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FIELD OF THE INVENTION

The present invention relates to pump systems and controllers to create an

automated, customizable, chemical reactor.

BACKGROUND OF THE INVENTION
Cavitation caused by ultrasonic and hydrodynamic equipment and

techniques has been used for Ycatalysis 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. Reactions catalyzed
by these means are numerous and include hydrolysis, hydrogenation,
transesterification, hydrodesulfurization, polymerizations, protonation, and others.
The field of ultrasonic sonochemistry is well established and the techniques of
sonication as a catalyst for reduction and oxidation chemistry and numerous
organic and inorganic degradation and synthesis processes based on aspects and
principles of sonochemistry have been in use in academia for experimentation and
production of exotic chemical species for many years.

Implementation of hydrodynamic cavitation and sonochemistry for

commercial or industrial scale resource processing, chemical synthesis, waste
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of bubbles and their subsequent collapse rates, shapes and characteristics.

Both ultrasonic and hydrodynamic cavitation also result in cavitationa

damage to process circuit elements as conditions for controlled cavitation often

result in insipient or other undesirable cavitational effects at or on surfaces or

system components, resulting in component wear, significantly affecting process

economics.
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conversion of the internal and boundary layer gas and liquid phase content of the

bubble to plasma, ionized gas and ionized liquid. Consequently, a change or
increase in the reactivity of the elements and compounds in the gas or liquid
phases of the bubble and the surrounding liquid media occurs.

In one aspect, methods and apparatus are provided that use the properties
of a collapsing gas vapor bubble in a liquid media as a catalyst for reactions
between elements or compounds contained in the gas or liquid phases of the
bubble, or as a catalyst for reactions between elements or compounds contained
in the bubble and the elements or compounds present in the bubble containing
liquid media.

In another aspect, methods and apparatus are provided to form gas vapor
bubbles in a liquid media and to collapse them in isolation from each other using a
controlled hydrodynamically generated pressure pulse of sufficient magnitude,
both in rate of pressure increase and ultimate maximum pressure that the bubble

vibrates, for example at its eigenfrequency, during collapse for a sufficient interval
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calculates optimal pump speed and pump system pressures for one of the
alternate apparatus configurations or applications, to start and sustain the
formation in the pumped media of a specific number of gas vapor bubbles of a
particular size and then subsequently collapse the same bubbles at a particular
rate to a specific ultimate final bubble size.

The pump control system incorporates a controller that provides a speed
setpoint signal to the pump motor drive and pressure setpoint signals used to
operate pressure regulating valves controlling pump inlet, casing and discharge
pressures. |

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.
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I nstrunent ati on di agram depi cting an exenplary inplenmentation of the
appar at uswof2otgosesent i nvention including a punp sysPeERUSsuUbSySLENS,
conponents and apparatus controller used to create gas vapor bubbles in a
punped |iquid nedia and col | apse them t8 pl asma hot spots, in accordance

with several aspect of the invention; FIG 2 is a piping and

i nstrunent ati on di agram BRIEE DESCORIBT guration of the
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cross-secti zfa)c?céc1>|rdavnlcg\/\v'\ﬁthosfevterh ?asp&?g?{h%tlhye%tlgw bine punp shown in FIG 1,

FIG. 2 is a piping and instrumentation diagram illustrating an alternate
configuration of the bubble generation apparatus subsystem depicted in FIG. 1,
utilizing a venturi;

FIG. 3 is a piping and instrumentation diagram illustrating another alternate
configuration of the bubble generation apparatus subsystem depicted in FIG. 1,
utilizing an eductor;

FIG. 4 is a piping and instrumentation diagram illustrating yet another
alternate configuration of the bubble generation apparatus subsystem depicted in
FIG. 1, utilizing an inline gas injection;

FIGS. 5a, 5b and 5c are cross-sectional views of the regenerative turbine
pump shown in FIG. 1,

FIG. 6 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. 7 is a flowchart showing processing steps carried out by an application
logic of the present invention;

FIG. 8 is a flowchart showing processing steps carried out by a bubble
generation logic of the present invention; and

FIG. 9 is a flowchart showing processing steps carried out by a bubble

collapse logic of the present invention.
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subsystems that can be configured as required by a particular application. The
apparatus includes a regenerative turbine pump to effectively entrain and collapse
bubbles. FIG. 1 depicts an exemplary piping and instrumentation layout of the
apparatus and its subsystems. In the alternate configurations, the apparatus
generates a controlled linear stream of particularly sized bubbles in a pumped
liquid media at the inlet, but outside of the casing, of a regenerative turbine pump
and then rapidly collapse the bubbles, while entrained in the helical pumped media
flow within the blade turbine of the impeller of the regenerative turbine pump so
that a plasma hot spot is formed at the center of each collapsed bubble.

Referring to FIG. 1, an exemplary apparatus is generally indicated at 10.
FIG. 1 shows a basic system overview but depending on the bubble generation
apparatus used, the basic system may be modified. 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 a liquid source 12
and a liquid supply 20 through motorized liquid level control valve 16 using level
control 18. The liquid supply 20 can supply a liquid that can be a single
substance, mixture or solution and may be pressurized, heated or chilled. The
liquid supply 20 delivery pressure at the pump inlet pipe 22 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 for the particular
application, and is preferably greater than the expected maximum pressure
required by the bubble generation apparatus 30. The liquid supply delivery
pressure can be provided from a tank or other storage medium, allowing
connection of the device in a batch process. Alternately, the liquid supply 20 could
be an effluent from an upstream process, allowing installation of the apparatus in a
production line. The formation of bubbles in the fluid stream and the processing of
the fluid stream depends on the initial solution. If the initial solution contains
carbon dioxide, a venturi can be used to form bubbles in the fluid. If the initial
solution does not contain carbon dioxide, carbon dioxide bubbles can be added to

the solution for subsequent processing. Processing of the solution is undertaken
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9 application. Inlet bubble detection apparatus 40 may include sensor

el enent 40a, transmtter 40b and indicator 40c. Dependi ng on the
speci fi c wppbi2ombioen and t he nature of the punped nedi aPCprusp@En/op2sessur e
control of the punped nedia flow ng through the punp inlet pipe 22 may

