" H GH PRESSURE WATER PUMP (err) Abstract A high-pressure water punp for
suppl ying high pressure water for atom zation in the inlet streamof a gas
turbine is disclosed which includes at-|east one hydraulic cyl$ heer2005
containing a piston secured to a piston rod extending fromthe hydraulic
cylinder and defining within the hydraulic cylinder first and second

~ hydraul i c chanbers on opposite sides thereof, hydraulic oil punp and
sol enoid val ve for selectively supplying oil under high pressure
alternately to said hydraulic chanbers while releasing oil from the
opposi te chanber thereby to reciprocate said piston rod, and at- | east one
wat er cylinder including a housing and a piston therein secured to the
pi ston rod for novenent therewith and defining at |east one fluid chanber
in the cylinderon the side of thereof opposite the piston rod ; and check
valves in fluid communication with said fluid chanber for allowng water to
enter the chanber froma water source when the piston in the water cylinder
is noved by the hydraulic cylinder in a direction which enlarges the vol une
of the fluid chanber and forces water fromthe fluid chanber at high
pressure, while shutting off the supply of water to the chanber, when the
piston in the water cylinder is noved by the hydraulic cylinder in a
direction that decreases the volunme of _.gaid fluid chanber. 18 July 2005 -1
TITLE H GH PRESSURE WATER PUVMP BACKGROUND OF THE I NVENTION Field of the
| nvention [0001] The present invention relates generally to apparatus and
nmet hods for producing pressurized watg @% and nore particularly to a
hi gh-pressure water punp for supplying high pressure water to an
evaporative cooling apparatus and particularly to so-called fogging
nozzles for cooling the inl [ generator. Description
of the Prior Art [0002] EX|§%Fﬁg&¥§%§Eﬁgf§VQh§gg evaporative cool ers
utilize crankshaft based reC| ocatln% pi staon or ﬂ)ar type mater punps to
create high pressure water §§ROUFE) F'THE INVENT

Field of the Invention ,

[0001] The present invention relates generally to apparatus and methods for
producing pressurized water, and more particularly to a high-pressure water pump
for supplying high pressure water to an evaporative cooling apparatus and
particularly to so-called fogging nozzles for cooling the inlet air of a gas-turbine

generator.

Deseription of the Prior Art

[0002] Existing fogging systems for evaporative coolers utilize crankshaft based
‘reciprocating piston or gear type water pummps to create high pressure water (1500
1o 3000 péi) which is atomized by known forms of fogging nozzles in the inlet
airstream of a gas turbine to cool the inlet air. High pressure water is required to
achieve the small droplet sizes needed to insure that the droplets completely
evaporate prior to their entrance into the turbine inlet.

[0003] In gas turbine fogging systems it is common to use de-ionized water to
prevent mineral contamination downstream and on turbine parts; thus all coated
components, including the pump, must be of stainless steel and exotic seeﬁ
materials. This type of equipment calls for maintenance on weekly intervals.

Moreover, only a limited number of suppliers produce reliable high pressure de-




to 3000 psi) which is atom zed by known forns of fogging nozzles in the
inlet airstreamof a gas turbine to cool the inlet air. H gh pressure
water is required to achieve the small -droplet sizes needed t 08 lulg20@5 t hat
the droplets conpletely evaporate prior to their entrance into the turbine
inlet. [0003] In gas turbine fogging systens it is common to use de-ionized
water to prevent mneral contam natign downstream and on turbine parts;
thus all coated conponents, including the punp, nmust be of stainless steel
and eiwiijed vesalpumps Dheite this linfitgdssupply endthe sqiyrqrfaha matatials refpiredgimakenance on
weekl y, | I e 0Nty a limted nunber of suppliers produce
reIiagFépﬁﬁgﬁﬂ%égggg@%”%éa%gmﬂuIy 2005 -2 ionized water Bunps. EUe to this
| i m t §eD0dMjokepvendith e priat st puroping kesterms, &r ordérso nehdyie vebinteaontaddepresshes e

punps t.h are qui expensi ve 004] Moreaver, with t rior_art punping
By oF entier ¥l sadiies f SERFEDRLC kiR Peambpor s prsedipde Fh S ufbhs ar
used Qlut&disle®siorsve @fficRmeKaddinébseppup weirl s causes heating of the water
whi ch reduces its evaporative efficienc

