, coupled to said reaction
chamber module, said four separate gas manifold modules
are configured to control gas flow external to the reaction
chamber module, while serving to minimize gas volume
external to said reaction chamber module,

wherein said four separate gas manifold modules com-
prise:

a hydrogen/deuterium gas supply manifold module,
mechanically coupled to said reaction chamber mod-
ule, and coupled to a hydrogen/deuterium supply gas
supply source;

an inert carrier gas manifold module, mechanically
coupled to said reaction chamber module, and
coupled to an inert gas supply source;

a reaction gas product collection manifold module,
mechanically coupled to said reaction chamber mod-
ule, and coupled to a reaction gas product collector;
and

a gas measurement and evacuation manifold module,
mechanically coupled to said reaction chamber mod-
ule, and coupled to a gas measurement and evacua-
tion device.

9. The gaseous electrolysis apparatus according to claim
8, wherein each of said four separate gas manifold modules,
coupled to said reaction chamber module, comprises:

a cooling chamber or water jacket to provide cooling for
gas tubing and pipes connected or coupled to the
reaction chamber module;

at least one normally closed, gas compatible valve, at least
one pressure sensor and at least one temperature sensor
connected to, or coupled to said electronic control
circuit module/subsystem; and

at least one tank or at least one container whose known
volume enables small quantities of gas to be deter-
mined by calculating pressure, temperature and volume
before gas is transferred into or out of the reaction
chamber module.

10. The gas electrolysis apparatus according to claim 8,

wherein the reaction gas product collection manifold module
comprises:
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the measurement container configured to temporarily
store reactant gas and periodically permit extraction of
the reactant gas from said measurement container; and

the subsystem comprising the acoustic sensor or the other
type of electronic interface configured to facilitate
estimation of quantities of the reactant gas.

11. The gaseous electrolysis apparatus according to claim

1, wherein said electronic control circuit (ECC) module
comprises:

an automated special-purpose computer and display
monitor, and control software;

automated gas handling system electronics, wherein said
automated gas handling system electronics is coupled
to, and related to associated electric valves, temperature
sensors and pressure sensors;

automated anode-to-cathode voltage/current supply;

automated heater supply;

automated microwave starter or initiator electronics; and

automated heat exchanger module electronics.

12. The gaseous electrolysis apparatus according to claim
1, wherein said gas handling system comprises at least one
gas manifold module, coupled to said reaction chamber
module, and is configured to control gas flow, external to the
reaction chamber module, while serving to minimize gas
volume external to said reaction chamber module,

wherein said at least one gas manifold module comprises
at least one or more of:

a hydrogen/deuterium gas supply manifold module,
mechanically coupled to said reaction chamber mod-
ule, and coupled to a hydrogen/deuterium supply gas
supply source;

an inert carrier gas manifold module, mechanically
coupled to said reaction chamber module, and
coupled to an inert gas supply source;

a reaction gas product collection manifold module,
mechanically coupled to said reaction chamber mod-
ule, and coupled to a reaction gas product collector;
or

a gas measurement and evacuation manifold module,
mechanically coupled to said reaction chamber mod-
ule, and coupled to a gas measurement and evacua-
tion device.

13. The gaseous electrolysis apparatus according to claim
12, wherein said at least one gas manifold module, coupled
to said reaction chamber module, comprises at least one or
more of:

a cooling chamber or water jacket to provide cooling for
gas tubing and pipes connected or coupled to the
reaction chamber module;

at least one normally closed gas compatible valve, at least
one pressure sensor and at least one temperature sensor
connected to, or coupled to said electronic control
circuit module/subsystem; or

at least one tank or at least one container whose known
volume enables small quantities of gas to be deter-
mined by calculating pressure, temperature and volume
before gas is transferred into or out of the reaction
chamber module.

14. The gaseous electrolysis apparatus according to claim

1, further comprising:

wherein said modular, removable anode module com-
prises
wherein said modular, removable anode module com-

prises wherein edges at the ends of said modular,
removable anode module facing the removable cath-
ode module are tapered or curved to help prevent
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high voltage breakdown between said modular,
removable anode module and the removable cathode
module; and
wherein said electric heater module disposed within
said modular, removable anode module comprises:
wherein said electric heater module is configured to
raise the temperature of the reaction material in
the removable cathode module, by at least one of
thermal radiation or diffusion; and

wherein said electric heater module is electrically
connected through a feedthrough in the header
module to a power supply configured to provide
power to said electric heater module.

15. The gaseous electrolysis apparatus according to claim
1, wherein the removable cathode module comprises at least
one or more of:

a modular, removable, hollow-shaped, cylindrical remov-

able cathode module, electrically coupled, connected,

or grounded to the reaction chamber module with a

central cavity configured to receive an anode module;

wherein the removable cathode module is encased by an
outer metal supporting sleeve;

wherein the removable cathode module is bounded at a
base and at a top of the removable cathode module with
at least one insulator endcap; or

wherein edges at each ends of a reaction material part of
the removable cathode module facing the anode mod-
ule are at least one of tapered or curved away from the
anode module to help prevent high voltage breakdown.