I ncl ude detection of other paraneters t he punped nedia's conposition or
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pressure of hqu1d supply 20, or a change in the flow rate requirements of the
downstream subsystems can be detected and compensated for using closed-loop
control, maintaining pressure and flow as required by the bubble generation
apparatus 30.
Next, continuing with FIG. 1, the pumped media flows from the inlet
pressure control valve 24 through the inlet bubble generation apparatus 30.
Bubbles are formed using one or more of at least three alternate possible
configurations, although there are other possible effective methods of bubble
production that could be adapted for use in the apparatus. It is expected that a
useful configuration of the inlet bubble generation apparatus 30 will produce a
steady, linear bubble stream in the range of approximately 100 to approximately
9,000 bubbles per second, as required by a particular application, with stable
bubble diameters in the range of approximately 0.5 microns to approximately 1

mm, again as required by a particular application. Particular applications could



have different ranges of anmpunts and sizes of bubbles. Also, it is
desirable for the bubble generation apparatus 30 to produce a |linear stream
of bubbl esoasizppwsed t o uncontrol |l ed cl ouds of bubbl esPpraseecedsisgs some
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pressure or so I'nation of thereof gas-sat urated punped liquid
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272, the velocity of the punped nedia, the static operating pressure at the
inlet of the bubble generation apparatus 30, and any other property of the
punped nedia that can affect the gas vapor conposition of the bubbles. This
nmet hod enabl es automatic m xi ng of the dissolved gas and punped nedi a

l'i quid gas vapor conpounds in the bubbles. An exanple of a venturi for use
in the present apparatus is the Venturi Tee made by LASCO Fittings, Inc.,
Brownsvil |l e, Tennessee. Referring nowto FIG 3, a second alternate
configuration of the bubble generation apparatus 30 includes a nodified
appar at us generally |nd| cat ed at 310 Th| S confi guratl on uses an educt or
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12 application. Pressure at the eductor orifice 372 is controlled by a

not ori zed gas pressure control valve 374 installed between the gas supply
352 and twe etumbis 370, regul ating gas delivery pressuP€T/Usb@1m828¢% or gas
supply pressure sensor 375, which may include sensor el enent 375a,
transmitter 375b and indicator 375c, sédds a ranged anal og or digital
signal representing the current regul ated eductor gas deliver ressure to
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Referring back to FIG 1, the punped liquid nedia containing entrained
bubbl es passes through the optional inlet bubble detection apparatus 40. In
fixed or wowofdwosoappl i cati ons, or with feedstock that PSTiUsS2@i052328 i N
conposition, it may be sufficient to rrgnl tor the bubbl e generation
apparatus 30 operating conditions as r Borted by inlet pressure 111 and
tenperature 112 sensors, using a specific inlet bubble generation apparatus
30 confi gura@phc:atlonWFéesswecalh theoededton orifics Ieisi qeatielsaby 2 etolired 8adubbl e
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containing liquid neda erring ngwto FIG t he gubbl es
and punped SIUPG@ﬁdfoﬂ?@d?@P}?a§§t@’Pﬁ%@|%BP%V%%WW'@? fe@ﬂef mnef? CH'ef &Y abl y

has a snmoot\gcy, éﬁé gﬁém‘@kﬂéﬂj IRRERa, Wt SIBIHENTPAN-Séta el H1dn0¥a%hﬂédi bgl anet er
across the punped nedi a ath and whi ch preferably intersects

casi ng t angnt i Steingn Mfﬂtﬁat, @ﬁﬂﬁu!fbrﬁ?ésmmwiy Newelqiedip fonpesist gHeble
consequent léptrgln?ﬁémt ﬁ‘néé’rr &htSd 53@ Iy Qﬁ%‘ﬁé ShrieBtednts a%d??{ﬂbr@@%d? I's

m nim zed. then pas es | e casing 62 of
450 WhICh dlscharges the gas into a pressure regulated line. Inline gas injection

nozzle pressure and compressor speed control PLC 476 reads the ranged analog
or digital injector pressure signal from the inline gas injection nozzle pressure
sensor 475 which may include element 475a, transmitter 475b and indicator 475c.

PLC 476 continuously retrieves the current inline gas injection nozzle pressure



15 regenerative turbine punp 60 where the punped liquid nedia is forced, by
contai nnment within the buckets 64 forned by inpeller blade 65 within the
punp casiwg@e1zmmebar space, to flow in a helical pathwegTaB201Tlss29ccurs
as the punped liquid noves with the pun? i npel ler 63 through the punp
casing 62. The punped liquid nedia rotates about the axis of the direction
of flow, causing an entrained bubble 67 to remain at the center of the flow
path, preveetpoing 4%7s andiiTecalouiates a mewpprgssuEes pOlLoransmitingad r80¢¢%hces and
restrainin t n e e E speed
set poi nt og n%l&g i ﬁﬂﬁé' 9|gﬁ?l @%‘J %c? ?ng%la %ae%[béisrﬁ“ﬁeg Cg?)tp Déﬂﬁ ?ﬁ“gﬁ'@fgn and
t hen subsemgmﬂtéythﬁam]etcaonnedzm peasisuest elfl thgsintieg)gas ijedtipn eazle pnessore er 100

et | er bttt 42 BRAR B AG RS L has'SppElaszbradfive ATTRUERRL 0P

mat ches t hehengadeupply pfdssurecctntralleredbd) @b restotirext g pressimectogitrot Yadvepunp

inlet 61 A~ di t t h . int. | at ed
b i nl e HARotah Ehiv 08 Sfitsabd BampiissBY AR I RELB A 0R2 AP e he
punped nedppeskl@narstae the frocssscyartabid, uerdﬁWﬂdjusss thee inine erhssinjegtiorar | y
i ell er buckets 64, m t he .i ncidence of

nto the i m at
: npel | er LBB@?SCW'FH%QF EB‘?ﬁdalsﬁ Boit: s IS@ 'bgb?e'@ I @J?ﬁﬁlopn §o%%r at i on.
Finally, tbesaurp seipprit|4n7 @&mam&nwm&med FafeddawnWam gad Prgssuis

pressure are so adjusted and i nt ai ned du“hﬁ-g)a eration. Lgat tB ube es
i ndi vi dual IaQJUéWE‘ﬁ’rﬁlcﬁB(Pel apcpppli HChaNgIothREYFSSUFS BRPOIRhHaRYRtgH

W thin indiyd %abniéapgbé %re%%ﬁtr@ﬂvaﬁémml |©ﬁé‘ee¢L@S 417becas¢mat@yruil ng
punped liquid flows fromthe inlet 61 to the punp di scharge 68 at

cut-wat er GESSHEE S¢{BOipk é%@utf@sm of i fjjge &?EHW@C%P%% REpSEHEFIEOl bucket s
64 increas fcf?%”‘\ﬁltﬂ‘eln]%ﬂ&w 'nBJzz% p‘ééssm&a?yra% fre ,srbeeJSI mlabweegm@t g7 punp

di schar ge pressure. initial and final bubble sizes, rate
of bubbl e cejaysmb@ecur@ﬁacwn@sswoﬁloam@w (BefsBlowne sPeed Eppdhatcampressar
pressure, Qé’ec?Q&?tF‘dilHP%é Yo irife Cg%§% Ebﬂih ﬁ&?z'lﬂ@émbfés&&esﬁ@é@%%trbl A d nedi a
and bubbl e Tontent properties, tion or reactivity, are directly and
mechani cal #§7 atangrwith the. curreat a@mpeassprasmeadfsqimmm @&onlath% egalies mi ned
oy Lthe 91 ThEbABRABRINERSRNS Wild falba 3R SablaiRl PURRIE, ShaidEfddr "ate of
pressure rise Wthrn the punp casmg%. Bri%e autonati c ani cal
control of of ibebblepmrﬂelﬁt sizevadiasmbkl dysvarpieg atppanbneugas iinectiamn nozzie

