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provi des net hods and apparatus for the delivery of

i quids under conditions that require highly accurate

control of pressure or flow rate. In particular, the

present invention provides nethods and apparatus for

the delivery of high purity chemcals or slurries to

one or nore points of use in a sem conductor

manuf acturing process, wherein the flowrate of the

chemical or slurry is provided at a constant flow
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I NVENTI ON [0002] It is Fo;gr.tm(j\.ﬂRg}sirable to precisely
| f

control the anmount of vided to an end
point of a liquid dispensing system Further, it is
i mportant that the anount of |iquid provided is as
constant as possiFdEéQ@FaWEdNéﬁﬂWr@ that can have
del eterious effects. This is particularly true for
sem conduct or manufacturing processes where the
[0001] Thepmaant@pplicaiea ppevded eoetbads @anebapyaratdsetir thhaelivery of
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rate. in panticudpedbalprésent iandnidn proatieby neethods and apedrdtus for the
. FlL.ow control is.also ipportant. For certain .
delivery of BIGBLY Qurrficls SeslRin i bhe §roeicballts of useing
semicongiuttan manufdctiifng ipfposdsa REhdreinmbe Mdw Ratahef %bodﬁdrgicgl or
suspende :

. at _a velqcit ecessary.to keep particles
sturry is BoYiHgd gt & F9SHRRE Bowdels 8 The bontsetMsaur i 1y
chem cal applications, naintaining consistent flow

rate is inportant to assure optinumfiltration.

Changes in fl oRAGHCSRAUHANE & AHENVENSIGNessure in

the distribution system such as by frictional
_losses (e.g. headloss) in piping or filtration
[0002] Wt isaften dageable[toqpstisely tentrdldhefaneunies] lphid @rovded to an

onc porf 818 561 YA PP 1 BRI bl e hfount o
liquid providpdris asgonstarines possibkr to avoid spiking that can have
deleterious effects. This is particularly true for semiconductor manufacturing
processes where the amount of liquid provided can greatly affect the process,
such as layer formation, etching, cleaning, etc. Variations in pressure can lead to
non-repeatability and ullimately a loss in yield. Flow control is also important. For
certain processes, such as semiconductor processes requiring slurries, it is
important to maintain the flow rate at a velocity necessary o keep particles
suspended in the slurry. Alternatively, for high purity chemical appiications,
maintaining consistent flow rate is important to assure optimum filtration.
Changes in fiow rate can also affect the pressure in the distribution system, such
as by frictional losses {e.g. headloss) in piping or filiration cartridges.

[0003] Itis therefore desirable io provide a precise, controliable, constant flow rate
of liquid to the points of use or end point of the dispensing system. However, this
can be difficult to achieve for a number of reasons, including, variations in
demand, pressure changes in the distribution system during operation, pressure




‘can be difficult to achieve for a nunber of reasons,
i ncluding, variations in demand, pressure changes in
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filter clogging, punp cycle effects, and others. To

nore fully explain the proflens that nust be

overcome, FIG | is providei to illustrate a basic

l'iquid di spensing systemas known in the prior art.

[0004] FIG 1 shows a basic system 100, including a

liquid dispense tank 10, a punp 20, and a point of

use 30. In the system 100, the punp delivers liquid
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basic ligtlid dTJtﬁer%&) v&teriTBY KABWA I theasihrh t ype of punp,
such as a positive displacenment punp or an inpeller

punp. However, nore recently, centrifugal punps have
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transients that _significantly reduce the output
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. system Fur centrifugal punps deman
of centrlarﬂﬁhﬂurﬁps@aé@tha%acm fahds@ave linitati ons on
di scharge pressure. Reachi ng hi gher pressures
requires nore electrical power and centrifugal punps
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demand%g 3-!%&9 r%{/é &% g%ari)dgséeg% tgzg?upst}/Stselw thg%}istribution
system, e.qg. chargmg an empty filter housmg, can cause flow transients that
significantly reduce the output pressure of the centrifugal pump and therefore
significantly effect the pressure in the distribution system. Further, centrifugat
pumps demand a high amount of electrical power and have limitations on
discharge pressure. Reaching higher pressures requires more electrical power
and centrifugal pumps running at the high RPMs needed for high pressure
operation, can introduce heat into the system that may negatively impact some

processes.