y and increases punp wear. [ 0005]
For | 40048l Sgrdurgsrsysteameanddin grdseto gy tha mipter pelupmas Sverplrimpe _,ar%réweg@n%hﬁps are
requi Rk ABisbDBamBAET viIRbe HSBELIAEARIMAhEIYssWie! sidel tHeGtdptdy badied e om t he
pressure side of the pu s) back to the bpunp inlet. To have several punps
provi dimp igetr Bobivesaveyd pumps poviding# reaees yolngaf dighpprgssurcomteiatus spaERlani sns
adds [ t y Sl : riving the
purp echiBine ol BRALRE RIRERREHUR, Bl ReSPIR Blrel BEVRERERIE |1 Thus
ri se wevitatdpgateadded tavht water.The tveabgn éanageratere Wil thuls eise welt alays ithregwetthelbc ool i ng

ef ficiency, of ter, MVARY JTHE | NVENTI ON [ 0006] The present

" nventiraseu Rt Mole et M par ac us. for providing a
constant high pressure water streamto the atom zing spray nozzl es used for
evaporative cooling of the inlet_ air _of a - bi ne generator. [0006a]
I'n accordance with a first§g§9@§3X3$F?H§IB@g§®Hbﬁ{nvention, there is

Provi gRMeRTRY SBschf BFSHALR predéHi e wHIRMRE nfdiRal YAd upphia@h fRRsadngavat er for
atom zation in the inlet streamof a gas turbine engine conprising at

| east censeanhligh aressuee woter sigan te herEInHZIAG spraphegzlen ussddon evgperative gookingef r od

the inlet air of a gas-turbine generator.

[0006a] In accordance with a first aspect of the present invention, there is provided a high pressure
water pump for supplying high pressure water for atomization in the inlet stream of a gas turbine
engine comprising at least one hydraulic cylinder containing a piston secured to a piston rod

extending from the hydraulic cylinder and defining within the hydraulic cylinder first and second

hydraulic chambers_on opposite sides thereof, means for selectively supplying oil under high
pressure alternately to said hydraulic chambers while releasing oil from the opposite chamber thereby
to reciprocate said piston rod, and at least one water cylinder including a housing and a piston therein
secured to the piston rod for movement therewith and defining at least one fluid chamber in the
cylinder on the side of thereof opposite the piston rod; and check valve means in fluid
"communication with said fluid chamber for allowing water to enter the chamber from a water source
“when the piston in the water cylinder is moved by the hydraulic cylinder in a direction which
enlarges the volume of the fluid chamber and forces water from the fluid chamber at high pressure,
while shutting off the supply of water to the chamber, when the piston in the water cylinder is moved

by the hydraulic cylinder in a direction that decreases the volume of said fluid chamber.



extending fromthe hydraulic cylinder and defining within the hydraulic
cylinder first and second hydraulic chanbers-on opposite sides thereof,
means for--selectively supplying oil -under high pressure alterh&tidyR06D
said hydraulic chanbers while releasing oil fromthe opposite chanber
thereby to reciprocate said piston rod, and at |east one water cylinder
including a housing and a piston therein secured to the piston rod for
novenment therewith and defining at | east one fluid chanber in the cylinder
on the side of thereof opposite the piston rod; and check val ve neans in
fluid ' ' Lt r
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conprising at |east one hydraulic cylinder including a piston deflnlng
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between 0-10,000 psi, and preferably between 1000-5000 psi.
[0009] An advantage of the example embodiments is that the system maintains a substantially
constant water pressure range as the volume varies from zero to maximum water flow. Moreover, the

power consumed by the hydraulic pump varies directly with the output of the pump.