ot et oo gl BeboPhiar7oO sl PSR R el WecBRSEY Lt BF spRL ™

rR egener at i additiom bo niee pump rhte:t ngMZZI piééssgm ;s ?ﬁgtgapﬂwcygthesmiei plgess;r? and
egener ative rb em cal Punp nmade by Ro unp npany, Roc sl and,
[111inois. thH Va grﬂgr ative turbine chem cal duty punps provide conti nuous,

hi gh pressure prefimg dacken-FIGhN| dad pOg'lpaﬁdquIW mia/eomtamxmgisntré'hed;e
regenerative turbine p

sel f - cent ePHRYes Rﬁ%?qsetﬁguﬂa%%ﬁgﬁ‘g{ﬁ' W%Pea‘?%m@’\e/%qeqaéé@ gb ﬁ’ﬁ«g?‘r‘?%al s

Wi th procegp|dieagw appli¢aiohd 08 With fée%?ocmthat i6GRvapiaht (Mébrgdsition] BHnay 3500
rpm NPSH from3 to 14 ft. (0.91 to 4. m% andteg&ﬂratures ta]ﬁ450F

(2320). AnBERsHTiIGiSnt 1 moniter %E%%@&P?R?@O (APBRAIS 30OPEEAING SONGILPRS t he

present apB@ﬁﬂ&éﬁed By wétagrbgwraqmwd%h%raﬁufemWsm R§Ry B¥pbyinaf | ow
Engi neeri ng, | esex, New Jersey. Another exanple of a regeneratl ve

t ur bi ne purf‘ﬂﬁtfwbbiﬁs@ewr@mprt ARPRRIS I ciguraiicns Waerpueh Jorsti9PS P6° made by
War render, 8uat¥\b&q~ﬁ@%€bubb'el erQb&ron parame@?%h@k”rﬁl&t 98%&5%‘? &y the

punp ca5|n referrin punped |1 quid nedia containing
partially Q@nthilﬁél agditienal apaled ondmﬂab@,etp@tme@‘ tiae sizgfand winthamnef bukbleg and

t hrough th 6 6 h

oot by st PSR offeRf e becfqulps, Mhithecsd) SiptRsiins, e baRIIE 190 138

acr oss thecmtnqjled logicli 101f thatvreegivesathe ahsalog mreﬂlett@lbbthlmmwoe dat® casi ng

tangenti al E%nals@utbltﬁaf];orﬁ 'ﬁ{é)ﬁ‘\ieec'B%Bbllesde%&iiomaiﬁgratus 40 and, in conjunction with

other data from detection inlet sensors 111 and 112, calculates new operational



Continuing wwth FIG 1, the punped liquid nmedia passed through the optional
di scharge bubbl e detection apparatus 70 which may include sensor el enent
70a, tramnsoi2pt2ém0300b and indicator 70c. As with inlet deCeatScen/osishe
controller 100 can nonitor conditions qy pr operties of the punped nedia in
order to determine the correct speed setpoint 109 of the regenerative
turbi ne punp 60 and the correct pressure setpoints 108 of di schar%e

pressure cdi¥ametey yalugsgepich gs Hisppressire GhdhevidgtdubblesgenasatingnarPasdtupr oduced

bubbl es i's Jeesulddt@) thel & Pre Ure BEhtrB? 38IVE QAEHT thefgak RAUBIITMG. Q,“ﬁbd?ioie of
bubbles that remain in the punped |liquid nedia streamdi scharged fromthe
regener at i VRIeetar iFie 4 AN9) dibe RiasHEe. L3R dsed it M plennateebubie geaeration to t he
punp speed r i : ddBgs i ) t

applicati on@%?@?%ﬁéﬁ@%@ﬁt&? e§¢62§e of dgﬁ%%%%%ﬁ%%%@ﬁm Ctot?ltrﬁl't he

r egener at i Videteaniiolier Ipgiad 08 @owid| e priegrasersed asingraay ranitabia mighuerdodilesthar ge

pressure 1 oi .con t egen | t.ur bl np 60
i mpel | er (%I%E\ﬁ) %g%) pg%%'g@%e{ﬁ% Fral;e’g%%?egxgy%?wg g’?s%nzédgg&prée%s%d@@%rol
val ve 80, iexecutebleaimetiuctiony stored in ancemputebleadgelaemadiuon suwhuasidieslay, t he
optional di g I e L 704 d ct. and
measur e any'ﬁ%ﬂgréfl gg%tlﬁﬁ%t 8'|p grréfﬁ%gl&ahie%pgteﬁﬁpﬁ' mea-l51 g Weg\%’ l}c?%\l/\engereé%%ﬁof t he
][ legene\r,\zt i \apparatis ﬁ(bczrlgbp aBp oné fof tbuiumbe_s]?age\gagfstteat @e delsig{nﬁe taﬂ'{)ﬁxdluae ?ﬁ t

ow, ere none_ sho e. present, . or i u s larger an ose.tha
shoul d be ﬁr%ag’@%fj aanﬁgogdgf g@t‘gﬁ?lg{\ﬂlew# ﬁgrr8§%omgret et Sr'gggklﬁfea%deﬁﬁ?rﬂf can be
i ncr eased. bubbles préseritlﬂmaegwﬁch 7 ular Ibe?xwmeihaé twe phasaliqeid poadia, 6Slcli &r:]hlarge
pressure can _he acco ished in at |easf t ys. First, ere t current
di schar ge b’?qg %rﬁm?%cgﬁ "nfnaddy SEqhl 4t é@a\éga'\?,&esoéfpgc@?%\é\%ﬁeg@w@rcont rol
val ve 80, iSdnbgephy wnaridittersdususfid tedphigii@xXforbiibbler @5AYr EPropeitiBE of the
regenerative turbi n‘%ﬁgsgjgg 60 while operating at its current speed setpoint,

then the diPSEREAJRE a8 qp@rmo{sgqonvgp@rétygg‘»cj@iqﬁe@r@g@r@w% éswelt AR

di schar ge e sEdSRUNMErndf-buBBRANE bebrtifcdd18nd e MBinddt SGhAIoELIRRESSUT €
setpoint is equal to the nmaxi num ﬁ(g_im ble at the current regenerative

t ur bi ne puifyestion puill gguide pBienselechienh afhthe @perqnsiates dnleh dw@be dgtsiction | s

i ncreased. aLERGAAUIHI Be udddtin EBXjLRLBrAREFA Bhﬁicdia%ga_r&ﬁorpr essure set poi nt
is increased. Once the regenerative turbine punp 60 1 npeller 63 speed