[0006] Vvhile only one point of use 30, is shown in FIG. 1, it will be recognized by
those skilled in the art, that multiple points of use could be provided with liquid
from the same dispensing system 100. However, as will also be recognized,
additional points of use add to the complexity of the system and make it harder to
maintain system pressure and flow rate. As will be noted in FIG. 1, excess liquid
is provided through the distribution system 100, to help stabilize the flow rate and
pressure at the point of use 30. In particular, liguid is delivered out of the tank 10,



[ 0006] While only one point of use 30, is shown in
FIG 1, it will be recognized by those skilled in
the art, that multiple points of use could be
provided with liquid fromthe sane di spensing system
100. However, as will also be recognized, additiona
points of use add to the cogiplexity of the system and
make it harder to nmaintain systempressure and flow
rate. As will be noted in FIG 1, excess liquid is
provi ded through the distribution system 100, to help
~stabilize the flowrate and pressure at the point of

use 30. In particular, liquid is delivered out of the
flows throagh e, systerml Hie is Iproviged im s jaguRtamouns (NG ARIBHO!
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hr'ough operation of a flow restrictor 60 associ ated
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conplexity to the system [0007] As noted above, the
tank 10 is normally a standard vented tank. However,
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sent to a%e%%%ngg avigg%glpr@gﬁure %Q Ji@gﬁg@gﬁe&?%ﬁl‘thg&@pérﬂ%@e vessel and
then pumped back into the dispense vessel. When liquid demand is low,

significant energy is still consumed because of the necessity of maintaining the re-

circulating flow.
[0008] There remains a need in the art to overcome the problems noted above.
SUMMARY OF THE INVENTION

[C009] Embodiments of the present application provide methods and
apparatus for the delivery of liquids under conditions thaf require highly
accurate control of pressure or flow rate. In particular, embodiments of the
present invention provide methods and apparatus for the delivery of high
purity chemicals or slurries to one or more points of use in a semiconductor
manufacturing process, wherein the flow rate of the chemical or slurry is

provided at a constant flow rate to the points of use.



significant energy is still consunmed because of the
necessity of maintaining the re- circulating flow
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centrifugal pump and the pressure regulating means.
.[0010] Embodiments of the present invention provide combining a’

pressure vessel and a centrifugal pump within the same distribution system.

po‘fjnt

By using both a pressure vessel and a centrifugal pump together, the
advaniages provided by each component can be optimized and the overall

performance of the system can be enhanced.



pressure regulating neans in order to assist in
mai ntai ning a predetermned pressure in the pressure
vessel connected to the centrifugal punp; and
measuring a condition of #Re fluid with a sensor
posi tioned proxi mate the point of use wherein the
nmeasured condition is used for controlling the speed
of the centrifugal punp and the pressure regul ating
nmeans. [0010] Enbodi nents of the present invention
- provi de conBRIGTDESPREZEIN QfessE DRAVINGS

centrifugal punp within the sanme distribution system
By using both a pressure vessel and a centri fugal
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schemati c view of a basic systemas known in the
the presgmii loveation. [0012] FIG 2 is a schematic view of a

basi ¢ system accordi ng to one enbodi nent of the
present invention. [0013] FIG 3 is a schematic view,
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further enbodi ment of the present invention.
DETAI LED DESCRI PTI THE | NVENTI 1 . ;
100141 FiGpfics enpeaveRt Ma R e SE SEUEPT b2l TR S Ifyention.
' hereinafter with reference to the acconpanying
drawi ngs, in which preferr L ,
i nventi on @EEﬁéhEQﬁgEﬁ@é@?ﬂPﬁ%ﬁﬁﬁ%@ﬁ%ﬁgg, be
enbodied in many different fornms and shoul d not be
construed as limted to the enbodi nents set forth
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referenc%ﬁcgttmg %c%gﬁ?ﬁ*@@#@%\)%#g. scopé o? the invention to .
inventiort has ehelwinl | Boisiinventiun may, however, be embodied in many different
forms and should not be construed as limited to the embodiments set forth herein.
Rather, these embodiments are provided so that this disclosure will be thorough

and compiete, and will fully convey the scope of the invention to those skilled in

the art.