[ 0008] The water cylinders may be of single or double acting type and
produce water pressure between 0-10,000 psi, and preferably between

1000- 5000 psi. [0009] An advantage of the exanpl e enbodi nents ii8 Julyd00f he
system nmai ntains a substantially constant water pressure range as the

vol une varies fromzero to maxi rumwater flow Moreover, the power

. consuned by the hydraulic punp varies3-directly with the output of the punp.
18 July 2005 -3 [0010] Another advantage of the exanpl e enbodinments is
that the efficiency of the hydraulic water punp systemat full flowis
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Backupg, systems nay be al so used as a redundancy neasure. [0012] The
exanpl e enbodi nents include the ability to vary the anount of water fogged

i Nt o e 1] ¥el arditlef MVHBLDEr @S e e ShiRQGReASis 463 Etﬁ%ﬂg dbREhEreRGENY
theoretically no limt to the nunber of stages used. The stages are

cr eat afultisle AYdri@lic§Sem8 B BInB¥IsIPhel digp1e 0PERAarge hEhITRIY stéth chiBe divided

hum di fication. The pressure output of the hydraulic punp is varied over a
pr esetintoan gany stagea iy rdgued. Batkupsyaé¢msabebe sled usédhedrrediidadcempasdig:. cont r ol | ed
by a programmabl e logic controller (PLC) through a mllianp output based
on t hd0@i2f Tee emopldhanbuwlanerthiachnds the abifityatn dagrthe fubunt bEwpter faggadasto thf  t he
anbient air. [0013] In atom zing spray evaporative cooling systens used to
i Npr o sHpAn H8ingAsMay siRess avdasirerk iere hejing theasefivellp ho limitde theaupbersyr ayed int o
the air nust be tightly regulated in order .to achieve, maxi numefficiency.

Fi rst Stages wied: The ip8esartifreated nsinsyalyesand PRaid e Feasseidivsanntoldhe neasur ed.
Second the_.saturation water content. of. air at the neasured tenperature and
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hum di_t n h ration_ hum di s th naxiaym.amount, o ter which
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be selpdgaird ﬁ’lﬁﬁa&qﬁ? oﬁtghtsba i dHEnEGifRRAS RFedn el 8Huid zﬁld%?fb&lt{ ?erﬁcdg?atﬁf@g(' mum
cool i ng and Thus’ ReX| mim i ncrease 1 h turbine out put performance.
Al t er RgatiRlambicegic-t 1 onal water may be added to the air streamin order to
provide inter-cooling for the turbine. In either case, the precise anount
f0013] In atomizing spray evaporative cooling systems used to improve operations of gas turbines,

the amount of water to be sprayed into the air must be tightly regulated in order to achieve
maximum efficiency. First the air temperature, humidity and barometric pressure are measured.
Second the saturation water content of air at the measured temperature and pressure is calculated
by known means. The difference between the ambient humidity and the saturation humidity is the
maximum amount of water which may be evaporated into the air stream. As a result, the flow of
water must be set as close to this value as possible in order to achieve the maximum cooling and

- thus maximum increase in turbine output performance. Alternately, additional water may be added
to the air stream in order to provide inter-cooling for the turbine. In either case, the precise amount
of water to be added is determined empi.rically, and must be closely controlled.
[0014] The hydraulic syétem of the example embodiments is inherently a vafiable volume device.
Thus the water flow rate can be set by simply selecting the number of spray heads to be activated

and the outlet pressure supplied by the water cylinders. However, the



of water to be added is determ ned enpirically, and nust be closely
controlled. [0014] The hydraulic system of the exanple enbodinents is
inherently a variable volume device. Thus the water flow ratelgdulyl2680Set
by sinply selecting the nunber of spray heads to be activated and the

outl et pressure supplied by the water cylinders. However, the 18 July 2005
-4 systemallows fine tuning of the water flow through adjustnent of the
wat er pressure, which is easily achieved through adjusting the hydraulic
pressure using standard pressure control techniques (e. g., proportion

fl ow control devices, on _the hydraulic oil, lines, punp speed control, or
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pi st onind TR@bERASSHHEMy iRl L bides &c&%ﬁ&ﬁﬁts%ﬁ?ﬁﬁ%ﬂy gidngegout a first end
of the cylinder. The hydraulic cylinder also includes a first port arranged