set poi nt is i ncbeatuing wifhiklGedathaupwaped dindidHaedja qontairing éhe praddse® and
DLt on : ! ; . A of
regul ati onpjphias GRUERLS SRR thY |hI@Prb%gﬁfgg-getléﬁﬁ%rﬂ:aéﬁgﬂv\g;@e#ﬁ;ﬁgfEF\%@%@O' nt o

the discharge pressure control valv h char ge
pressure sé&gaoerativaridrbinepumgdfer Bekty éa prosesse Watarcodtrinipg gk eatraioedt can

be man pul glg6lol NARBEDYRN e Al QUBBR 03K SHbaNAPRY' 71 Afked dpech eve

and sustain a pa ul ar di scharge pressure se equired to
col | apse t regegerativat tubibebplirep, 6@hi Mbeaturbine pume deésign wethy ipogpt lirdet,

br ool se t1 WEehUtaR. PRy HharErialfin, 3 BRRERTE P8R el BehgRB, piev "°
regener at i internal tlearanpespndlfles treetegeneratiee ﬁghig?omfg?e ir?téi]gl:]ade?ggwegpbﬁleby t he

bubbl e generation aratus 30, . enabl i desi red
col | apse of" %hﬁ@qa@g iCh g1 RHTREY Waéﬁ “f'tgg’l th?é’&%?)aséﬂg,s ?W“@k&ﬁ%ﬁ%ﬁnq hei r
ei genf r equérechetsbles from adigaing, to arfbiniing e thetihtefdbsuffacdshef ermash bi qui d
medi a now passes by the discharge pressyre 113 and tenperature sensors 114,
as wel | asa’gﬁgﬁ %’Fr?i’f“&?gt%{p?’f?r%Orgq'”'ggﬁgﬁ'g_énﬂ%%ﬁo‘é{ﬁe installed to measure the
conposi tion or Réfeelirg abwoto FIG. [BINREbbbiBE AndeslirApdd) lihhia AicaRNPEES Pi pe
75. The di ﬁghar ge pressure and tenperature sensors 113, 114 may i ncl ude
sensor ele YT thespump 1inigt S+ which Reisrably 1195, @ SRty ridraightweded bsre 13c,
114c. Fi nalith mihital RUERGS i infiithal diameter across the pumped media flow path and

which preferably intersects the casing tangentially, so that turbulence within the

pump inlet, and consequently disruption to bubble size and location in the flow

path, is minimized. The pumped media then passes into the casing 62 of the



18 nedia flows through the discharge pressure control valve 80 and out of
t he apparatus. The di scharge pressure control valve 80 is configured for
regul ati owoab1zpdoged | i quid nedia pressure upstream of wPrhg/useialssge
pressure control valve 80, that is, pregsure regul ati on occurs in the

di scharge pipe 75 between the regenerati've turbine punp 60 and the

di scharge pressure control valve 80. The inlet pressure control valve 24
regul at es paggnaralive; tysbipe pumpr @& swvhese HRNRYPRS igHid; H’@dianl'%tforﬁ?‘gs Yire

control vala@tgfnedtwithih SheBlickdtd 84RDASH bE ihPelfd! diaRs 85 thidird #rRep@hsd
bubbl es required by a particular application 1s set and regul ated by

conbi ned meagisipgisagNHaoEPAGe: tai fiehdlt ge hplicat Patvayo b+ of Ni§ 4GFErsses ghessur e
setpoi nt 105404 GENRRHeVSurhy Rbdier BY Mofch fRESMSEANY B2, $A9: A
recei ving %‘s e If_gp@d@\ﬁnst rré@mep@"orﬁgsrgé co_Fmect ioo% ?% pr o‘\§/i d@gg after the

di schar ge pumpsdr éguibmedia retategeat®ot the axis of the digatiestlof floi eAUMNg anand gas
handling s t t ot At t ' ' pass or
ot her unl odl%zr%ﬁ%gr\a;%@l? né(;'t(:a t(gﬁg@l%?‘ gﬁéﬁgg%éﬁgfraersgf @t%yﬁ%\e’maté@sb%rk{gﬁtﬁnga? %r es as
requi red byadhkesiondo uhe pompt tesingds 62 dnteanal apfddesaandrestrahiict it dmal dinglei nl et
and di schar, I SQl at i (not shown) and check val ves (not shown) shoul d be
i nstalled \Aﬁ@?&erg)é'%%t%d to prevent inproper flow and to provide for

appar at us i sol afThemptatiesali spged redtamtvofdbe pump impdRef 68y detgrrsined! [dutiog FI G 1,
t he control] e{. ' i on an ontrol

00 provide ot h operation_condition.detect

servi ces f APPSR SFRIS: 693 ﬂlt')?{1 P?%éoelqﬂ?rétya@ag‘?%ﬁ?‘é)%ﬁwg?te oﬁﬁrFSF'r%(gE em the
controller tﬂ?lcbog&alwrmms (ﬁ@dFIG.am)Sﬂiﬁlti@ bppaﬂagfs/a?é@bbm I%rﬂgw_mmaftdhéve 126
notor controller start top.a t her varjable fr nc riv unction
Conmmnd. aTiHeS ob s ies DYEReLD Ba 4 aotdss: e du iR bt chtuid sppdy
frequency drategeslA@ riumbeeBNRE efltrhine@BUbIBIES Hal PasPOMBUgH BE pul® inlegener ati ve
turbi ne punp 60 notor, controlling the tor's rotational sgeed aung‘6
consequent IRET SREORGUM éﬁd'F'%etH@r%\g?R/ép? B‘?tH@'”baﬁé%rWE Y P&t ed by
the notor spRefisdarid PlesBiireCdetsditte dre tesel vaRibsi thantdlie thepurpelianedi®0. I n
addition to regenerative turbine pu 60 motor control, the controller 100

P ]
oper at es t Hlewniatertozkey sughdhat, e, Supblestare sgaved Singpiarynidtadicy impelier

di scharge \alN&s Rid, Hhineiging 38r08lindRating?he MgideRse iofliRbelRir GREXES, 64 that
regul ated by the inlet preSsure control valve 24, and the discharge

pressure, &oniadymuiril buhblemer diose ikiFiga apeeasionr EingBntthe puing iepeder 63he
Val ues. r el uag  SBe Rt B EERS B B SuR e A N AR 7
40, 70, 1%uting operation thed thel bubkiesiindiyishially Ealraiged i theipwmpeddinuidededia t he
system s OQI%Cv?tainmcoEl‘ﬁaiﬁg@Wi{hﬁwdir%Yvicﬂ;a‘P%bElfelﬂlﬁfck@gpécjl,cg\lei &ﬂlapsed as the
surrounding pumped liquid flows from the pump inlet 61 to the pump discharge 68
at cut-water 69 and the pressure within the bubble containing impeller buckets 64
increases from the pump inlet 61 pressure to the final regulated pump discharge
68 pressure. In this way the initial and final bubble sizes, rate of bubble collapse,
and final collapsed bubble core temperature and pressure, and consequently the
resulting changes in the pumped liquid media and bubble content properties,
composition or reactivity, are 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 performance of a particular application.



