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FIELD OF THE INVENTION

The present invention relates to chemical reactors and pump systems and
more specifically to a chemical reactor having a regenerative turbine pump for

producing fuel gas.

BACKGROUND OF THE INVENTION

Endothermic synthesis reactions convert water and carbon dioxide to a fuel
gas mixture containing carbon monoxide, methane and hydrogen. Such reactions
include the reverse water gas shift, the Sabatier reaction and the Fischer-Tropsch
process.

Cavitation caused by ultrasonic and hydrodynamic equipment and
techniques has been used for catalysis of many known and well defined
endothermic reaction traditionally implemented with high temperature / high
pressure processes for many years. The advantage of cavitation as a mechanism
of chemical catalysis is the effect of high pressure and temperatures achieved in
the domain of effect near the collapsed bubble, the rate of heating being sufficient
to start and sustain reactions in aqueous and other solutions.

Reduction and oxidation synthesis has been implemented using high
pressure / high temperature reactors for decades. More recently, in the field of
ultrasonic sonochemistry, some of these reactions have been duplicated in

experimental configurations; the results reported in the literature suggest that



The present invention relates to chem cal reactors and punp systens and
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cavitation.  While single bubble collapse as achieved in single bubble
sonoluminescence has been demonstrated as a stable, controlled bubble collapse
technique using the methods of ultrasonic cavitation, cavitation as applied in
industrial processes almost invariably use multi-bubble cavitation as the catalytic
mechanism. This technique, when used at high power levels on materials
containing carbon dioxide, such as fossil fuel combustion waste gas streams,
surface or pitted waste waters, process effluents or seawater with significant
quantities of dissolved carbon dioxide and carbonic acid require continuous
modification of process conditions to sustain economically feasible throughput
rates. These types of changes to cavitation bases mechanism are difficult as both
ultrasonic and hydrodynamic cavitation require limited and specific conditions to
achieve the high temperature and pressure collapse characteristics required to
sustain productive rates of specific reaction catalysis.

Ultrasonic sonochemical processes are dependent on specific frequencies,
or specific ultrasonic wave generation surface or horn travel distances or both.
Once these variables are optimized in process, changes to reagent composition,
ambient pressures, temperature, dissolved gasses or other solvent or solute
properties often immediately destabilize the bubble cloud formation and collapse,
significantly halting or slowing reaction catalysis, rendering the continued
application of the technique without process variable changes uneconomic.
Adjustments to frequency and amplitude of the ultrasonic field directly affect the
properties of the created and collapsing bubble, changing the resonant frequency.
The changes to frequency or amplitude, ambient pressure, temperature, the

amount of carbon dioxide or carbonic acid in solution, or solution pH, may result in
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Bot h ultrasonic and hydrodynam c cavitation also result in cavitational
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5 SUMVARY OF THE | NVENTI ON The invention provides a solution to the
af orenentioned limtations of both hydrodynam c and ultrasonic cavitation
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met hane. m‘?hoo@) and systems to process and reduce carbon dioxide and carbonic acid in
aqueous solutions, such as seawater, permitting the application for carbon dioxide
conversion to fuel gas at both point sources of gas emission, such as power
plants, and from environmental resources, such as seawater, using the same
apparatus and methods of chemical catalysis and synthesis.

A pump system and controller for a chemical reactor for converting water
and carbon dioxide into a fuel gas are disclosed. One aspect of the invention
provides methods and apparatus to produce carbon dioxide gas combined with
water vapor bubbles and at a rapid rate, introducing them in a controlled fashion
into pumped water in a regenerative turbine pump and then collapsing the bubbles
produced to convert the internal water vapor of the bubbles into an ionized gas
and ionized liquid mixture containing hydrogen, hydroxyl radicals and hydroxide,
which subsequently react with the carbon dioxide gas present in the bubble,

reducing it to carbon monoxide, with further reactions yielding methane. The
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permit the formation of a plasma hot spot within the gas and liquid phases of the
collapsing bubble.

Yet another aspect of the invention provides a device that permits
concentrations of carbon dioxide and water vapor of the bubbles formed in a
pumped media at a pump system inlet to be both directly and indirectly controlled,
at the time of formation and during evolution through the various possible bubble
sizes through to collapse, as the bubbles pass from the pump inlet’s low pressure
zone through the pump at increasing pressure and out the discharge at a
particular controlled maximum pressure.

Still another aspect of the invention provides a pump system based on a
regenerative turbine pump with components arranged to allow controlled bubble
production and introduction into the pump inlet and subsequent collapse of the
bubbles entrained in the helical flow of the pump within the individual bucket
chambers formed by the regenerative turbine pump impeller, wherein the bubbles
are collapsed singly without the interfering effects of the collapse of adjacent
bubbles.
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operational conditions and process variable selections most likely to produce a
desired result with the apparatus can be developed using the apparatus and
controller as reporting those setpoint combinations yielding desirable or best fit
operational characteristics using controller residing result evaluation algorithms.
The following description, with attached diagrams, provides details of the
important aspects of the invention. Note, however, that the invention has other
useful and novel aspects apart from those discussed. These additional aspects
and advantages of the invention will become apparent when considering together

the following detailed description and drawings.



FIGS. 1A and 1B show a piping and instrunentation di agram shown over two
pages depicting an exenplary inplenentation of the apparatus of the present
i nvent i orwOreeiudi4yg a punp system subsystens, conponenPs€TAIsdoAPPEWI@L US
controller used to inject carbon dioxi de gas bubbles into water and
subsequently collapse themin a regenérative turbine punp to forma fuel

gas which is separated fromthe punped fl uid; FI GS. 2A-2C are
cross-sectional views ﬁg@ [ Hg%ﬁ s casing and

i mpel | er bl ade channel ; BRIERDE BT meow ng exanpl es of the
controller's |ogic, |nclud|ng al ternate operational uences as required

by the vari ousFRurcshowsahe indercppnecion setwesn RIGS. éﬁp?d&da"( s of the present
several aspect g (%e ‘M'egnﬁ r’l\ﬂagﬂ?\ﬁ% plplng a thgirurﬂer‘\tﬁtléh Bia@\‘m%hbwﬁ Ryt ng

processing di oxi uction present 1 nvention; FIG 5
is a fl ovmhapageﬁhdeplctmgﬂmemplag' lgmhm’l@ntamﬂ ofdhe @pparatuseoighe pegpent

nvent { on..Abflon dnclyofd B, RS olehPVGIIRT e HRO UoltboRbAECEM NappsRliapse

| ogi ¢ of
controller used to inject carbon dioxide gas bubbles into water and subsequently

collapse them in a regenerative turbine pump to form a fuel gas which is separated
from the pumped fluid;

FIGS. 2A-2C are cross-sectional views of the regenerative turbine pump’s
casing and impeller blade channel;

FIG. 3 is a flowchart showing examples of the controller’s logic, including
alternate operational sequences as required by the various functional
configurations of the apparatus of the present invention, in accordance with
several aspects of the invention;

FIG. 4 is a flowchart showing processing steps carried out by a carbon
dioxide reduction logic of the present invention;

FIG. 5 is a flowchart showing processing steps carried out by a bubble
generation logic of the present invention; and

FIG. 6 is a flowchart showing processing steps carried out by a bubble

collapse logic of the present invention.