[0016] FIG. 2 is a schematic view of a basic system according to one embodiment of
the preseht invention. In particular, F1G. 2 shows a liquid distribution system 204,
cbmprising a pressure vessel 210 that can be refilled from a liquid source 240, a



[0016] FIG 2 is a schematic view of a basic system
according to one enbodi nent of the present
WO Jodpv@rizson. I n particular, FIG 2 shows a |i qtdus2007/003886
di stribution system 200, conprising a pressure
vessel 210 that can be refilled froma |iquid source
240, a WD 2008/ 097236 PCTTUS2007/003886 5
centrifugal punp 220, and aSpoint of use 230. Wiile
only a single point of use 230 is shown, it will be
recogni zed by those skilled in the art, that nultiple
points of use may be supplied with liquid using the
same distribution system 200. Also shown is a
; [
f:entnfugéélt‘?ﬁ.ﬁrla ?hzr(ﬁ%ﬁld?r%P%?g:a;q}t%%ezﬁp W{!gfer(?lg é’@arngﬁ?gotrﬁ of use 230
is shown, it wilh bgﬁ@@@gm@eddss@oszmdia:gm tbgarbl téat rudiplgtpaigts of use
. ' t e
may be SRRtk ki ULl B Saile igREREA SRS 200 ajs0 ghown
is a premm&rré{gu@éihgpuepnsmﬂ et chode msqm entalfiabtancechdinytain the
Levitroni x(rJl.. 001 peration iquid_i.s
approprpd BEEETHF ORI SYR itssd o 100 e O bRl Fradatine
means BOMaABL2ombtigei fnitdgeel ga@f@j OThe ekntrifagar ﬁﬁmw ZQO may be
vessel .210, K and rOV|ded to the oi nt of use
any corREpTLSRSRIaht ROIRUS Hn el A% DRE RUBRS IR Wastued by
Levitrond®0y | (Preferably, the return |ine would be subnerged
below the liquid I evel in the pressure vessel 210.
Pressure within the system 200, i-s maintained by
[0017] in SPEr8RbASIANG id Fb%n?d% g}%bgﬁ %héws?&%% oo b 'tﬂe‘c'é‘?.tnfugai
ressure vesse xanpl & pressuri zati on
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by presSiERo8 USRS reguiPhbg Boanedsse T seeed Bor R Gendiugal
pump 22@)6 alsBesct 8RR IY to maintain the system 200 pressure at a
desired level,

[0018] By using the pressure vessel 210 in conjunction with the centrifugal
pump 220, significant advantages are achieved. In particular, by using a
pressurized vessel 210, the centrifugal pump 220 can operate at lower speeds
and still produce the required system 200 pressure. in this way, the system 200
according to the present invention requires much less energy than the systems of
the prior art that utilize a standard vented tank. Further, by using the pressure
vessel 210 and centrifugal pump 220, higher system pressure can be achieved
than if a vented tank is used.

[0019] A further advantage of the present invention is that the regulated pressure of
pressure vessel 220 serves to dampen pressure fluctuations during transient

periods of operation. For example, the higher the pressure there is in pressure



according to the present invention requires much |ess-
energy than the systens of the prior art that

wo 2bislgbt236 a standard vented tank. Further, byp@thggo(m@@;,s%
pressure vessel 210 and centrifugal punp 220, higher

system pressure can be achieved than if a vented
tank is used. [0019] A further advantage of the
present invention is that tfhe regul ated pressure of
pressure vessel 220 serves to danpen pressure
fluctuations during transient periods of operation.
For exanple, the higher the pressure there is in
pressure WO 2008/ 097236 PCT/ US2007/ 003886 6 vesse