The controller logic 101 stored and executed by the controller logic PLC
140 provides the controller 100 and the apparatus operational sequence and
ot her furwOi20re4050he controller logic 101 can be change#Caaise@qosasesl t o

i nclude functions specific to a particular apparatus configuration. FIG 1
shows an exenplary set of detectors an#controlling devices for

i npl enmenting the operational nethods expl ai ned herein. Qther configurations
of the appar at usnaxemplessfidregeneratieg tittiiee pempifpmesetin thikepresentrapparadus

controllers pot_shown,. O ot in f th ystens
or conponefi &€ %%9688@8?4%3& e gﬁg@%ﬁfggﬁﬁﬁg?ieaﬁy %gnvﬁﬁrﬁp%ﬁ\aﬁhggégs to

t he appar atdknd,t NEndi©nt rRbthereder@irativi0 turbineh ahemizab gdatymipagpisngrovids i on
pertaining to the install ed apparatus and controller 100 device

i denti fi catPRNUOLpHigh RERSSHIG WP'E%R? P8 L%laatﬂr}xgsﬁncﬁ?%r{%l\beul{qub%. Thest be

al tered sugdyenerdtive YibiRdpieps BRe provlied Withoomd piexé emnachined spifibentedng devi ce
for storage, required nodificatiqQn an | oad back to

[ . d subsequent dgwn
control | er IMeRJiees for @peration Ayites H\é@%l\/?{le%QE&P%P@afSn\g'ﬁLRE%ES% CaA5HUR 18 us
confi gurat tago $PeR7rhg, G@D"E)éiqlﬁlb ®ar)| PDHCatldbboapm, MPSH aoed kocak 0.9 the
controller 100 or in an external conputer or device, to be uploaded or
execut ed a#o #&qni)ra Byperturesie ABPIFeR3R dgi Ansthrer £Xampleefi & fe9RBFRYVE i t may
be necessa hﬂi'@ ' ' rflolFegRRBRtioh Tartind a
particul ar Iil?’;lﬂﬁig;lgipglati oﬁugé@gﬁﬁﬁ?ﬁﬁ@g@?‘%g% sugh asg%t he lor de; lof sensor
or det ect oPusiramagde ibyDynafiewdrngineesng siidsissex. NewiJerseyt i Anethenfxamfliori t hns
for setpoi { A L ; fed i td id Rfeer from
operati onalla} fagﬁ%efnsefﬂfélggﬁfblﬁéﬂr@?&rgpg% %ﬁ‘eg}é E{:%%?gidt?Féra?%@éid execut ed
on the contMIidA008P3T6 giaderyGVarendexsL TP MVaasiidale] llligpist ogi ¢ 101, an uni que
version of appl hgakl l,agl I ' h |l er or
on an external gé@ér{ce rd Bg’l{)]%ﬁr%égﬁtﬁgtﬁerl@éﬁé:%g@gcﬂﬁatée%ﬁf{)]goggdgléi ??)ttgén)
ext ernal deumped diquidongxdia eontaining partially erridtatly eollapaded dubblek passeastaut of

troll | ogi c PLC. 140, | . i i
ressur e sdipaiTe Fintcds i HeCBirpaiahaRE B4, e Aifle Uharielhs
pressure, pesfpabit hae aaschobtih Etaight-eatied ibese vetid mpnimal robapge dpdrtermabt poi nt

109 data, are provided, as indivyidual val ues, indepe t t

val ues or $EMfder aHges 1 PHP58¥iW% ﬂﬁg’e%aetﬁoangagléﬁlpggg&\;’&{) &é%@%éﬁ@ga ue
ranges, mayadifg drgeatiallyi 66 that tabalesss iglminindizednt rol | er 1 ogi ¢ PLC 140 and
can be upl oaded_and downl oa to.,an external .devige or conputer. .Iln each
case, 20 wher eCRYWING W gf(gm"cc;s% @{“&%ﬂﬁﬂwgoweﬁ@cmﬁe& rpugn e

COSF ][ ol l er obg’&i;j& cﬁ!lr:&ia buBble0 deRcti®lidpparhtus amhw?(i)d?h&?yupicmgigi sgnsor ¥
nodi fyi ng an ownl oadi ng .exi sting setpoint_data . , cqontroller
| ogi ¢ 101 Gfenéﬁmlm?‘attf%ﬁg'l'%i Z°'ac?%dpm&aéﬂm e, A§ tw'ﬁhs'”g?%s%e Betlogy glf‘% to
access and cgRibileY 100icani MéMioFbh&ilo oPproperiRs Tf Bhe plidpbdensdiain oideer 100
directly using an external device or conputer. In addition, an operator

control ~ patereERvineshevaerechsresd srtRINGIRP ebthel leeanerai(RalureiBRiBIP 8¢ t he
appar at us, a%@h@koﬁéﬁt%\‘eé&hré@%@@h@1G@Bﬁdi§87arge19?essﬂu%9@qrﬁi%ﬂuaﬂ{/e gBnipul ation
of or interaction wth controller logic 101 or application |ogic 106, or
manual conapplicaions whera tafal ealipRss PERIPAYEEE bipbIRg it seqtiredcdelpCtiguand as the
pressure c : r [ i

The externg(fbtﬁrs%ﬁ?)(%té?h%ﬁl%rpg% %@sglgggr?%%?&c@ﬁaéﬁﬁ#§Eﬁghrﬂﬁ%ﬁéﬁ?%o Il%r 100

i nterface mednstsarardisthatged temdhe ceggnerative tdrbire pumpdidsean betused dat a and
program co . W £ h I al

devi ce, angeeqa?)%u?%gg O?Bré%tgﬁfa etél]%g@" ngé:{% EIF%%I@?/ Wg}ﬁ gc %%?SS%SE%?QQW oad
of reduct i satpoiis.cinifiéstapplications ili$ expdctey thatlthe ratedfdeibplei qotlapsst withi®7, 108,

109. Where the apparatus,is par f a. er t . t L | ogi c
101 can in&l?ﬁ be(ﬂeﬁg'@t%?g?)@'@ﬁ‘ﬁ@éé@t""@i"ﬁ%% evgi)&fer% 'gﬁl"gﬁrp@p rﬁ'g%i#oag %ti onal
par anet er yedssase $08Isetpaintast contollek by theategeystaéive turbimputuerp 60 irdesliece. | n

t hese case t external |ink P 118 can, be confiqured, and_pr a dto
mar shal th?@ee%e@rﬁedcﬁmﬁgtﬁﬁ?b%y %%Ls%?rlg&prﬁﬁl&geq.?n{rﬁgva@?%d devi ce
or conput eincpebetthe control ler | ogic PLC 140. Note that FIG 1
depicts discrete PLCs in the controller 100, such as one for external link
118 and one for controller logic 140, as well as others such-as inlet
pressure control PLC 130, discharge pressure control PLC 102 and punp notor
speed control PLC 104. These functions could be conbined in a single PLC, a
personal conputer (PC) such as PC 119 or other simlar device. In addition,
while the external link PLC 118 and controller logic PLC 140, as well as
the other PLC s 130, 102, 104 and PID s including inlet pressure control