I nvention, in steps carried steps carried steps carried accordance with out
by a carbon out by a bubble out by a bubble 9 DETAILED DESCRI PTI ON OF THE
| NVENTI ONWO 2012/0404Phe appar at us of the present inventi onPCmalSedessmsever al

I ndependent subsystens that together provide for the production and

i njection of carbon dioxide gas into é@ water streamto form bubbles, and
col | apse of the bubbles at a controlled rate to plasma, reducing the carbon

di oxide to fuel gas. E@hg.@%@ PHONGETAEIRYERTION! Ve turbine punp to
effectively entrain a 1B depict an

exenpl ary piping and instrunentation |ayout of the apparatus 10, i ncluding
subsyst ems, shdin apnesatus eef v RseRaRl iBvRItiopwchsigesseveral independsht r ol | ed

| I near 5tr§8§2ﬂ?%n§ﬁ¥a*?ﬁ{beﬂ%é?@&ﬁd&fépmeeﬁrod gﬁ%n@i‘?hileétué?\eofad%%d?maﬁa@' y 0.5

mcron to Is I1njected into a punped water nedia at
the inl et gabuintcoat watks sifeanhdo cfian nubbigs, zande gelirpsat @fvtcbet aubhlee dudp. The

car bon di %hﬁ’@haﬁ%gé Bhialial ﬁnc.ggmqap 588n did RicAB!1h 'dggt et &b éplaré{w to 0.2

urn, in |€ss prioxi I secon a pressure rise of
appr oxi matredlydes, @@qmsragweftonblr@(awpp@ effactivelyeentrain aed cohapsecbubbldscal

punped ne fl,Qw i -he ' r | ade
channel iﬂléﬁat‘l Ra 'ﬁ g@ngeéggtai%g?f“?@ g?f)ﬁrr}?f:l (f @ugtéerﬁ%nomg%lgféﬁh%ol | apsed
bubbl e. | mpphiasusitl; induding subsyziedes, ghcswm sefmareiegrandi shownaglves bvpagéasm ty t o
hydr ogen rel eaged fr ter t t he . hj t re of
the col | apsed %af’?)’?:}ﬁ Sp%eéé (5 & (% %B?’gﬁ‘?%ﬁ UBs%gOg\ﬂ’b(g} g(fwl ogé)exarrpl e)
and the C@ﬂiﬁmﬂmtétyGOGQinlo&maﬂ1buhbldmmi£tefaimsaehisgim;&owdoen@tajpembgd eat er
than approxi mat e for resu n ca{urgin di oxi de

reducti on V\fq;ercrgptlglé@% H%glg;g eIl el (i%e{)? thﬁ é;’asmg, a reg Nerative ne pump.

The carbon dioxide bubbles are then collapsed, to approximately 0.1 um to 0.2
um, in less than approximately 4 milliseconds with a pressure rise of
approximately 1,000 psig, for example, while entrained in the helical pumped
media flow within the regenerative turbine pump impeller’s blade channel so that a
plasma hot spot is formed at the center of each collapsed bubble. In this way
carbon dioxide gas is brought into close proximity to hydrogen released from water
at the high pressure reached at the core of the collapsed carbon dioxide bubble
(approximately 7,200 psig, for example) and the commensurate collapsed bubble
domain’s high temperature (greater than approximately 2,000° C, for example),
resulting in carbon dioxide reduction to carbon monoxide and methane.

Referring to FIGS. 1A and 1B, an exemplary apparatus is generally
indicated at 10. Proceeding from the apparatus inlet downstream through to the
apparatus discharge, the liquid flow into the apparatus begins with an inlet pipe 14
connected between water source 12 and process water supply tank 20. Delivery
pressure at the inlet pipe 14 centerline is preferably equal to or greater than the
net positive suction head required (NPSHr) by the regenerative turbine pump 60 at
its expected maximum flow during carbon dioxide reduction and is also preferably
greater than the expected maximum pressure required by the bubble generation
apparatus 30, approximately 3 to 5 psig, for example.

When the system is initially started, the process water supply tank 20 is

filled from the water source to an initial level as controlled by the process water



Referring to FIGS. 1A and 1B, an exenplary apparatus is generally indicated
at 10. Proceeding fromthe apparatus inlet downstreamthrough to the
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can be a PC, Panel-PC, PLC (programmable logic controller) or some other

specific purpose programmable HMI (human-machine interface) device or

controller. An example of a suitable commercially available PLC is Allen-Bradley

Micrologix 1400 Model 1766-L32BWAA. An example of a suitable commercially

available PLC software with PID algorithms is RSLogix 500 Professional. An

example of a suitable commercially available PC is HP Compaq dx2450.
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13 controller (PID) 137, with injection nozzle pressure as the process
variable. PLC 136 relays the current speed of the notor (not shown) of
conpr essow0o6124moimt he conpressor speed control |l er 37 t@CrniSeoia/ogzse6
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of the size and nunber of bubbles actually created may required. In
t hese appld cannesied to e CQmﬂrmore?rG whichy sisshargas rtbe| eas mig.a: PIeSSUfhat
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control . Wey mhﬁeoprleesur‘eogliement)ﬂ35aulpcbslserqortragsrarmed13§bl agd ggssutel
indicator 135¢. Gas injection nozzle PLC 136 continuously retrieves the current
inline gas injection nozzle pressure setpoint 198 and recalculates a new pressure
setpoint, transmitting a ranged analog or digital signal to the motorized gas
pressure control valve 35 that regulates the injection nozzle pressure. If the inline
gas injection nozzle pressure setpoint 198 cannot be achieved by the carbon
dioxide gas supply 34 pressure, as regulated by the gas supply pressure controller
38, which controls motorized gas pressure control valve 42, then PLC 136 starts
the compressor 36, and using the gas injection nozzle pressure at sensor 135 as
the process variable, upwardly adjusts the inline gas injection nozzle compressor
speed setpoint 199 until the inline gas injection nozzle pressure setpoint 198 is
fractionally exceeded. Fine downward gas pressure adjustment is accomplished
by changing the pressure setpoint transmitted to the motorized gas pressure
control valve 35. Once PLC 136 calculates a pressure setpoint, it is transmitted to

inline gas injection nozzle pressure control proportional-integral-derivative
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rotates about the axis of the direction of flow, causing an entrained bubble 67 to
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way the initial and final bubble sizes, rate of bubble collapse, and final collapsed
bubble core temperature and pressure, and consequently the rate of carbon
dioxide reduction, is directly and mechanically controlled. The actual rate of
bubble collapse is determined by the difference between the initial and final bubble
size and the rate of pressure rise within the pump casing 62. Direct, automatic,
mechanical control of these parameter values allows the apparatus function to be
modulated, both initially and dynamically during operation, for optimal carbon
dioxide reduction.

An example of a regenerative turbine pump for use in the present apparatus
is the Regenerative Turbine Chemical Pump made by Roth Pump Company, Rock
Island, lliinois.  Roth regenerative turbine chemical duty pumps provide
continuous, high pressure pumping of non-lubricating and corrosive liquids. These
regenerative turbine pumps are provided with one piece, machined self-centering

impellers for operation with a wide variety of chemicals with process heads up to
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The inlet pressure control PLC 200 receives fromcontroller logic PLC 211,
initially and periodically as required, inlet pressure setpoint 107 data,
as val ueswovalzumo49anges or as an al gorithm used to cal cRCRUS2@19618p©1 Nt

val ue or value range 23 using punp inlet pipe 22 sensor 40, 111, 112 data.
The inlet pressure setpoint 107 data ¥&l ues specify, for a particular
application, the required pressure and tenperature of the punped nedia or
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functions specific to a particular apparatus configuration. FIGS. 1A and 1B show

an exemplary set of detectors and controlling devices for implementing the

operational methods explained herein. Other configurations of the apparatus are

possible using other equipment, detectors and controllers not shown, or not using

some of the shown apparatus subsystems or components. To accommodate

possible physical configuration changes to the apparatus, the controller logic 101 —

those programming instruction pertaining to the installed apparatus and controller