16. The gaseous electrolysis apparatus according to claim
1, wherein said heat exchanger module is modular and

comprises:

a flash boiler configured to provide a mist of water or
other coolant to the outer surface of the reaction
chamber module; and

a plurality of spray nozzles to cool at least one portion
of the reaction chamber module and to facilitate and
control thermal diffusion through the removable
cathode module; and one or more of

the at least one steam pressure port; or

the at least one thruster port configured to provide
pressure output.

17. The gas electrolysis apparatus according to claim 1,
wherein said reaction gas product collection manifold mod-
ule further comprises at least one or more of:

a measurement container, coupled to said reaction gas
product collection manifold module, configured to tem-
porarily store reactant gas and periodically permit
extraction of the reactant gas from said measurement
container; or

a subsystem, coupled to said reaction gas product collec-
tion manifold module, comprising said acoustic inter-
face, wherein said acoustic interface comprises an
acoustic sensor configured to facilitate estimation of
quantities of the reactant gas.

18. The gas electrolysis apparatus according to claim 1,
wherein said reaction gas product collection manifold mod-
ule further comprises:

a measurement container configured to temporarily store
reactant gas and periodically permit extraction of the
reactant gas from said container; and

a subsystem comprising at least one of:
an acoustic sensor, or other type of electronic interface,

said subsystem configured to facilitate estimation of
quantities of the reactant gas.
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19. The gaseous electrolysis apparatus according to claim
1, wherein said electronic control circuit (ECC) module
comprises at least one or more of:

an automated special-purpose computer and display
monitor, and control software;

automated gas handling system electronics, wherein said
automated gas handling system electronics is coupled
to, and related to associated electric valves, temperature
sensors and pressure sensors;

automated anode-to-cathode voltage/current supply;

automated anode module heater supply;

automated microwave starter or initiator electronics; or

automated heat exchanger module electronics.

20. A modular gaseous electrolysis apparatus, wherein an
electrolyte comprises gas, the gaseous electrolysis apparatus
comprising:

an actively-cooled header module comprising at least one
electrical connector or coupling, and
wherein said actively-cooled header module is config-

ured to be at least one or more of:

opened,

removed,

closed, or

installed;

a heat exchanger module configured to:
remove heat from a surface of a reaction chamber

module; and

facilitate and control a thermal gradient through a
removable cathode module, and
a wall of the reaction chamber module,
wherein said heat exchanger module is separate from
the removable cathode module, and
wherein the reaction chamber module is configured to
receive the gas electrolyte;
wherein said heat exchanger module is configured to be
at least one or more of assembled, or disassembled,
and
wherein the gaseous electrolysis apparatus comprises at
least one or more of:
wherein the gaseous electrolysis apparatus is config-
ured to include hermetic seals to maintain integrity
in an elevated pressure and temperature environ-
ment;
a flash boiler configured to provide a mist of water or
other coolant to the outer surface of the reaction
chamber module; or
a plurality of spray nozzles configured to at least one
or more of:
cool at least one portion of the reaction chamber
module;

facilitate thermal diffusion; or

control thermal diffusion through the removable
cathode module; and

at least one or more of:
at least one steam pressure port; or
at least one thruster port configured to provide

pressure output;

a gas handling system, configured to provide the gas
electrolyte, said gas handling system mechanically
coupled to the reaction chamber module and separate
from the reaction chamber module,
wherein said gas handling system comprises at least

one or more of:

a measurement container configured to temporarily
store reactant gas;

a measurement container configured to permit
extraction of the reactant gas; or
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a subsystem comprising an acoustic sensor or other
type of electronic interface, configured to facilitate
estimation of quantities of reactant gas;

an electronic control circuit module electrically coupled
or connected to said actively-cooled header module and
said gas handling system and configured to electroni-
cally control said gas handling system;

a modular, removable anode module comprising:

an electric heater disposed within the modular, remov-

able anode module;
wherein said actively-cooled header module, said heat
exchanger module, the removable cathode module, said
modular, removable anode module, said electric heater,
said gas handling system, and said electronic control
circuit module are removably and mechanically
coupled to the reaction chamber module; and
wherein said gas handling system comprises:

a gas manifold module that controls gas flow external

to the reaction chamber module,
wherein said gas manifold module comprises:

a reaction gas product collection manifold module,
mechanically coupled to the reaction chamber mod-
ule, and coupled to a reaction gas product collector
and further comprising:

10

15

20

40

at least one mechanical valve;
at least one electronically controlled valve;
at least one separator valve with an electronic interface for
matter output (EIMO);
at least one pressure sensor;
at least one exemplary reaction gas collection tank or
bottle comprising a thermal sensor; and
at least one electronic interface for matter output (EIMO)
comprising at least one or more of:
the at least one acoustic sensor or the other type of
electronic interface;
at least one gas detector, or
at least one reaction product sensor; and
wherein the at least one electronic interface for matter
output (EIMO) comprises being configured to at
least one or more of:
manage material output through said at least one sepa-
rator valve; or

facilitate estimation of quantities of reaction gas being
collected.