PI D 135, discharge pressure control PID 103 and punp notor speed control
PID 105, are shown in FIG 1 to be incorporated into a single controller,

Y o r o, - o o, o o, o



21 on the controller logic PLC 140, it is possible that the controller

| ogic 101 could reside in and execute on a different PLC, PC or other
simlar d&0i20e2/mb@a t he one that stores and runs appli caCirars201095232406, and
these separate PLC or alternate devices_could also reside in separate
controllers. Simlar variation in corrpaﬁent function distribution, grouping
or placenent is possible with the other sensortransmtter-indicator devices
such as 40, 70, Ohte, bulddle gdrirationg,is 1unterway, thel Opiigual digegharge4bubiie PI D

135, 103, ont.raqll .
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functions is di s&h%se_d, a PC, PLC or Irg_tsger fun@ti onal H/j eﬁui val ent devi ce
coul d be s@5&PTPied PGt 193rL WA vayss cFirslehergqile  GUSIeRE BiSCranog yessre

functions pefdomtnBsd rdanidte byl @5 Bisbiest g6 Prigsatd esntdP0aleeBOOREABES tHay the
performed by another device along with other unrel at g_d functi gns.
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group by a discréete iIndividual PL PC or other simlar device. This

permts’ di $dridusediasgrepspihedischares BFSSURESHYYr AAFPNG. Whare tha IRy t he
addi tion, canhbhgdr gf‘ég%’ﬁ'fc?ﬁggiﬂt ¥ deBIPYRkP TmBLREHS hEEB0I  at SRS YA

conponents requiTe _ addi tion, chan%g, reproqramﬂ ng or deletion of
t hose cor r ¢éeganesativg tertbinecpirsp $0 speed setraind] then themprlice 68Ispeed spivakTbl e f or

the state i f c%r{rw t.
Controller %@gﬁasgﬁ'c@fﬂggﬁe@%@é 'ﬁ%@n%rﬁé %@%e@yﬁﬁ?%sﬁgﬁﬂraen ap’?)]tﬁlgcat ion
| ogi ¢ 106 [imareasmach | @uce thet iegaserakive tutbine rumihe0 dpeelker i63rsfeed saplipnintds of t he
appar at us te . reviousl. ri nd_r : nal
comput er - onOpEESE G AP ESE Sl eSS AR sk B JE N

i nterrupti aesorapithed ebyatinaeading dharisahargen lpressde aetpei exft thegdinenaged by

t he subsystem contrqllers P 3Q.. PLC 102 and PLC 104 PLC 140 al so be
22" used | oPTRSHE PR ARt 17 i g0, BParROtasak Broshis Sepeblant e st i on
and r equestrégdrerativei tarbing pumptéospdedasetpoiht eah be onarifdated isyedepdently,
controllers and for relaying setpoint and subsystem status information
bot ween  helQHPar ARRCIC A SRRIBAROM ARBF VP AIth SIS HIcA, RIS SSFIRTES f or
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regenerative turbine pump 60 inlet to the number of bubbles output by the bubble
generation apparatus 30, enabling the aforementioned desired collapse of bubbles
singularly in an isolated way at, for example, their eigenfrequencies.

Again, continuing with FIG. 1, the pumped liquid media now passes by the
discharge pressure 113 and temperature sensors 114, as well as any other
detectors or sensors that are installed to measure the composition or condition of
the pumped liquid media in the discharge pipe 75. The discharge pressure and
temperature sensors 113, 114 may include sensor elements 113a, 114a,

transmitters 113b, 114b and indicators 113¢c, 114c. Finally, the pumped liquid



The inlet pressure control PLC 130 receives fromcontroller |ogic PLC 140,
initially and periodically as required, inlet pressure setpoint 107 data,
as val ueswovalzmosoanges or as an al gorithmused to cal cRCRUS2@19618p0I Nt

val ue or val ue range using punp inlet pkpe 22 sensor 40, 111, 112 data. The
inlet pressure setpoint 107 data val ues specify, for a particular
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This processing contjnues until interrupted by controller |ogic PLC 140,

whi ch can fAPPaRtyiRelaliptesiingsandserde®-poi nt~ 107 data or direct inl et
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stop proceSS|n? I'n addition, the controller 100 can provi anel nounted
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pressure i Eght?@rt 9¥Srt§+ thﬂéc oHtr‘%ﬁl?r; 1t09 Er&htyse ahadtrgﬁénﬁ%ﬂ) Atﬂ]-teiz%ﬁat}le]at

enabl e manual e in ssure set poln nl et  pressure
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and as & sELSET SRRl and3he L nBlar 8L SaoRE oS Skl PR I LTS ng
by inlet pfregsency drivet 426 iPldonhatied to and p@widesapower &r fheesegeneraded poi nt

107 is cal i,s transmt
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rocess va e.and setpoint pres I t hen cal cul ates an
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of the not turbinedbunmd S0 matorecqwtrbptthe&@ntraneamcnﬁopemsreale taRkdtinet i nl et

pressure c he i nl et ressure setpoint 107. If the

ot or | zed_ VAV PIbRaUaHT 2 Snd GTHtotkst SRCHRESS alE UBY TRRLIFIon 82, 0RAInG

control | erthel mtatprésswe U réqumted | byPihe k% préddurd Icansen valve Rangrd tenal og or
digital si |ﬁ€l@repr esenting the inlet pressure setpoint 107 to the

not ori zed rgﬁ|pF"cﬁsu(Pala\§ge§“|€t?Htttydr‘?éjr'SChmecﬂ’fqur? cPhtrelyafvect-clitat e t he
required pgorolléal106 21861 thbMitork Careelcah e chral Qépé}éﬁﬁsé'tﬁt%yﬁém rpetarﬁétbve 24 t0

the inlet pressure setpoint 107 Al ternately, controller 8
140 can di Yaldes recgived diomythepump letipine 2and dischargegine 1 sensoetfded by
an external conputer or device or operator - inlet pressure control PLC 130

to use the analog or digital signal fromthe inlet bubble detection
apparatus 40 as the inlet pressure control PID 135 process variable. Two
sequenti al operational nodes are enployed to inplenent this control
technique. First, inlet pressure control PLC 130, using the aforenentioned
inlet pressure setpoint 107 handling techniques and in conjunction with
inlet pressure control PID 135, sets the inlet pressure so that the bubble
generation apparatus 30