100 device identification, state detection, control and task distribution - can be

altered such as by uploading the program to an external computer or device for



Once an inlet pressure setpoint 107 is calculated by inlet pressure control
PLC 200 it is transmtted together with the current inlet pressure process
vari abl e wo 201/abv49pr essure control PID 201. PID 201 conrcmaseslipsrsecei ves
updated inlet pressure process variable and setpoint pressure values. PID
201 then calculates and transmts a ramged anal og or digital signal
corresponding to the position of the notorized inlet valve pilot regulator
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sensor 113, discharge tenperature sensor 114, and di scharge bubbl e
detection apparatus 71, as well as any other properties of the discharged
process water that the apparatus m ght be additionally equi pped to detect.
D scharge pressure control PLC 102 continuously nonitors the various

af orenenti oned di scharge pipe 75 process vari ables and recal cul ates the

di scharge pressure setpoint 108 required to coll apse the bubbles at the
rate and to the size required by the particular application. Simlarly to
bubbl e generation control, bubble collapse rate, final bubble size, or
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26 di scharge pressure setpoint 108 expected to mtigate any variance from
bubbl e col | apse specifications for an application. Qperation of the
di schar gewpnressdo®4control val ve 80, through operati on @CTiuseo1os230é zed

di scharge valve pilot regulator 82 by discharge pressure control PID 103,
as directed by pressure control PLC 102, utilize signal types, signal
processi ng, process variable selection - such as discharge pressure or
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speed i ndbcmtrmn'eru;gﬁ;Pmuzmspeed I ndi cator 215, di scharge pressure i nd| cat or
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appar at us |nd|'38tte hogg}a aﬁé %ta&dl ge B‘F’é@ﬁ%{fegee'g{/ IS\)Qllj?ﬁ P‘?Rtrqﬁgbul at or
82 positi oo, éUi!;hCa%t &e fbt@xternal link 148 d‘rh@rcﬁierf@Ef:@ﬁtﬁ)lléﬁtogfd)Z‘th,astvt?@l gotational
speed set poi nt 109 of the regenerative turbine pu can be cal cul ated by

t he cont r 8ihegs sugfbag dpiet RESSHG GRNtioh FsG 309 odigch pé@?éHfﬂ gontih ELSunp not or

speed set RO Yurd® thotorsd e@a dawbl RPIo4el, theaé fdﬁ&ﬂoﬁ@&ﬁﬂ@'b@tdo%lﬁéﬂlh'd“e punp
60, when its inpeller 63) is driven at the punp notor eed

set poi nt $iogle B¢ a 89&390@ Cé’"?ﬁ'—ﬁ?r ) sHER 88 RC 489181 omr §'rm‘l§f 98‘(‘6‘? Then t he
cal cul at egd@khéﬁ: Wl@ethere‘%?e?%l%nﬁqjl@“‘é aﬂi@%ont%“é?%ﬁi@mdﬂf QRGING the

af orement i oned 'm ni mum r ot ati onal 836 punp notor speed setpoi nt 109
gdn

can be upieethgr Pe’ St290a192 MeeandiB Qﬂ&mmfﬂlpy?ssﬂﬁ} gentead Flg 20Aat t he

t ft I bucket
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bubbl es f Bloaws um@ﬁﬁr M and dBt teebe ergmnmratadvletq arsingle qounirpller, devicespel | er
buckets. pgr%orming these functions could be installed in separate locations as part of

separate controllers — this alternate control component arrangement may be likely
where the apparatus is incorporated into a larger overall process or system. Also,
while controller logic 101 and carbon dioxide reduction logic 106 are depicted in
FIGS. 1A and 1B as residing in and executing on the controller logic PLC 211, it is
possible that the controller logic 101 could reside in and execute on a different
PLC, PC or other similar device than the one that stores and runs carbon dioxide
reduction logic 106, and these separate PLC or alternate devices could also reside
in separate controllers. Similar variation in component function distribution,
grouping or placement is possible with the other sensor-transmitter-indicator
devices such as 40, 71, 110, 111, 112, 113, 114, 135, PLC 200, 102, 104 and PID
201, 103, 105 as well. The controller 100 component arrangements and functions
rendered in FIGS. 1A and 1B are exemplary of stand-alone, self-contained
operation and control of the apparatus, for use as depicted when the system is
configured and connected upstream and downstream as shown, or as a design

feature guide for different physical configurations of the invention or where the



To acconplish this, the controller 100 permts direct interaction between
di scharge pressure control PLC 102 and punp notor speed control PLC 104 and
rel ays i nwvetotwlanive det ecti on apparatus 40 i nterpol at ed Pdatts2ethas2sps ovi des
t he nunber of bubbl es generated per mnute (or other tinme interval) from
inlet pressure control PLC 200, via tRe controller logic PLC 211, to punp
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di schar ge S Qnt o il : Lii }
di schar ged%ﬁ%ev%ﬁcgtaﬂrlégﬁl g?(E))r &ggréﬁf'h%%gﬁgﬂ gﬁﬁg{ cogﬁlcggggn%%éﬁ%]gg
i nsuf fi ci eequenge of itfee appasbtub sbibsystens.eas pregiossly elescrited, Bhe réspoads ton
applicati L cati r es e LLy. c ed and
yet are steﬁep%geen ;;&t %g d&%@‘éﬁﬁ#ﬁ@%ﬁ%m‘é e%tﬁt&%nkgbggéa %eggéf%,%?t hen t he
di schar gesequssarnrtesapimisrandlG@eratonah pammsater valbe datanteguests genatadet hi gher

or essur o 20N Espr @R B BleR Pl Aad TR ofd BhEL . s 2BE MR of°

eval uat esbéhseddor banditigsarithrgintainiegsovetals epeatittal dgus anmfdriistiongaide st or ed

regenerative turbine p erformance data, in conjunction with the current
punp not ofecé"ﬁatédtgg ré\?'fjd'i%jﬁpm%@‘, gﬁ'ést"é'ﬁﬁ‘? g@é“ J@%?H@ys{eﬁ‘é Cﬁﬁgf&ﬂ?naﬁfi dSsure at
the currerdlaymgirsempsiotr aheedbsetapoi sthtusOhforngioa abefveehathd RpphFamsni tted
new y cal cuyl at ed hlgg_g{ di scharuglgl ressure setpoint 108. If the current
punp  not o?LL'tésﬁfé@B“ss% Yrieasey §uen; Pbﬁ}atlﬁjﬁﬁ thejt gperalierd Qresatiasel PLC 104
cal cul at eBmR B@WIitRINEP &FRr OBtabdRe@fdS BiHRP1 el Ind® SRUPCIUMG [RERIMGH ative
60 to output at |east the new discharge pressure setpoint 108

t ur bi ne
r gqulest egggé}ay% At Jendrg thepperaratus teotange ametatipnal moggy Bpkeleget aher e the
col | apsedciRhRateAdrEop&tatiGER bl cohpdhisht %ﬁit@éjblﬂﬂﬁﬁn &5k l@gér?%cfr?éﬁer'nﬁl too

great, the discharge pressure setpoint 108, a possi b e punp not or
speed set INRAYIE oFdQVige IpaY Risadiectndisst by the conkalier lndicBEG&d1can be

i mpl enent ed USTHYinRst ARG | & | ' he speed
set poi nt, cal (S:Tl-ﬂ%'tng}é_ b Gﬁa @&ﬁl{l)o?grl_ @;%@eﬁcggﬁ? ?Hgﬁ{‘ﬁ%k?gg%gﬁgﬁ‘l%(?gggm tted to
t he vari abitiglly pedwrenegicaly ag requiredwinliethprepsura setpointi HYy date, pswaluesr equency
suppl i ed ' ; i e : speed

et poi nt "Fou? PaneReTE 28 P 48P b o gl el sESe Bt U GU Vel agt
operational status data, including current actual punp notor rotational
speed, to the punp notor speed control PLC 104, which in turn relays this
actual punp notor rotational speed data to the punp notor speed control PID
105 as the process variable. Once the final adjustnment of the punp notor
speed setpoint 109 is conplete and bubbl e coll apse occurs as desired, punp
not or speed control PLC 104 can switch the process variable used by the
punp notor speed control PID 105 fromthe actual rotational speed signa