adj acqoo15] Rehifh-prebsvedatatef puniiein@yddrauhes with thef dxbiinple @AodiRicAR foraapplying a first
port of a solenoid valve, and a second port arranged adjacent a second end
of t hehighypressaerwater td theifelgingomanindaing eozaldstusedato secldnldt pofot a ghs-tuktens ol enoi d
valve. The solenoid valve is in fluid comunication with the high pressure
|'i ne aknexatayiekidés acfinst hydpulip ol pylinder havingrapistpmandsf copp¢cting yadkhaninge fust  punp.
The punp according to this aspect of the exanple enbodi nents al so includes
a firondgdacaed wyane sideof HEwIstRY- a pi ston attached on one side to a second
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of the second port” by the piston and enter a high pressure water line. In
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cyl i nder capabl e of punping
return line of said hydraulic oil pump. The pump according to this aspect of the example
| embodiments also includes a first water cylinder having a piston attached on one side to a second
end of the connecting rod, with the second end of the connecting rod entering the cylinder through
_an opening in the first end of the water cylinder. In one example embodiment the water cylinder is
a single action cylinder having a first port arranged adjacent the first end of the water cylinder in
fluid communication with a first check valve for allowing low pressure water to enter the cylinder,
~ and a second, oppositely acting check valve connected to a second port for allowing water to be
forced out of the second port by the piston and enter a high pressure water line. In another
example embodiment the water cylinder may be a double action cylinder capable of pumping
water alternately from opposite ends under the control of appropriately arranged check valves.

[0016] In yet another example embodiment, the above high-pressure water pump further includes

pairs of hydraulic and water cylinders working together.




"wat ér alternately from opposite ends under the control of appropriately
arranged. check valves. [0016] In yet another exanpl e enbodi nent, the above
hi gh- pressure water punp further includes pairs of hydraulic a&dulpaoes
cylinders working together. 18 July 2005 5 BRI EF DESCRI PTI ON OF THE

DRAW NGS [0017] Fig. 1 is a schematic view of a first enbodi nent of a
hydraulic water. punp system according tg the present invention; [0018]

Fig. 2 is a schematic view of a second enbodi nent of a hydraulic water

punp system according to the present invention; [0019] Fig. 3 is a

schematic vie %F%E%@Tﬁﬂﬁ%%b m%%dr aulic water punp system

according to the present invention; 0] Fig. 4 is a schematic view
of the present{ﬂﬁméhg.llmaalsblimuc aiewmjatﬁm enbedinienieof adydtautigwatecpungul at i ng

punp for cooling hydr stored in a hydraulic oil reservoir.
DETAI LED DESCF%V% %ﬁﬂ&&%ﬁ BelBoD MENTS [ 0021] Figure 1

illustrates a [borsqtmgmgqlsm%ﬁian@he@ dTlaQétoRd Eﬁﬁéﬂiﬁeﬁm hi@au@csasdi ng to the
present invention and is the basis for each of the other enbodi nents

descri bed bel dWwmp[sygPRiaceqréing frthe pigpant pyeiiord i ncl udes a conventi onal

hydraulic oil e i roma

hydraul i c oi l [rg?irv%' Ml%imn{aggﬁe%&a?ﬂll{djé’ﬂ@gaﬂg%gpres}isc%ar elclf’vgia first port

16 on a hydratﬁu’mpsgﬂahmoéorﬁagmhéﬁrewmentmn&ﬁﬂr ably is a two-way sol enoid
valye 18§ and its, second or -

val ve. isr .to reservqir 14 thr ou

return port 2d0 8’["3@%? 1§ e@@‘%‘i‘%"%"%ﬁ‘él’@é@é nyepipg Hystratng (e P?Fo@ra 22 whi ch
consi sts of a ¢cofiylg/RekdSRing PAMS !f&%o&lﬁi@'ﬁ}&aﬁh@bﬁt@féd%ﬁa Rehdlicyed therein.
The piston is secured in any conventional manner on one side 25 to an end

26 of a connedefen@itor piston rod 28 that passes out of the end 29 of

housing 22. [0024] Hydraulic oil punp 12 maybe of conventional construction

el -Udl " DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0021] Figure 1 illustrates a first embodiment of a high pressure pump 10
according to the present invention and is the basis for each of the other
embodiments described below.
[0022] High pressure pump 10 includes a conventional hydraulic oil pump 12
which receives or draws hydraulic oil from a hydraulic oil reservoir 14, and pumps
it at high pressure to a first port 16 on a hydraulic control valve 18 which
preferably is a two-way solenoid valve. Oil is returned to reservoir 14 through
valve 18 and its second or return port 20.
0023} Pump 10 also includes a hydraulic cylinder 22 which consists of a
cylindrical housing having a piston 24 positioned therein. The piston is secured in
any conventional manner on one side 25 to an end 26 of a connecting or piston rod
28 that passes out of the end 29 of housing 22.
[0024] Hydraulic 0il pump 12 may be of conventional construction including
appropriate filtration and control mechanisms to produce high pressure oil at

- between 500 to 3000 psi through its supply line 13.
[0025] Cylinder housing 22 includes ports 30, 32 for receiving and/or expelling

- hydraulic oil from the chambers 34, 36 on opposite sides of piston 24 in response

-to the actuation of solenoid valve 18.