24 is operating within application specifications for bubble nunber and
size. Second, the interpolated analog or digital signal fromthe inlet

bubbl e dewecbvizmozsmppar at us 40 correspondi ng to the opti malr/usaibios2s2s
properties is captured and used as the controlling setpoint in place of the
inlet pressure setpoint 107. This capt@®ed setpoint signal is continuously
transmtted together with the signal fromthe inlet bubble detection

appar at us 49q, 1My, 9A3] M4 Bhd rerareldiss sstpsintsrelalied forthe aysteny opdrhtion a® i nl et
pressure control PID 135. PID 135 subsequently varies the position signal

or pressur eareddyia paTieyIak RPIE}I e ot ori zed inlet val ve pilot regul ator
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recei ves di scharge pressure setpoint 108 data frogll?::ro troller |logic PLC

140, i ni ti gonijoligidogieritdasarmbe yetored degally in dhe ,epirolisr D PN EXBIM3b c 130,
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anal og or dL§ 140. Addjtienallyf it mayenegrssa {9eh3Igshe SPaRLARA Fequrs Y-

di schar ge el . IcRNBeN&)isM06SCREeN ablhe and
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parameters such as pressure, temperature and bubble properties, and pump
motor speed setpoint 109 data, are provided as individual values, independent or
dependant values or value ranges or algorithms used to calculate values or value
ranges, may be stored with or accessible to controller logic PLC 140 and can be

uploaded and downloaded to an external device or computer. In each case,
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Controller logic PLC 140, using the stored subsystem configuration data,
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70 signal . Controller logic PLC 140 executes the controller logic 101 and application
logic 106 program instructions that direct the operational sequence of the
apparatus subsystems, as previously described, and responds to external
computer or operator requests. PLC 140 also handles operational sequence
interruptions and operational parameter value data requests generated by the
subsystem controllers PLC 130, PLC 102 and PLC 104. PLC 140 may aiso be
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apparatus 30, as specified by a particular application, may vary due to pump inlet
pipe 22 or discharge pipe 75 turbulence, pumped media flow rate or temperature
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property of the bubbles or pumped media. As these changes occur, the properties
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“eg‘."‘t e de{‘v% n;enq%teinggl ic>;S)err£\"fellg§éll im%d%g Bre employed to implement this control
technique. First, inlet pressure control PLC 130, using the aforementioned inlet
pressure setpoint 107 handling techniques and in conjunction with inlet pressure

control PID 135, sets the inlet pressure so that the bubble generation apparatus 30



31 1060 another determ nation is made as to whether to initiate manual
control node. If a negative determ nation is nmade, yet another

det er m nawpan1z/@oimade as to whether to initiate externalPCtarstoinloszsegie i n
step 1070. If external control node is not executed, a control node error
Is transmtted ("thrown") in step 1080 %nd t he processing reverts to step
1030 in which error stats are displayed and the status is transmtted.
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determ nati on tﬂpfoﬂﬁggg@? gcgﬂﬁ&klﬂb ,Ht?re is a change in operational node

in step 1200 ermnation is made in step 1200, a
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I s not per fadjustthentd Sbeseqli2ifly, ia adﬁllcmtmnm&\hecmrep@atmid@' continuous change
in or adjustment of the inlet pressure setpoint 107 does not occur during normal
operation, the inlet pressure control PID 135 can be omitted or replaced with a
proportional-integral controller (PI) or other similar, simpler, proportional controller.
It is understood, however, that in many applications, fine control of inlet pressure
setpoint 107 variations will be required to sustain optimal apparatus operational
parameter values.

Once bubbles are generated, they pass through the regenerative turbine
pump 60 and are collapsed. Discharge pressure control PLC 102 and pump motor
speed control PLC 104 both contribute to the process of pump discharge 68 and
discharge pipe 75 pressure control. Discharge pressure control PLC 102 receives
discharge pressure setpoint 108 data from controller logic PLC 140, initially and
periodically, similar to inlet pressure control PLC 130, 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



32 as to whether to request subsystemdata in step 1220. If a positive
determ nation is nade, the subsystem data request is processed in step
1230, anawohelzopesvat i on of the system continues in stepPCZAB01a06282%e
processing reverts to step 1150. O herwyise, the operation of the system
continues in step 1240, and the processing reverts to step 1150. FI G

7 is a flowhart shovmn roc reductio
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step 1530. Next, in step 1540, a determination is made as to whether the
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accomplished by inlet pressure control PLC 130 and PID 135, 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 140 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, pressure indicator 111c, temperature indicator 112c, bubble
indicators 40c and 70c, pump speed indicator 115, speed indicator 218, speed
indicator 450, discharge pressure indicator 113c, discharge temperature indicator
114c and valve 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



the process reverts to step 1500. Qtherw se, the punp speed setpoint is
I ncreased in step 1550, and the process reverts to step 1500. I t
wi |l be uwoderstm@oesdeét hat t he enbodi ments descri bed herei RCIIUS20me084898
exenplary and that a person skilled in_the art nay nake nmany variati ons and
nodi fications without departing fromt®2 spirit and scope of the invention.
Al'l such variations and nodifications are intended to be included within
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at is claine

the syst enPSB?erlt‘? s‘?r @reaoterbﬁﬁ%r% gtrr%]:a%é'f;ﬁl? ?C{S%éeg%erpg?gug&b% rgtsqiforslbgtbbl =
fluid; 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.

To accomplish this, the controller 100 permits direct interaction between
discharge pressure control PLC 102 and pump motor speed control PLC 104 and
relays inlet bubble detection apparatus 40 interpolated data that provides the
number of bubbles generated per minute (or other time interval) from inlet
pressure control PLC 130, via the controller logic PLC 140, to pump motor speed
control PLC 104.

Controller logic PLC 140, in addition to and in support of controller logic
101, also stores and distributes to the controller's subsystems PLC 130, 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
130, 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 140
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 impelier.

Controller logic PLC 140, using the stored subsystem configuration data,
controller logic 101, application logic 106, and setpoint data 107, 108, 109,

retrieves or calculates and then transmits at operation startup an initial discharge
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the motorized discharge valve pilot regulator 82. If the bubble collapse rate is
insufficient, or the final bubble size is greater than the application specification, or
bubbles are to be totally collapsed and yet are still seen by the discharge bubble
detection apparatus 70, then the discharge pressure setpoint 108 is increased.
The newly calculated higher discharge pressure setpoint 108 is transmitted directly
from discharge pressure control PLC 102 to pump motor speed control PLC 104.
PLC 104 evaluates the current discharge pressure setpoint 108, and using the
stored regenerative turbine pump performance data, in 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 to 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
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t he bubbl e vaga8E atequency drive 126 to the bubble properties signal transmitted from the
discharge bubble detection apparatus 70. 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 70 signal.