rel ayed fromthe variable frequency drive 126 to the bubble properties

L T T - N o [—



29 Once the m nimum di scharge pressure setpoint 108 for a bubble
col l apse rate and final bubble size for a particular application is

achi eved,wDi2oe/q@myp not or speed setpoint 109 adj ust nent PCRUSCONOEI30€. TO
acconplish this, punp notor speed control PLC 104 requests the current
bubbl e generation rate from PLC 211, @hich in turn retrieves the current
i nl et bubbl e detection apparatus 40 bubbl e property values frominl et

pressure ge.ﬂbwmﬂfkt%&e z@r%s&heo CH11.ong J%I!Qmﬁeﬂh%@%éésgfb §étb6mt S

retrieved, nmot or speed control’ PLC 104 then calcul ates the current
i npel | er ngl@tta (VF|U@§ @Amfxszufpr gaaayagéarr amélcagon rtpe|"eayirqd-pressyig amRk)
revolutio I ot al
nunber of E@nn%&P é%pé&%gﬁlat rr{ﬁe ré‘ciﬂ?rr Iﬂ%)m{:@lﬂrabg@ieef%n@g&é;ﬁgf di ng the
total numesit fggm |thﬁ)blllbbé¢ gmara@qrsamgﬁun@%gr kate. Addionallyeinle pregsureri nut e or
ot her ti I r 'l er
bucket pggsgeb‘??g?datg%é)hbyﬂ'&n not or 8thQPg|g>p@HIe9%f wq%ﬁmggntl %usl y
_reca: IcuI apempdnietpipp R2porrab thoe g@m&@dmﬁpmnﬁ app@ratusdo nssascre tmtse are E Ee

i mpel | er c [ : e
bubo] eo aPLeSSRt E‘E@}@&gﬁuﬁ%ﬁ”t}oﬂ '3'1?22?%% YOS BTGl I b S (e |
be under simpatl ftdmat sérsoadramspliteat whesd igementbedree arougtde htthrd bubbbd e and

i mpel | er bucke e si.te step of a lic ign, the
nunber of SBANeE gedtaisrRyRieh tish Adbe S, ey EraSRItef 118501 F4, 2

cololrdl nat mrl]letscbergdraétutéletramfpﬁttéreFaan bretr pﬁe&é@é abnttdiePbC N20Qu s sa)aed to

col | apse the es _as require an_a ication usjn rt|cu

el |or RSIGIEh S R e Ernao A ApD aF sidtel SBnaCPHL R et

The appar ptibisle cistedlion Appasites 40N waith méyeve ihepdlatelrioereprRBanaihe e pose
nodes: as directedag%van ext ernal EFV|ce r co uter, or as directed by

al gori t hnénexwthes bblgadetnaied UhliFieo plet pres: %%I%I@tre'oﬁ?r BPICE‘PX' ®0 and
resi ding esuiiction li®jic Imaléhdlmet (rosne Jbisbihtdf07 et inieNpleRsire déiropnd

setpoint data 107, 108, 109, or nmanually using panel mpunted controls and
i ndi cat or §LCI20meRitess thFIE@B'ef H'P@@zﬁSGI@?ratWﬁeP’@ﬁﬁ‘l"&t apthatheparopeEiesr val ues

and set poL8isll &'bUbBfe ﬁurﬁ@ér‘é%@zé’éﬁ@réd&l&@dt&b&%ﬂubﬁ@%uﬁ@g ¥pératig® the

useful subsystem process variable identities, are known and are I nput as
cont rol | efhe: spdieddiasgetd inlete arassuren spipginé 106 aRdrings1gpsrationddbe inley 108

109 int e”ﬁ%sé@s%@?ﬁgﬁ@gﬁ@ﬁ?ﬁt% BAFdriC Bl Ie, %Bﬁﬁrﬁ‘foh@ %ﬁéré’tn@ﬁ it t.

| n anot her node _ I's used as a to deternlne

t he opti nite @M%Igemrétlorpapmt@rmasmcémd byree partiewar ﬁp@@amn tfh@)Se
process v Is I t I n
his. expersantal Bie P phP, 2 OGGEndRaie THORIRE PR R Set o

data 107, flaw8rata 0or wbmratweel ¢Iwgesemm w’eedad:hmgearmargu paessued gori t hns

used to ¢ . rf nce

speci fi ca?’l'%gs I"PC'R%‘??%B%%W‘SQ%%%X o?ﬂwge M}I(EI‘ aps %trﬁgg'ahg)&n{ﬁe?%e car bon

di oxi de rMesomdquthe rm@ectree qn‘rthel dendrated lambbquamaty oa‘ral outeige srequence

algorith tr W _ea oint s ross the

Subnt t 1 oaPRRRRIFTS sheved Bila8S Tiler HisB Bl coR Ot 300 B’ Sfeuie Bt ang
riteria lmeteweésum setpainh 10Z texpéctog ¢ aﬁﬁgat@thqowmb&fpemaloueﬁg@gahmst t he

C

target ap %cathl)%fgerf r mance % eci fications. t executi on,

car bon di Prefaigite thgearpligalian's rpee ?ﬁ%?Pgt i gﬁ'ﬁl PIOEESHiht s t hat
provi de us@itimues eatillibterrupiedsrcontrongrdodit PLCr 21, Reh damt rBvitie nelaniefr get

perfor man;():ressure setpoint 107 data or direct inlet pressure control PLC 200 to set a
specific inlet pressure setpoint 107 and stop processing. In addition, the controller
100 can provide panel mounted operators (not shown) and pump inlet pipe 22
sensor indicators - inlet pressure indicator Pl 111c¢, inlet temperature indicator Tl
112c - that enable manual control of the inlet pressure setpoint 107. An inlet

pressure setpoint 107 manually input via a panel operator may be processed by



The controller 100 can be used as an anal ytical tool to determ ne the

opti mal operational paraneter values required for producing bubbles of a
certain swoeommdosal | apsing them at a specific rate to pCadarsaoihos288eot s or
as required by a particular application of the invention. The controller
100 all ows automatic sequential execu#on of operational trials using
electronically stored inlet and di scharge pressure setpoint values or val ue
ranges an i I t uce
et abi o CalY Ty IBREDISE 208 o sHBOHE Tall b 4T @RI B, Bt

appl i cat i ovouldTtie @odt a®| 4 expetifio aiﬂtomswral S@tpﬁleta’lo(?uM@theQOaa@'W es the
oper ati onal set.poi nt y input setpoint values or value
ranges and" QF@?FE'B %rgg?q“o%lagptg%lr ?résd residing in the controller.
Alternately, t macemnatet presisuter seﬁbmn’cw‘l (43 d:nicmdaheddiyetdletn@reﬁgumwcmtmobr nal

conput er, er f i onal | ui val

set poi nt EJ;C (%'f IS yggsm ﬁﬁét‘%ﬁ’r{f&h‘?‘é Fﬁ%"ﬁ?ﬁp “6%6‘1\‘%333?’6‘; rO%ggﬂ%”% er PLC
211, thr ow@hqlemp@mle donitrer PWQOH’LCPIDLQM Qootinucestyi regeives apdpledtielet r esul t
data can be read by or u to an _external conp r_deyi for

stor age O,prqﬁp[qjgrpcg%y:ﬂq "F’égtsﬁtgp'nf REFSUISYAYS o @5@1 ﬁe@rqaicu;ﬁ%?%hl ng
oper at i ongindtiRpbmitaadangéd arﬁé!&glbf d@ﬁél%lgm\\u bﬂ'ré@oﬁﬂmged thé midnyoﬂthet he
controller 100 or on a re r or, s%g)o %sh Ilge for furtth