vessel ZQéothé RROrER Willl frmMirblurh if tﬁ§§ ﬁ?&hélh@%lcﬁ headloss. This

reducing frictional head Fovi
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system 200. [0020] FIG 3 is a schematic view of a
further enbodi ment of the present invention show ng
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showing Jhu R SEPiants e Ar3hgiReBis  eumen) gR Rardpuar,
FIG. 3 sha\ns@iuﬁ@ﬂldlﬁﬁ&uﬁnb%ﬁy@td&mq&ﬂw c&ﬂ:tﬁr&ﬁng’ﬁé%re%sure vessel 310
that can G5 ried Ty & Bovinccron 96058 RBhAIMA 340, #ha point
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poi nt's use may be supplied with i
those Skdkadrfg thﬁeargéhet mtﬁwiﬁmﬁm rofdise @Ay suppliesd wﬁbmullcg
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t1onal  componén 0 1n g’ syste
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SsSu nd, f oW r.at A sensor_3 i ded
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may be 8 #8580 e3OOtNRGSUPS flow 1Eitd BDRkhd RYUIES ETHd 88nbE360 provides a

nmeasurenent to a controller 370 that then sends a
signal regyesating the measurement to a controller 370 that then sends a signal
{o other components of the system 300 to more acc;urateiy control pressure or
flow rate within the system 300. For example, the controlier 370 may send a
signal to the pump 320 to adjust the speed of the pump 320 so that the
measurement made by the sensor 360 remains constant. in other words, if the
sensor 360 is a pressure sensor, then a signal representing the pressure of the
liguid in the system 300 is sent to the coniroller 370. Based on this measurement,
the controller determines whether an adjustment is needed to maintain constant
pressure in the system 300, and if so, then sends a signal to appropriately adjust
the speed of the pump 320. [f the sensor 360 is a flow meter, the speed of the
pump 320 can be similarly adjusted 1o reduce or increase flow rate as required to

maintain a constant flow rate to the point of use 330.

[0021] Alternatively, the controlier 370 may send a signal to the regulating
means 350 to adjust pressure in the pressure vessel 310 as required to maintain



to ot her conponents of the system 300 to nore
accurately control pressure or flowrate within the
WO 20085098186 300. For exanple, the controller 370 pgaysaanthossse
a signal to the punp 320 to adjust the speed of the
punp 320 so that the neasurenent made by the sensor
360 remains constant. In other words, if the sensor
360 is a pressure sensor, then a signal representing
the pressure of the Iliquid in the system 300 is sent
to the controller 370. Based on this nmeasurenent,
the controller deternm nes whether an adjustnent is
needed to maintain constant pressure in the system

constan® 99@3@?@ driflowto iHEPoﬁﬁ Bflasa :ﬁog r@hetaa@mw of #Higl ¥
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ntain a constant owrate to t
operatiq@ni nt of use 330. [0021] Alternatlvely, t he
controller 370 may send a signal to the regul ating
nmeans 350 to adjust pressure in the pressure vessel
[0022] A iGdDberaliermalive dsl o bavaithe a:bntMﬂbQBDB/p@@V d8Gignals to both the

pump 320 E A 8 tEoRRalg ek AL R B G i She preiuke abd Fow

rate to the pgdiatiofting: 8801 ri f ugal purrp 320 can be operated at a
constant speed, while the pressure of the pressure

vessel 310 is adjusted to control system 300

[0023] WHRRSGHES. '33?F1cidd24§2@ﬂll s émgté@én%rt:%mahb\&esénﬂ iAvEANSh also
the controller provide signals to both the

includegembasiments h@gogdﬂp@thﬁm@e 350s¢b har ﬁ%%m@l%dwgtg'pﬁeﬁsure
sensorsﬁfcﬁﬁ&%r S&tﬁ{i@dfé%gf@%utoo&t%?Qidﬁ%l§fo Thg; cAttoller 370.

I ncl udes on a sin sensor

Based caﬁmesarmgrpaiésmﬂ coniyelian H0 apdld prpmam outpgdignaitie the
requiatf LIRS0 4 81 RS i PRy ¥ERLS o g copro
pressurpad el érsmagmabs ahd anmtheootpoit IsggnaB 10 the Bamg:plBﬁﬁ to control
pump S%%?CE apa gﬁ)éﬁréﬁ p{%shﬁetﬂ%oaqttﬁg lsle%E)n é%n%gy.l g‘)tﬁerzro é/itgr%a%ggs using
flow meters in place of pressure sensors or combinations are also included. For
example, the pressure of pressure vessel 310 could be adjusted o maintain
pressure at a pressure sensor and the speed of pump 320 could be adjusted to

maintain flow rate at a flow meter.