“appropriate filtration and control nechani sns to produce high pressure oi

at between 500 to 3000 psi through its supply line 13. [0025] Cylinder
“housing 22 includes ports 30, 32 for receiving and/or expelling8 Jydoedlic
oil fromthe chanbers 34, 36 on opposite sides of piston 24 in response to
t he actuation of solenoid valve 18. 18 July 2005 6 [0026] Hydraulic oil is
directed by solenoid valve 18 fromport 16 to one of the ports 30, 32 on
either end of hydraulic cylinder 22 basé@'upon the stroke or- position of
the piston 24. That is once pi ston 24 has reached the end of a stroke,

for exanpl e, I n ur_ 1, .sol enoi alve 18 is_actuat t o connect
port 16 to por[lo3 @W@W%%i “ﬁkﬁgﬁﬁ Iﬁﬁgﬁx gﬂ?ﬁ“ﬁ?ﬂﬂ @WpﬁoggF to flow
to chanber 34 mgor&dwm&ranaéfmuh@ 1#8er! 12 Y& vpbfl Me-strdie ddi gh pressure
hydraulic oil flows into chanber 34 hydraulic oil |n chanber 36 is forced

out of the cyl ipvgiion pthe pistonZdy Ehafiih gngsinitten?Ahias rgehad Boendef e Heoksor t 40 on
valve 18 and r ve port
20. When pi stoﬁﬁg%ﬁl@aéﬁ%ﬁﬁﬁk@% ] é%ﬂétr1 gquréﬁ oge atciéia ﬁggéﬁﬂﬁdtg?ﬂﬁgm in
dotted |ines) wvalpus 388nd themby sibiveligh pressoreriydtauliooil tolfowt © chpober 340 and port
20 to port 38 sp.the. ro of, 0 fro | i nd 2.0s..rever The
operation of th‘gl VISR 44 ﬁd\fgéé%ttﬂ&ket%g eéﬁg]’gﬁ%fe(gs‘?%@%%%lfﬂlgﬂwﬁ Op| ston 24
is acconpli sheghainBerd3ahyaQoNesil ﬁﬁl:harﬂlﬁﬁﬂ@[s fased\putlofltaeylppabeht to those
skilled in the art such as, for ex bxﬁﬁﬁ %Ie tronic ti r .appar at us,
appropriate el WIICHGRISILYIE peé 30 F?r ‘@gqna Heant g eatvrdtlier (PLO).
[00271 The end é}?reébfrvd?ﬂﬁﬁﬁlcrfoﬂpva%% 'zéh\mfeﬁbfsﬂﬁ%r&{cﬁé&‘tﬁé’éifd@ﬂtbC cylinder
22 enters one end 44 of a water cylinder 46. The water cylinder includes a

pi ston 47 t herioke wdhewght éhown iraddtied Heesy valee Ygis ativatedip cp@wpmﬁelrﬁdo 42 of
(1 DL 109 Ao b o6 RO 18 4 B0 QTR LR B2,
cyl i nder being 'ﬁmajpbnaﬁdsleﬁf thmc@ubmamus a\hihyeapb&t to ﬂaalpasmam:d’[pum 44ris each
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stroke . - the art such as, for example, by an electronic timer apparatus, appropriate

electronic sensors, or a programmable logic controller (PLC).

[0027 } The end 42 of piston rod 28 which protrudes from hydraulic cylinder 22

enters one end 44 of a water cylinder 46. The water cylinder includes a piston 47

therein connected on a first side 48 thereof to the end 42 of the piston rod 28.