anal ysi s. Merzeshined velve ai %%ﬂ%tﬁ RRHEAYIrek I Pestng B/l RESEH R anal yses
the trial \@Rersd it®naé ined prédssurd Befpbint 16y, Ifatheamildrizat i ikt Wémbq@im:lt

descri bing the operational conditions and process vari abl ?Eilﬁzﬁ lgns nost

likely to pQuiaiqe@6 s equippraswitl s op@ tantrgllerh el PregsvEs e Yevel oped
using the \appaRa Féa%g@@%n%%térocll iGifdl si]gc?ﬁl ?e?)ré@?ﬁlﬁé 'tlﬁ@lrﬂé’tcﬁéssi@é BeipBdint

conbi nations yi el desirabl e”or best fit operational characterjstics

usi ng cont1|06Itpéhe W@@PWQ@Q'”@%N valyeip eanirelierangishi wilig tum calculgigdhe s js a
fl owchart Dl 0sibe DY i eneCiprir ol | er

| ogi c 101 ré@%@ﬁgﬁlo?gglgﬁﬁy%lbﬁggﬁé ?’gﬁthteggrge} %ﬁe?‘ﬁg'%rﬁd@t epélllel the controller
| ogi ¢ 101 plreasgrﬂsﬁtp@lst tbsyst ens and obtains the status of the subsystens.
A determnatio I : h r Qs carecoresent.
't arrors are. pieDall: SohPoRrEGEES 21T o deEl BB B RS at s
of the eragis orsast cemenande@cbyfam axtarnawcorapuier loeevice aryeperators intgtt ed in
step 1040. nation
i s made asp r%}sﬁﬁ{]gr)rﬁfo oF: %&? 0euggu a%cd g'f)?\'tqlrtﬂlQérr%?fr%%&set@eg%@gg] a
negati ve detestion repipaatus lenalthe lnitetsireq;sutéaionuoloﬂibﬁOdelreceﬁsnmrlabie is made

wh | f d
'S mmde, 4P sRorRRR ReGPTRLT OIS S RnelBPEEer oo, MubREEM disnfotd " O
external deshnicule. nBitst, infetgiregsut® ¢ontrolf PleX 200N aking dhé rabdremedtiones! imet

executed, a contro rrqr i ransm tted ("thrown in ste 1080 and
the proce®EFFYS é@tBPngq%Ef‘?Pg%‘gl%bquemmﬁn EgPJBPCtﬁna‘P’ih qped ‘HF B8yed and
t he st at usohBoltPIBrR2T, tétedhe inlet pressufe wtnamiel Bubbiegerdrationceppasatus1B0i at ed in
step 1050, the set nt dta 107, 108, 1 btai ned framcgntro]ler in
StLeh 10007 BpETANG RN APPlERion SPeri Callonsder bl BT RSRN] S2¢.EFaitea | n
step 1060,thd hﬁe Blabs Qﬁalé?bﬁdﬂgﬁlgl sigRA, frokR I Irfet PaibBieEstet i garans T at or

)

panel in step 00 and occurs. |If external control node is
initiated qonc%'feéﬁoﬂ‘@i?@ to the OQB'B‘SBPH*PM@&R’%F’%QS is) gapturegdoangr wserhesithed from
an exter n%bnf#&mg“—%etda.rﬁt.ﬁqmééel@f tﬁ@%létt Ei%s%&r%osé%E&Hf 907! NTRisedaphkéd. the
setpoint data is transmtted, nRa Y]stems are started and

t he stat u§etp§'fﬁl§ﬂ9ﬂahéﬁjcoﬂftﬁ\é'%%lvﬂ'@nsnﬁ dstogpthen aithahasignahifiont theninled made as
to whet het bR dRddtighRppaRieCad, Suiferf fiPhARe i Lséd BEGR bxEeLeidagldiati on i
made, an input setpoint range error I's thrown in step ,

processi nge rrwenfessqr@cgmt@ 291. |Flet29é syspaiently varige thespestiioamions! e,

carbon di 0. Next ,
in step 1 (9?&5’[]?;? glplﬁqq%gtg ﬁ%&\éqt’sbﬁgdﬁ o‘%%%mrﬁﬁ%ieralﬁgﬁééy ezr?i gp?or

exi sts. | fconsgmently the tbgulated prestane atdhenbdbbletdenmeratiooeanparajus 80dnles to step
1030. If e ] j Qn initiate
operati ongf re%é?rﬁr%e:\tg eﬂaﬁé?seg‘ q@}%é HPIOE géfeg"osh:] fn s\n/@ggefb é?én?onﬁ]?%éﬂglr%fttﬁr%d

ext er nal



32 or manual control node operation conmmand is processed in step 1180, and
then, in step 1190, a determnation is nade as to whether to initiate new
set poi nt wata12/d4b49a positive determ nation i s nmade, thePpTasSessi0npos evert s
to step 1050. If not, the processing reverts to step 1150. | f
operational command is not initiated Bm step 1170, a determination is nade
as to whether there is a change in operational node in step 1200. If a

posi (i ve fLCHELARL! Alukd BRife! tebie Betdfn ZolgicRiT03k @Rthdd fien, made

as to whethéer"to halt uest ggsmlve det er m nati on
i s made, réspopseteths inigt beb@etc@tezo@oetaepar:atl&mo sighalr vinisé prasrereptasdiek si ng

reverts te, 35y éﬁ%%’dntlh eﬁggéﬁ?sl %p% ati e?ﬁterﬁ]@ﬂagﬁatb% lifcAbaBK ¢ (Pan step

1200, a determnati on 0 reques su systemdata in
step 1220inlétf pr&sspmemtetpmtd’ﬁlkraﬂdnd&téciad iisletranb@sunehmosmy@laéziﬁ dased r equest

IS processed in eration of the systemcontinues in
step 124000%5‘%10 S(%Sgélg ?%B'% }DU??&E to step 1150. Ot herw se, the
operation of tOaceYyis erotorized |nlee51alve skt pedi24t0r 2@ rbsttioa iprsetetheiinigt r evert s
to step 115 '

hart, showi ng..pr Qcessi n of the
Lo bon” i Brasaure samel Yave 24 i ettt B er e Ruba G Mol
\!/Jmene[]at | oadjusBhénti $cm3éﬁ@érm?dm éwph&ét&mskBH&e rapétft?@brriccaﬁdmns ichangegle as to
et her any error, st vents are t error states or
events ar éRIB'P @gléﬁtf“e"?ﬁg 6‘&"35%???@"‘? é@@BF‘zﬁﬁg @F@ﬂ‘(’?f’%ﬁ”r WG RATET bubbl e
col | apse bgegiation, Sth@eihfe%r&@urewc@ﬁtﬂw FIB2401 t4n bagmilted®r repldeddwithreat i on i s
made as to whether any error states or events are present. |f an%ererror

states or pEQP@m%‘ahWEe%?'é"so@HP”ert(ﬁQ B othE SENiRY, PIEplgTt %rOPBrt'@F%'pPOi‘YS If step