[0024] Other alternatives and embodiments are included in the present invention.
For example, additional centrifugal pumps could be added io the system fo
provide back up and redundancy for the system. In addition, muHliplie pressurel
vessels could be utilized, either for back up and redundancy or to allow liquid
blending to take place in one pressure vessel while another vessel is distribuling
liquid through the system. Isolation valves can be added to the system to allow
for servicing. In addition, pressure relief valves could be provided to protect
against failure of the pressure regulating means. Humidification can also be
provided if needed, for example, by humidifying the nitrogen gas stream used for

pressurization.



regul ati ng neans 350 to set pressure in the pressure
vessel 310 and control 'pressure at the first sensor
WO 29iheasgt her output signal to the punp 320 t ecanmi@ioessse
. punp speed and control pressure at the second sensor.
QO her alternatives using flow neters in place of
pressure sensors or conbinations are also included.
For exanple, the pressure Bf pressure vessel 310
could be adjusted to naintain pressure at a pressure
sensor and the speed of punp 320 could be adjusted to
maintain flowrate at a flow neter. [0024] O her
alternatives and enbodi nents are included in the

[0025] F!@rﬁi@@bch@#ﬁﬁbl\ﬁ@v of epfurther@hBoediasishitidfanalpresent invention.
centrifu punps, coul d be added to the systemto

In particglagy Fifé- é@l@“@pﬂ Hadid dignRAsIAGSYSR TR0, GAIRASING @ pressure
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, elt ancy or
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points of 585430 e SR MGVESR LS, S SLEIA S odk Bl n
art that & bingly piodmh dfaisa towd Beosupmiad by tige siysteaa éOt)l ofhe centrifugal

i ef Id b ded t t
pumps £5E3RH 5 Sid Faifanty ¢ ARepi B Ay i pilk Rl he other.
Further Humghd lrf:me mtémm @atkvﬁguu@tu?gi rledns fctsmet@t deshtrd @F’%ssure
exa | e I trogen as Siream use
within praseure, vasedl 4 hid Hist SABSOUIE) domoraeastmn A sonaTnI dbe
liquid in $hé @93@11 Bo6: arf’d bFodShe BRIt toy Cemtref the SpHdd8f centrifugal

enbodi ment of the present invention. |In particular,
pumps 4:”1Qpr 428hang aa3¢¢cq151 ae!aﬁ%';ﬂe'f'r%ﬂmj nagastespoondition of the

C

liquid i Inr e%i P?t?g‘ﬂ fgt P grfﬁoe? [ qU| sou al ﬁgonfrggﬁea@%ggggeu%tg e
pressurelvaasaird 1dMalyot anamnia\dheefmsw $$mfgml4ﬁz§1m@f A28, pregsyre sensor

f . ' [ tinpl '
or a flowAEBPRA Eafl o' B8 1o, iy (T doRior At Ryal bt azo
or 425 int tres sasiel inbadet mistdes fodh abblatwith sesppat tpHlGL 30fThessecond

[d be s lied b thesste 400. The centrfu

sensor £fthiib; S8 HhEn 58Sl sl Bk &t oW Paeter i bg it ized to
control ResduRARIthimpleastife vet&sir410 in the same manner as set forth
above with respect to FiG. 3.

[0026] Alternatives for the embodiment shown in FIG. 4 are the same as those
mentioned above with respect to FIG. 3. In particular, additional centrifugal
pumps could be added to the system to provide further back up and redundancy
for the system. Multipie pressure vessels could be utilized, either for back up and
redundancy or to aliow liquid blending to {ake place in one pressure vessel while
another vessel is distributing liquid through the system, In a particular
embodiment, the pressure vessel may be a load cell so that liquid level in the
pressure vessel can be determined at any time during operation. Isolation valves
can be added to the system to allow for servicing. in addition, pressure relief
valves could be provided {o protect against failure of the pressure regulating
means. Humidification can also be provided if needed, for example, by
humidifying the nitrogen gas stream used for pressurization.