Once the minimum discharge pressure setpoint 108 for a bubble collapse
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 140,
which in turn retrieves the current inlet bubble detection apparatus 40 bubble
property values from inlet pressure control PLC 130. 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 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 140 using controller 100 and residing
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calculate them, as well as the useful subsystem process variable identities, are
known and are input as controller application logic 106 and setpoint data 107, 108,
109 intended and expected to achieve a particular operational result.

In another mode, where the controller 100 is used as a tool to determine the
optimal operational parameter values and the identities of those process variables
required to produce a particular functional result. In this experimental or
application development operational mode, the setpoint data 107, 108, 109
submitted represent test value ranges, or are algorithms used to calculate test
value ranges, and include target performance specifications for bubble production
and collapse. In this mode, the application 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,
application logic 106 stores those operational setpoints that provide useful results,
either a good fit or a poor match to the target performance.

The controller 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
140, through external interface PLC 118. Once testing is complete, result data
can be read by or uploaded to aﬁ 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. In this way, an application



adj usting operation of the regenerative turbine punp based upon nonitoring
of the paraneter. 14. The nethod of C aim 13, wherein the bubbles are

col | apsedwbnoivmsosdual bucket chanbers of the regener aPCrastuniosases punp.
15. The method of C aim 14, wherein the _bubbles are entrained in a helical
flowin the chanbers of the punp. 16.3%he nethod of O aim 15, further
conprising the step of nonitoring pressure or flow rate of the stream of
bubbl es usipagtoas! destsibingntheseperatiorshcontiions randoplosess vagabiensaleden®dn wi t h
the at | easrr%os?“l%el? %‘ SPord'uce a desired result with the apparatus can be developed using
the apparatus and controller 100 as reporting those setpoint combinations yielding
desirable or best fit operational characteristics using controller residing result
evaluation algorithms.

The controller 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. The controller 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 automatically recalculates and varies the operational setpoints using the
originally input setpoint values or value ranges and value modification algorithms
residing in the controller. The controller 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 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.

Copending U.S. Patent Application Serial No. , tlitled
“Chemical Reactor System and Method using Regenerative Turbine Pump to
Produce Fuel Gas,” discloses a particular application and is filed
contemporaneously herewith. The disclosure of this application is expressly
incorporated herein by reference.

FIG. 6 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
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process paraneter associated with operation of _the bubble generator; and
whether to initiate external control mode in step 1070. [f 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, 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
or manual control mode operation command is processed in step 1180, and then,
in step 1190, a determination is made as to whether to initiate new setpoint data.
If a positive determination is made, the processing reverts to step 1050. If not, the
processing reverts to step 1150.

If operational command is not initiated in step 1170, a determination is
made as to whether there is a change in operational mode in step 1200. If a
positive determination is made in step 1200, a determination is then made as to
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
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f tl@sy@tem 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. 7 is a flowchart showing processing steps of the 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. 8 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.

FIG. 9 is a flowchart showing processing steps of the bubble collapse logic.
Beginning in step 1500, a determination is made as to whether any setpoints are
out of range. If a positive determination is made, a bubble collapse setpoint error
is thrown in step 1510 and the processing reverts to step 1320. Otherwise, a
determination is made as to whether the bubble collapse is acceptable in step
1520. If a positive determination is'made, the processing reverts to step 1320. If
the bubble collapse is not acceptable, the discharge pressure setpoint is adjusted
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,
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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. A system for the formation and collapse of bubbles, the system comprising:

a bubble generator for generating bubbles in a fluid;

a regenerative turbine pump for receiving the fluid and the bubbles;

at least one sensor sensing at least one process parameter associated with
operation of the regenerative turbine pump; and

a controller in communication with the at least one sensor, the controller
receiving the at least one process parameter, processing the at least one process
parameter, and adjusting operation of the regenerative turbine pump based upon
processing of the at least one process parameter.
2. The system of Claim 1, wherein the regenerative turbine pump includes an
impeller blade defining a plurality of buckets.
3. The system of Claim 2, wherein the buckets are sized to receive and move
a singular bubble.
4, The system of Claim 3, wherein the process parameter comprises at least
one of the rotational speed of the buckets, discharge pressure, and temperature.
5. The system of Claim 4, further comprising a bubble detection apparatus
attached to the pump, the bubble detection apparatus sized to detect the number
and size of the bubbles.

6. The system of Claim 5, wherein the bubble generator comprises a venturi.
7. The system of Claim 5, wherein the bubble generator comprises an
eductor.

8. The system of Claim 5, wherein the bubble generator comprises an injector

for injecting the bubbles into the fluid.

9. The system of Claim 4, wherein the controller transmits a speed setpoint
signal to the pump and the controller calculates the speed, pressure, or flow rate
of the pump.

10. The system of Claim 9, wherein the system operates in a closed loop
configuration.

11.  The system of Claim 10, wherein the at least one sensor senses at least

one process parameter associated with operation of the bubble generator.
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12. The system of Claim 11, wherein the controller is in communication with
the at least one sensor, the controller receiving the at least one process
parameter, processing the at least one process parameter, and adjusting
operation of the bubble generator based upon processing of the at least one
process parameter.
13. A method for the formation and collapse of bubbles, the method comprising
the steps of:

producing a stream of bubbles from a liquid,

delivering the stream of bubbles to a regenerative turbine pump having an
impeller defining a plurality of buckets;

collapsing the bubbles; and

monitoring a process parameter associated with the bubbles using a
controller and at least one sensor; and

adjusting operation of the regenerative turbine pump based upon
monitoring of the parameter.
14. The method of Claim 13, wherein the bubbles are collapsed in individual
bucket chambers of the regenerative turbine pump.
15. The method of Claim 14, wherein the bubbles are entrained in a helical flow
in the chambers of the pump.
16. The method of Claim 15, further comprising the step of monitoring pressure
or flow rate of the stream of bubbles using at least one sensor and the controller in
communication with the at least one sensor.
17.  The method of Claim 16, further comprising the step of determining whether
the pressure or the flow rate is within an acceptable range using the controller.
18. The method of Claim 17, further comprising the step of adjusting operation
of the regenerative turbine pump in response to monitoring of the pressure or the
flow rate.
19. A system for the formation and collapse of bubbles, the system comprising:

a bubble generator for generating bubbles in a fluid;

a regenerative turbine pump for receiving the fluid and the bubbles;

at least one sensor sensing at least one process parameter associated with
operation of the bubble generator; and
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a controller in communication with the at least one sensor, the controller
receiving the at least one process parameter, processing the at least one process
parameter, and adjusting operation of the bubble generator based upon
processing of the at least one process parameter.

20. The system of Claim 19, wherein the regenerative turbine pump includes an
impeller blade defining a plurality of buckets.

21.  The system of Claim 20, wherein the buckets are sized to receive and move
a singular bubble.

22. The system of Claim 21, wherein the bubble generator comprises a venturi.
23. The system of Claim 21, wherein the bubble generator comprises an
eductor.

24. The system of Claim 21, wherein the bubble generator comprises an
injector for injecting the bubbles into the fluid.