1330 det el npgelshidd hta%eerafr%trwrr%rnpcyppﬁéeafbﬁ§ file €M Bf infedprédurd et ur ns
to step 1300. Is a flowhart show ng Processmg steps of the

bubbl e gegeipatt 69“‘@@'?&“%&@% h‘hlr?ﬁj—"reﬁ @twtammtlma aBRYAHSHRREPNAE made as
to whet her eté,e\;atp@ééﬁts are out of range. If a positive determnation is
made, a bug generation setpoint error is throm in step 1410 and the
processi ng rev@ﬂ@% bubbles egie EDerated. Hbewirass trodgh dherreganesaiivesiuriite as to

whet her t E}I rgﬁ %%rt%ﬁﬁééeﬁn DiSchf BFe@?ur‘é coRtr&itFARC 16%9nd btxm? rﬁﬁ@ tive

det erm na e processi g reverts to ste 300 bubbl e
gener at i osp¢ed nmtroédf’cbaol%beth eandrijute & ther yggwfsmmdm@hameaﬁﬁ anded to

cor rect DybhsGBGASY 7 bRlsbid 81 1BRBnarBBbrddErPEARRT PLEMY deteil s St eP

discharge pressure setpoint 108 data from controller logic PLC 211, initially and
periodically, similar to inlet pressure control PLC 200, as values, ranges or
algorithms to calculate the discharge pressure setpoint. Discharge pressure
control PLC 102 receives and monitors ranged analog or digital signals from the
discharge pipe 75 mounted sensors: discharge pressure sensor 113, discharge
temperature sensor 114, and discharge bubble detection apparatus 71, as well as
any other properties of the discharged process water that the apparatus might be
additionally equipped to detect. Discharge pressure control PLC 102 continuously
monitors the various aforementioned discharge pipe 75 process variables and
recalculates the discharge pressure setpoint 108 required to collapse the bubbles
at the rate and to the size required by the particular application. Similarly to
bubble generation control, bubble collapse rate, final bubble size, or total bubble
collapse control may require variable discharge pressure and pump rotation speed
setpoints as operational parameters change. Discharge pressure control PLC

102 monitors discharge pipe process variables and continuously recalculates the



33 FIG 6 is a flowhart show ng processing steps of the bubble
col l apse logic. Beginning in step 1500, a determnation is made as to
whet her aw9 28e(@oimts are out of range. |If a positive deCeErus2eAWSINNG6 | S
made, a bubble coll apse setpoint error is thrown in step 1510 and the
processing reverts to step 1320. O he2fi se, a deternmination is nade as to
whet her the bubble collapse is acceptable in step 1520. If a positive

det er mi natjiQRalge %gguretﬁte@pcnﬁpm SKPELI6E S hiifoch oy SRridARD frohd biie bubbI €

col | apse is not” acceptab the discharge pressure’setpoint is adjusted to
correct btﬂ@b@(@e@cﬂepéﬁét@nﬁﬁors@rewm%@n Next, in step 1540, a determ nation

2 e 25 10 WRHIEh e AKBHAERIFoRIAS SUR NGO Mgh oBrlBREE VS
set poi nt itke mmrggdemsdwargﬂ\ab/elmmregaxlﬂio't%bpdbcl@@geme@utescqrérotf’@ 1500.
:a;evr:lp: lar ngg'Q hairggtggfap tpr%g%rgrgﬁﬂﬁo%% gﬁcﬁfll}}%d {Qﬁéle't)&e@{/:s# a ?L%s and
m)dl f i cat ipposesainghproceske panabila gelectiom + thqﬂ dIBChaIgd PSESSPEE orf dlsthargemvenft i on.
AL Suh Rpb R0 NBRAL BB AIS ) Sok B G Bl ot BTl A
What i s cltechrmiplesssimilar to the analogous pump inlet pipe 22 pressure control

accomplished by inlet pressure control PLC 200 and PID 201, motorized inlet

valve pilot regulator 26 and inlet pressure control valve 24. Remote control of the

discharge pressure setpoint 108 by an external computer or device can be relayed

through controller logic PLC 211 and discharge pressure control PLC 102. Also,

as is the case with manual pump inlet pipe 22 pressure control, manual discharge

pipe 75 pressure control is possible using panel mounted operators (not shown)

and the feedback from the panel mounted indicators including valve position

indicator 110, speed indicator 134, valve position indicator 132, pump speed

indicator 115, pump speed indicator 215, discharge pressure indicator 113,

discharge temperature indicator 114, and discharge bubble detection apparatus

indicator 71, and the motorized discharge valve pilot regulator 82 position indicator

116.

As hereinbefore set forth, the rotational speed setpoint 109 of the

regenerative turbine pump 60 can be calculated by the controller 100 considering

various factors. For example, the pump motor speed setpoint 109 must be high

enough that the regenerative turbine pump 60, when its impeller (FIG. 2A, 63) is

driven at the pump motor speed setpoint 109, will output a minimum pressure

equal to or greater then the calculated discharge pressure setpoint 108.

Subsequent to reaching the aforementioned minimum rotational speed, the pump

motor speed setpoint 109 can be upwardly (or to a limited degree downwardly)

adjusted so that the rate of the passage of the regenerative turbine pump 60

impeller's buckets (FIG. 2A, 64) matches the generated bubble production rate. In

this way the bubbles flow singularly into the regenerative turbine pump’s 60

impeller buckets.



1. An apparatus for producing fuel gas conprising: an inlet pipe for
delivery of a fluid; a bubble generator for producing a |linear stream of
bubbl es; w0 20rymeer for injecting the bubbles into thePCiraisdo11assos a
regenerative turbine punp having an inlet for receiving fluid containing
bubbl es, and an inpeller blade definid§ a plurality of buckets, the buckets
receiving a single bubble which is collapsed to forma fuel gas. 2. The

appar atus of clrgid8cbmplish &mgrth%%mﬁaoﬁémgo@ p@ﬁﬁ.té WRELdnRARGIA th@ﬁ

separating the fuel gas fromthe fluid e apparatus o alm 2

further colgshprgenyessuraepnigeldyLG aﬂ%aad pymppmptw srmd ﬁgnthié’LﬁJ‘éM ad from
the gas |i-guidiNePBlUBYI  detection apparatus 40 interpolated data that provides the

number of bubbles generated per minute (or other time interval) from inlet
pressure control PLC 200, via the controller logic PLC 211, to pump motor speed
control PLC 104.

Controller logic PLC 211, in addition to and in support of controller logic
101, also stores and distributes to the controller’s subsystems PLC 200, 102, 104
upon request parametric data describing the operational performance
characteristics and limits of the current configurations of the apparatus
subsystems, including information about the installed regenerative turbine pump
60. This pump configuration information can include performance curve data
based on the regenerative turbine pump’s 60 rotational speed, providing
specifications such as maximum discharge pressure, maximum rotational speed,
or flow rate, horsepower requirement or NPSHr as a function of the rotational
speed. This configuration data is used by the apparatus subsystems’ control PLC
200, 102, 104 to verify setpoint data ranges and identify out of limit operational
conditions and for operational error control. In addition to this standard pump
performance curve information, data regarding the regenerative turbine pump 60
impeller's (FIG. 2A, 63) design is stored accessible to the controller logic PLC 211
and reported to pump motor speed control PLC 104, including the number of
impeller buckets (FIG. 2A, 64) along the circumference of the pump’s impeller.

Controller logic PLC 211, using the stored subsystem configuration data,
controller logic 101, carbon dioxide reduction logic 106, and setpoint data 107,
108, 109, retrieves or calculates and then transmits at operation startup an initial
discharge pressure setpoint 108 to the discharge pressure control PLC 102 and an
initial pump motor speed setpoint 109 to the pump motor speed control PLC 104.
The discharge pressure control PLC 102 then recalculates the discharge pressure
setpoint 108 and transmits it, along with the process variable, either the pump
discharge pipe 75 pressure sensor 113 signal or the discharge bubble detection
apparatus 71 signal, to the discharge pressure control PID 103 so it can position
the motorized discharge valve pilot regulator 82. If the bubble collapse rate is

insufficient, or the final bubble size is greater than the invention application



4. The apparatus of claim1l1, wherein the nmeans for noving the bubbles

I ndi vidual |y conprises a sensor sensing a process paraneter associated with
oper at i orwof20tgo4unp, and a controll er in conmuni cati oRCHUSROIIN&288€NSOr
the controller processing the process paraneter and adjusting operation of
the punp based upon processing the pr@d8ess paraneter. 5. The apparatus of
claim4, wherein the process paraneter conprises at |east one of the