Further included in the system 400 is a regul ating
means 450 to control pressure wthin pressure vesse
wo 2ddberBs6f i rst sensor 460 that neasures a congicty@e®foos3sss

the liquid in the system 400 and produces a signa

to control the speed of centrifugal punps 420 or
425, and a second sensor 470 that neasures a
condition of the Iliquid i N9t he syst em 400 and
produces a signal to control the pressure of the
pressure vessel 410. For exanple, the first sensor
460 may be a pressure sensor or a flow nmeter and can
be utilized to control the speed of centrifugal punps

[0027] Thé%@eséﬁt iA¥éntidh bhwlé@@mwawmagé@bvfe@ kA& pABP YA by

respect to FIG 3. The secon sensor 470 may
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. , sane nmanifier as set or above w
inventiopezgeepeade Bit war spaedoand st traduse the rquires system

pressur8 ”q%rg%?é élﬁ% \%ggﬁ rﬁ% IE:IICEbF(ﬁng li«:? g%ﬁ@%ﬁ irﬁ\?}e ﬁtl%%sl%quire much

nti1oned respec
less eneprgytthanltiae syatiohng obtie pnenartlthagaililzeml i dzrd| vbribed tank.

dded. to the s semt t her .back up, and
Furtner 184 Bl s svrashafd fenfiivertpanp 8gstes veles sustem
pressureochel Heeattielbdatan ¢ 4 bentddoiankdsluseg. amturtiedamdansye of
to al)ow | uid blending to take place in one
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fluctuatibhg léiLﬁ:nbrl‘féWQan P&risyS bEBbetdtich A3 pr&HbES a stabmznng effect
enbodi ment , ﬁr essure vessel nmay be a | oad cell

on the praggune; t&tﬁ’l&}h%ﬂé eisysteid 208k essure vessel can be
determ ned at any tinme during operation. Isolation
val ves can be added to the systemto allow for
[0028] Maggnoodifingtions andditheoembadineoteot dlei ioventian wik come

mind to %%gss@\r/éedj’r gtg O E@%ﬁ%&é g ﬁ\ﬁﬂﬂoﬁn é#’i& {18 %ﬂ}ﬁ g%nef" it of

the teadhmgﬂ prasaattd fn ﬁ@iﬁdgoﬁ@rdmimibas anyd thieuss shidiatiedg
craving SR 8 S AR Pl 33 B blfimitea o
the spedifiy embaiimaney dikfos@nind dvaivnoddalvBE dndeothier or art
embodirkr%nts are intended to be included within the scope of the appended
claims. Although specific terms are employed herein, they are used in a generic
and descriptive sense only and not for purposes of limitation.



conbi ning the favorable attributes of both pressure
vessel s and centrifugal punps. In particular the
centrifugal punps of the system according to the
present invention can opejpate at |ower speeds and
still produce the required system pressure.
Therefore the systens according to the present _

|ANE?E?ﬂ;ion_require mich |ess energy than the systens
0 e prior art that utilize a standard vented tank.
Further, by using a pressure vessel and centrifuga

1. pundfltidgistiftertion sygiarmrcompsisdm  pressures can be
achieved than if a vented tank is used. A further

advant f the present 4F ' ' hat-t he
pred gﬂﬁgﬁg@?y&p @EE\?@%@@ ﬁéjga/n% erghb%lrﬁedg éaé’e
fluctuations during transient periods of operation
aﬂda Bfeﬁ,&hr@%ﬁﬁe] &bﬂi&décgtbglge eéorgag‘ggal pumptvbfaegg'? dises candrifugal
t hroughout the syste . Mapy nodifications
PUF&‘P\E@SWE@P“@W&&P%‘H@%&G{ ?ljssﬁ%%lé%ﬁsﬁgn will cone to
mnd to one skilled in the art to which this
I nvg Eﬁésgﬁeﬁ% HA S mEMs oBregbRtiRE pebsire dithintthe pressure
teachi ngs presented in the foregoing descriptions and
vesB@le associated drawings. Therefore, it is to be
understood that the invention is not to be limted to
t he Il ' ﬁ%}i\é ' & fatin@dheans to control
nnd??ﬁ%gﬁﬁgﬁgﬁgggggt efﬁmgw%gggﬁgﬁgs a#eaintended to
prebeure ircthegeebswia vesaek Aed scope of the appended cl ai ns.
Al t hough specific terns are enpl oyed herein, they are