rotati onalsp&@.ﬂ@@hoﬁf ot- BabhiEP e & bb%ﬂéﬂj‘/ %ou:qisée %ﬁg@t Riré 5N sBen B dhe
terrperature rqparatus of cl alml further conp I‘ISIn a pressure

contr ol vg'%afg? PH@"? efgetign RPramtug dilt fhan “‘ﬁgd'ﬁ?'?:ﬁ}iﬂe pyesspf% sgippi at us of
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conjunction with the current pump motor speed setpoint 109, determines whether
the maximum pressure at the current pump motor speed setpoint 109 is greater
than the transmitted newly calculated higher discharge pressure setpoint 108. If
the current pump motor speed setpoint 109 is too low, pump motor speed control
PLC 104 calculates a new pump motor speed setpoint 109 to cause the
regenerative turbine pump 60 fo output at least the new discharge pressure
setpoint 108 requested by the discharge pressure control PLC 102. Conversely,
where the collapsed bubbles are too small or the calculated collapse rate is too
great, the discharge pressure setpoint 108, and possibly the pump motor speed
setpoint 109 can be lowered. Both of these processes can be implemented using
a ranged analog or digital signal representing the speed setpoint, calculated by
pump motor speed control PID 105 and transmitted to the variable frequency drive
126, which in turn varies the power frequency supplied to the pump’s motor so that
it rotates at the pump motor speed setpoint 109. The variable frequency drive 126
continuously returns operational status data, including current actual pump motor
rotational speed, to the pump motor speed control PLC 104, which in turn relays
this actual pump motor rotational speed data to the pump motor speed control PID
105 as the process variable. Once the final adjustment of the pump motor speed
setpoint 109 is complete and bubble collapse occurs as desired, pump motor
speed control PLC 104 can switch the process variable used by the pump motor
speed control PID 105 from the actual rotational speed signal relayed from the
variable frequency drive 126 to the bubble properties signal transmitted from the
discharge bubble detection apparatus 71. As with inlet pressure control, the
discharge pressure control PID 103 and the pump motor speed control PID 105
process variables can be switched as required between the actual discharge pipe
pressure as detected by the discharge pressure sensor 113 or the discharge
bubble detection apparatus 71 signal.
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rate and final bubble size for a particular application is achieved, fine pump motor
speed setpoint 109 adjustment can commence. To accomplish this, pump motor
speed control PLC 104 requests the current bubble generation rate from PLC 211,
which in turn retrieves the current inlet bubble detection apparatus 40 bubble
property values from inlet pressure control PLC 200. Once the current bubble
production rate is retrieved, pump motor speed control PLC 104 then calculates
the current impeller bucket (FIG. 2A, 64) passage rate as impeller (FIG. 2A, 63)
revolutions per minute (or other time interval) multiplied by the total number of
impeller buckets 64 on the impeller's circumference, yielding the total number of
impeller buckets passing by the pump inlet 61 per minute or other time interval.
With this bubble generation rate data and impeller bucket passage rate data,
pump motor speed control PLC 104 continuously recalculates a new pump motor
speed setpoint 109 that synchronizes the impeller bucket passage rate to the
bubble generation rate so that the bubbles are collapsed singly in the impeller
buckets 64.

It should be understood that to accomplish the timing between generated
bubble and impeller bucket 64, and as a pre-requisite step of application design,
the number of bubbles generated and number of impeller buckets should be
coordinated so that the impeller can be rotated at the minimum speed to collapse
the bubbles as required by an application using a particular impeller design and
bubble generation apparatus 30 configuration.

The apparatus can be operated in one of at least three separate purpose

" modes: as directed by an external device or computer, or as directed by
algorithms executed by controller logic PLC 211 using controller 100 and residing
controller logic 101, carbon dioxide reduction logic 106 and setpoint data 107, 108,
109, or manually using panel mounted controls and indicators. In each of these
three modes, the operational parameter values and setpoints, or the algorithms
used to calculate them, as well as the useful subsystem process variable
identities, are known and are input as controller carbon dioxide reduction logic 106
and setpoint data 107, 108, 109 intended and expected to achieve a particular
operational result.



reacting the carbon nonoxide to produce nethane. 11. The nethod of claim
10, further conprising collapsing the bubbles in isolation using a pressure
pul se. MO 2040 hod of claim 11, wherein the bubbl esprParaScalloagssed i n

i ndi vi dual bucket chanbers of a regenerative turbine punp. 13. The net hod
of claim 12, wherein the bubbles are éAtrained in a helical flowin the
chanbers of the punp before collapse. 14. The nethod of claim 13, further

comprising the>hefng! mEE UL ik BIRRM A use@ss B3bA 10 Letfintlthean of

wat er using at [ east one Sensor an In comunication with the
at | east apiinméopentiond parafhetenealuesiand thel idemtitieg of thasemsecessveripklesng t he

coept abl dfunge DerhSing darfebi ApEoE SlE P sebimiME P U\,
conpri si ngppleatiohegewdiomdents bpergtiomstr mpbden thef selpointedataed@l,i 468,t d09i ne punp
In responss%bFn(ljtterEDpeiptrgs,rein?Qesqfvaﬁuhee repnrgeeg,s 8F %reo ralgtopl%n];sl Bg\’eé % %alculate test
value ranges, and include target performance specifications for bubble production
and collapse. In this mode, the carbon dioxide reduction logic 106 can provide
both an operational test sequence algorithm that controls how each setpoint
should be varied across the submitted setpoint data 107, 108, 109 range, as well
as an algorithm and criteria to evaluate each set of operational parameter values
against the target application performance specifications. During test execution,
carbon dioxide reduction logic 106 stores those operational setpoints that provide
useful results, either a good fit or a poor match to the target performance.
The controller 100 can be used as an analytical tool to determine the
optimal operational parameter values required for producing bubbles of a certain
size and collapsing them at a specific rate to plasma hot spots or as required by a
particular application of the invention. The controller 100 allows automatic
sequential execution of operational trials using electronically stored inlet and
discharge pressure setpoint values or value ranges and pump speed setpoint
values or value ranges that may produce desirable performance characteristics, as
required by a particular application. The controller 100 automatically recalculates
and varies the operational setpoints using the originally input setpoint values or
value ranges and value modification algorithms residing in the controller.
Alternately, the operational trials could be directed using an external computer,
PLC or other functionally equivalent device to submit test setpoint data 107, 108,
109 and test application logic to controller PLC 211, through external interface
PLC 118. Once testing is complete, result data can be read by or uploaded to an
external computer or device for storage or further analysis. Rather than storing
only criteria matching operational test data, all result data could be stored, locally
in the controller 100 or on a remote computer or storage device for further
analysis. The controller 100 concurrently records and subsequently analyses the
trial operational results. In this way, an application protocol describing the

operational conditions and process variable selections most likely to produce a
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controller 100 as reporting those setpoint combinations yielding desirable or best
fit operational characteristics using controller residing result evaluation algorithms.

FIG. 3 is a flowchart showing processing steps that are carried out by the
controller logic 101 of the present invention. Beginning in step 1010, the controller
logic 101 inventories subsystems and obtains the status of the subsystems. A
determination is made in step 1020 as to whether any errors are present. If errors
are present, in step 1030 the errors are displayed and the status of the errors is
transmitted for review, and then the system is halted in step 1040. Otherwise, if
there are no errors in step 1020, a determination is made as whether to initiate
automatic control mode in step 1050. If a negative determination is made, in step
1060 another determination is made as to whether to initiate manual control mode.
If a negative determination is made, yet another determination is made as to
whether to initiate external control mode in step 1070. If external control mode is
not executed, a control mode error is transmitted (“thrown”) in step 1080 and the
processing reverts to step 1030 in which error stats are displayed and the status is
transmitted.

If automatic control mode is initiated in step 1050, the setpoint data 107,
108, 109 is obtained from controller in step 1090, and step 1120 occurs. If manual
control mode is initiated in step 1060, the setpoint data 107, 108, 109 are obtained
from an operator panel in step 1100, and step 1120 occurs. If external control
mode is initiated in step 1070, the setpoint data 107, 108, 109 are obtained from
an external device in step 1110, and step 1120 occurs. In step 1120, the setpoint
data is transmitted, the pump 60 and subsystems are started and the status is
obtained. Thereafter, in step 1130 a determination is made as to whether the
setpoint range is acceptable. If a negative determination is made, an input
setpoint range error is thrown in step 1140, and the processing reverts to step
1030. If the setpoint range is acceptable, carbon dioxide reduction logic 106 is
performed in step 1150.

Next, in step 1160, a determination is made as to whether a subsystem
error exists. If a positive determination is made, the processing reverts to step
1030. If no errors exist, a determination is made as to whether to initiate

operational command in step 1170. If a positive determination is made, external
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whether to halt the request in step 1210. If a positive determination is made, the
processing reverts to step 1030. Otherwise, the processing reverts to step 1050.
If operational mode change is not performed in step 1200, a determination is made
as to whether to request subsystem data in step 1220. If a positive determination
is made, the subsystem data request is processed in step 1230, and the operation
of the system continues in step 1240, and the processing reverts to step 1150.
Otherwise, the operation of the system continues in step 1240, and the processing
reverts to step 1150.

FIG. 4 is a flowchart showing processing steps of the carbon dioxide
reduction logic 106. Beginning in step 1300, bubble generation logic is performed.
In step 1310, a determination is made as to whether any error states or events are
present. If any error states or events are present, the processing reverts to step
1150. Otherwise, bubble collapse logic is performed in step 1320. In step 1330, a
determination is made as to whether any error states or events are present. If any
error states or events are present, the processing reverts to step 1150. If step
1330 determines that there are no error states or events, control returns to step
1300.

FIG. 5 is a flowchart showing processing steps of the bubble generation
logic. Beginning in step 1400, a determination is made as to whether any
setpoints are out of range. If a positive determination is made, a bubble
generation setpoint error is thrown in step 1410 and the processing reverts to step
1300. Otherwise, a determination is made as to whether the bubble generation is
acceptable in step 1420. If a positive determination is made, the processing
reverts to step 1300. If the bubble generation is not acceptable, the inlet pressure
setpoint is adjusted to correct bubble generation in step 1430, and the process
reverts to step 1400.
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to correct bubble collapse in step 1530. Next, in step 1540, a determination is
made as to whether the available pressure is too low. If a negative determination,
the process reverts to step 1500. Otherwise, the pump speed setpoint is
increased in step 1550, and the process reverts to step 1500.

It will be understood that the embodiments described herein are merely
exemplary and that a person skilled in the art may make many variations and
modifications without departing from the spirit and scope of the invention. All such
variations and modifications are intended to be included within the scope of the

invention as defined by the appended claims.
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CLAIMS
What is claimed is:
1. An apparatus for producing fuel gas comprising:

an inlet pipe for delivery of a fluid;

a bubble generator for producing a linear stream of bubbles;

an injector for injecting the bubbles into the fluid; and

a regenerative turbine pump having an inlet for receiving fluid containing
bubbles, and an impeller blade defining a plurality of buckets, the buckets
receiving a single bubble which is collapsed to form a fuel gas.
2. The apparatus of claim 1, further comprising a gas liquid separator for
separating the fuel gas from the fluid.
3. The apparatus of claim 2, further comprising a fuel gas transfer pump for
moving the fuel gas from the gas liquid separator.
4, The apparatus of claim 1, wherein the means for moving the bubbles
individually comprises a sensor sensing a process parameter associated with
operation of the pump, and a controller in communication with the sensor, the
controller processing the process parameter and adjusting operation of the pump
based upon processing the process parameter.
5. The apparatus of claim 4, wherein the process parameter comprises at
least one of the rotational speed of the impeller buckets, discharge pressure, and
temperature.
6. The apparatus of claim 1, further comprising a pressure control valve in the
inlet pipe for controlling flow.
7. The apparatus of claim 1, wherein the fluid is water.
8. The apparatus of claim 1, further comprising a bubble detection apparatus
attached to the pump, the bubble detection apparatus detecting the number and
size of the bubbles.
9. The apparatus of claim 1, wherein the bubble generator is an injector for
injecting the bubbles into the fluid.
10. A method of creating methane fuel gas comprising:

producing carbon dioxide bubbles;

introducing the carbon dioxide bubbles into a stream of water;
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delivering the stream of water with bubbles to a regenerative turbine pump
having an impeller defining a plurality of buckets;

collapsing the bubbles to create an ionized gas and ionized liquid mixture
containing hydrogen, hydroxyl radicals and hydroxide;

reacting the ionized gas and ionized liquid with carbon dioxide to produce
carbon monoxide; and

reacting the carbon monoxide to produce methane.
11. The method of claim 10, further comprising collapsing the bubbles in
isolation using a pressure pulse.
12. The method of claim 11, wherein the bubbles are collapsed in individual
bucket chambers of a regenerative turbine pump.
13. The method of claim 12, wherein the bubbles are entrained in a helical flow
in the chambers of the pump before collapse.
14. The method of claim 13, further comprising the step of monitoring pressure
or flow rate of the stream of water using at least one sensor and a controller in
communication with the at least one sensor.
15.  The method of claim 14, further comprising the step of determining whether
the pressure or the flow rate is within an acceptable range using the controller.
16. The method of claim 15, further comprising the step of adjusting operation
of the regenerative turbine pump in response to monitoring of the pressure or the
flow rate.
17.  The method of claim 10 further comprising reacting methane and residual
carbon dioxide and carbon monoxide with hydrogen to produce alkane gasses.
18. A system for producing fuel gas comprising:

an inlet pipe for delivery of a fluid to the pump;

a carbon dioxide gas supply for supplying carbon dioxide gas;

a bubble generator for producing a linear stream of bubbles;

an injector for injecting the bubbles into the fluid; and

a regenerative turbine pump having a plurality of buckets for receiving and
collapsing the bubbles.
19. The system of claim 18, wherein the regenerative turbine pump includes an
impeller blade defining the plurality of buckets, each bucket receiving a single
bubble.
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20. The system of claim 19, further comprising a sensor sensing a process
parameter associated with operation of the pump, and a controller in
communication with the sensor, the controller processing the process parameter
and adjusting operation of the pump based upon processing the process
parameter.

21.  The system of claim 20, wherein the process parameter comprises at least
one of the rotational speed of the impeller buckets, discharge pressure, and
temperature.

22. The system of claim 21, further comprising a second sensor sensing a
process parameter associated with operation of the bubble generation apparatus,
and the controller in communication with the second sensor, the controller
processing the process parameter and adjusting operation of the bubble
generation apparatus based upon processing the process parameter.

23. The system of claim 22, wherein the process parameter comprises at least
one of the size of the bubbles and rate of bubble formation.

24. The system of claim 18, further comprising a sensor sensing a parameter
associated with producing the bubbles, and a controller in communication with the
sensor, the controller processing the parameter associated with producing the
bubbles.

25. The system of claim 24, further comprising a second sensor sensing a
parameter associated with collapsing the bubbles, and the controller in
communication with the second sensor, the controller processing the parameter
associated with collapsing the bubbles.

26. The system of claim 18, further comprising a sensor sensing at least one
parameter, and a controller in communication with the sensor, the controller
processing the at least one parameter to allow automatic, sequential execution of
operational trials.

27.  The system of claim 26, wherein the at least parameter comprises at least
one of the inlet pressure setpoint valve, discharge pressure setpoint valve, and
pump speed setpoint valve.

28. The system of claim 27, wherein the pump includes an operational setpoint,
the controller including value modification algorithms, the controller recalculating

and varying the operational setpoint based on the at least one parameter.