For P BB oGP frind B ReNER Iy ARpSET AR RS e ARRE

vesgelst ri bution system conprising: a centrifugal punp
for dispensing fluid to a point of use; a pressure

vessel _connected to the_centri.fygal
2. contft MGES By D Sraseiog 88y ST CoBd 56 el pbrtfoned
proRINRES tHeSpoit $$ B¢ foR nivnitsSiiraecandigion af hedluieans f or

regul ating pressure within the pressure vessel;

3. The fluid distribution system of claim 2 wherein the sensor is a pressure
transducer.

4. The fluid distribution system of claim 2 wherein the sensor is a flow meter.
5. The fluid distribution system of cléim 2 further comprising a lcontfoller.

6. The fluid distribution system of claim 5 wherein the controller is adapted to

transmit a signal to the centrifugal pump and to the pressure regulating means, and

to receive a signal from the sensor.

7. The fluid distribution system of claim 1 further comprising a fluid source

connected to the pressure vessel.

8. The fluid distribution system of claim 1 further comprising a second centrifugal

pump connected to the pressure vessel for dispensing fluid to the point of use.



an inert gas source connected to the pressure
regul ating nmeans to control pressure in the pressure
vessel; and a return line for returning a portion of
the dispensed fluid to the,pressure vessel. 2. The
fluid distribution systemof claiml further
conprising a sensor positioned proximte the point
*l"rfsff f|UIg iS5 s'.té]'n f R bt rﬂ{er %mbhﬁné h4k&bnddensor
I St rlbu I'on systemof claim?2 wherein the
poeetemednn the ratupt l@’ses\ulrl%remttheﬁe%r@eﬁféﬂs@r is Fipted {p tpansmit a
i aim 2 wherein the sensor is
SIQIS\él (%E)Hv?/b&rr%%%fe %é%?a%%g{efaﬁ%i d distribution system of
claim2 further conprising a controller. 6. The fluid
10.di sThe fuitl idstritssien eysterh of tlainm! Svheinein Eienpressire gersebls [adead
is adapted to transmt a signal to the centrifuga
punp and to the pressure regulating neans, and to
receive a signal fromthe sensor. 7. The £1 ui d
11. di s1riﬁé it idetribsiist eystarfi of blainml Ivtfersit ey pamirgiussisry a
$ our ce onnected to the pressure vessel. 8.
Se"?‘ﬁ%n Ye r(ﬁ"elﬂug&lc Y0R8 8y st em of claim 1 further
conprising a second centrifugal punp connected to
the pressure vessel for di spensing fluid to the point
wddstrpg(ﬂ on:.S ystem of cl
125 ¢ Bredtaed Efcﬁ?&FrP@P% Fressilre i A JusHRT POy EMspmpTsfia.
the return line wherein the second sensor is adapted
to Eérﬁl‘b’ﬁﬂbtth@spe%dgﬂ al cehRifldMe pBnB 3§ Hiaftdif 8Préddtétehined
means. 10 The fluid distribution systemof claim1l
pregpidp &t A PeimbobWs®Ssure vessel is a load cell. 11. The
fluid distribution systemof claim1l wherein the
oi i
or ocanufling3For e (SRIAEGRIEL & i Akt Etined pressure
in & presglire vessel benriegteddy theeeantidfugalipsmpg:

cell,

controlling an inert gas source connected to the pressure regulating means in
order to assist in maintaining a predetermined pressure in the pressure vessel

connected to the centrifugal pump; and

measuring a condition of the fluid with a sensor positioned proximate the point -
of use wherein the measured condition is used for controlling the speed of the

centrifugal pump and the pressure regulating means.

13. The method of claim 12 further comprising transmitting a signal indicative of

the measured condition from the sensor to a controller.

14. The method of claim 13 wherein the controller controls the speed of the

centrifugal pump based upen the signal from the sensor.



controlling the speed of a centrifugal punp to

mai ntain a predeterm ned pressure at a point of use;

controlling a pressure regulating nmeans to maintain a

predet erm ned pressure H? pressure vesse

connected-to the centrlfug punp; controlling an

i nert gas source connected to the pressure regul ating

| .

15.0r et PR da B g etoRBL R BoRAIGN prossure in the
pressure et basedt upendles signdl dnpal thpusﬂpsorand measuring a

condi tion of the fluid with a sensor positioned

pr oxi mat o] f use where a , :
16.condig MsHod 8@5‘8 q% gfrﬁ‘@[) ReY B"'?'ngngor}trﬁhm% \ ee%f%%#u‘?g fthe fluid
d.smnﬁc_rphéy@w u@h@’fﬂaeabﬁbkt dwtigh?wamehe eqifoiiér rageivesdths .
) e th of
e T A 40 ook Tl U T PHUB R Pt the
spde@ndi tion fron1the sensor to a controller. 14. The
met hod of claim 13 wherein the controller controls

the _speed of the centrlfu Pulﬁ ba edgg)‘g | |

17.sj gﬁ'@ﬁ methop of ﬁ@"&éﬁwﬁm"ﬂ‘ FOR &CHER hoT o °8P*{1? fHgna
to tI]|§ pVa81RI Byl gCRBANb laBjusEPRID€dssIrd iR ehddpressure Gesdel.
he pressure vessel based upon the signal fromthe

sensor 16. The nmethod of claim 13 further conpri sj ng
18.conThemetheg of Klein Al 8 dythes cpmprisied sontioing dasprepylie e Tiuid

d:sﬁ%ﬁt‘i égfelrrﬂ 93|F|§ RARBSK &ﬂﬂbf\%er@m%@ b(Shthﬂ@r reeditdothker

ransmtted nal and sends a contro
tramrrgthed sigioaltahd seedift 2 P@rﬂjgéﬁlgp@?!ﬁ thegpragguie feaupEing 85288 o

adjergt tréérgl%sgﬁy}?ﬂ‘)e?resslu?é VBsk6) Wherein the controller

a second control signal to the pressure
regulatlng means to adjust the pressure in the
19.pr eSlseimethodss elaim 18 furtfiee comptigiog tleasuriigra agditign ohthe fluid

| wnttaangéériu%eglggroﬂgsﬁ%he& E%xﬁ#aq ¢ d%r%gi&e LOsdee fluid

n sys S ng control wherein
the controller receives the transmtted signal and
20.SenTise metatdf elairs i1gmather compesipg assmiting epigral indgative of

thenrr?gans%retdo condition from the second sensor‘to the controller.

21. The method of claim 20 wherein the controller controls the speed of the

centrifugal pump based upon the signal from second sensor.

22. The method of claim 20 wherein the controller controls the pressure in the

pressure vessel based upon the signal from the second sensor.

23. The method of claim 20 wherein the controller controls the speed of the

centrifugal pump and the pressure in the pressure vessel based upon both signals.



adj ust the pressure in the pressure vessel. 19. The
nmet hod of claim 13 further conprising neasuring a

.. condition of the fluid wth a second sensor
positioned proxi mate the prgssure vessel. 20. The
met hod of claim 19 further Tonprising transmtting a
signal indicative of the neasured condition fromthe
second t

24 P o7 SETRRRH cliny BB ESh 18] 166 offheactiif Frenafbly e

fluitl hkempisnmeaswiggl thgppregsiraséthedpich t he signal from
second sensor. 22. The nethod of claim 20 wherein the

controller caontrols the .pres e J h r J -
25, oo 65 mTioge! Gaun ‘DAL SoL e et fing Befidthor e
flui@ 3ompheingreichodtingf the flaivmat2@f Wedfhuid.n t he control | er

controls the speed of the centrifugal punp and the

pressure in the pressure vessel based upon_ both
2651 T8 Bethgg of St TRt (EGPURNE FATIHITG (i SR p! tfgcond
certife§a pgeinpreasuring a condition of the fluid conprise
measuring the pressure of the fluid. 25. The net hod
of claim19 wherein the steps of nmeasuring.a . .
27.conting Methaskof clpém 12iTuither COMBFIFIEY HgNIFRIINGA Tignal elicegupt
the"vilight OF 1dvBFoffithalidd ikfe pfbRurelded viersihahdprbdsfrunedRl is a
conprising controlling the speed of a second
loadeell-ri f ugal punp. 27. The method of claim 12 further
conprising transmtting a signal indicative of the
wei ght or level of the fluid in the pressure vesse
wherein the pressure vessel is a |oad cell