Water cylinder 46 is positioned in-line, along a central axis, with hydraulic oil

cylinder 22, with the piston of each cylinder being positioned in substantially the

same location in each respective cylinder. As a result, the stroke of piston 47 in

water cylinder 46 from one end to the other is substantially identical to the stroke

of piston 24 in hydraulic cylinder 22. Thus, when pistor_l 24 of hydraulic o1l

cylinder 22 is located at the first end of the hydraulic cylinder as shown in Fig. 1,

piston 47 in water cylinder 46 is located at the corresponding first end of that

cylinder as well.

[0028] The opposite or second end 50 of water cylinder 46 has a first port 52

formed therein for receiving water from a low pressure source through a supply

line 54. The water is drawn into the chamber 56 of cylinder 46 when its piston 47

is pulled away from the end 50 as piston 24 is moved from its dotted line position




‘of piston 24 in hydraulic cylinder 22. Thus, when piston 24 of hydraulic
oil cylinder 22 is located at the first end of the hydraulic cylinder as
shown in Fi-g.. 1, piston 47 in water cylinder 46 is |ocated at 18haly 2005
corresponding.first end of that cylinder as well. 100281 The opposite or
second end 50 of water cylinder 46 has a first port 52 fornmed therein for
receiving water froma | ow pressure soqug through a supply 1line 54. The
- water is drawn into the chanber 56 of cylinder 46 when its piston 47 is
pul l ed away fromthe end 50 as piston 24 is noved fromits dotted |ine
posi tion 18 Juhyi2QQg s sofid 1he Bbdtiont Alfrhdtively Ol ifl adldifiGh %&EHE{ Unter the
Alternatively, or in addition, water nmay enter tﬁe port by pressure

provi ded by t heorilkptmessaspraededb§@RoVatditsouend 50 of water cylinder 46, has a

second port t | wat rom chanber. 56 of | i nder 46 at, high pressure
as a result oﬁﬂg#djt ¥ 9%8&?@5’? 05563‘? r4%’ lbaﬁtaSBWDE%gﬁé?ﬁﬁ‘H@fmetr%ﬁDthh t he
second port tachambérssedicgkndet £t Gibhwhesurt A€ a Ristlk 8fpistddt 47 pushBSehtdrr OM i t S

solid line positionin Fig. 1toits dotted |ine position. [0030] The water

supply and di s@t8}§e chamhes thoonsh e seered nefve 2 diselreselinp O thapistor 62, 64
of conventi onajy i aldstd H&hgtgQolfcﬁﬁﬁgygﬁiﬁ&ﬂn%ﬁ?oiéﬂhctgti%ﬁoﬁéﬁqfn%'p[l?iﬁ&.CO”t rol  water

flow to and from chanber I n response ressure"of water in the
chanber resul t[083f] f Frermwater\sepy enddisdhiwge pines Fin 6@ #Fach hive: more-wayychetkeck val ves

are arranged such.that.checkvalve 62 associ at ed . wi firs ort. 52 allows
Nater onty i o VR Pt OB HAL PO TSR AR Al e b FBPh ¢ he
chamber is | esgatbdTiw foh@d fRFRBEMBE 56 tdspishsOth B Prebdife TatcR A #AL | ON
pressure of the valve, while checkval ve 64 associated with second port 58

al | ows wat er cHpPbergesultg feom meyementofdhe pisign A7 whbhonerwiey gheelswalyes arn chanber
56 i t ¥ t | : ,
's areater diialddien Al el B B354k %m%gsﬁﬁgﬁ%x Bllowd (i nio cour se

one skilled i appreci ate at a e por n the
end 50 of the foop infevlindd chirgter G whixetha pedsifroin thatlembet mlsnthahtiico or out of

th l'i nder._| ., th ' t | d b t ed
Lo a f1rst i PEeomRot oS SRR OB m bR e o letsre el y 71 ow

from.the wat erasidciaged ‘with second port 58 allows water only to flow out of the cylinder when

the pressure in chamber 56 is greater than the actuation pressure of the valve.
[0031] Of course, one skilled in the art will appreciate that a single port located on
the end 50 of the cylinder 46 also may be used for water flowing into or out of the
cylinder. In such an arrangement, the single port would be connecied to a first line
having a checkvalve which would allow water to only flow from the water line
directly into the port. The port §v0u1d also be connected to a second, high pressure
- line having a checkvalve which would only allow high pressure water to flow into
the high pressure line from the port.
[0032] Accordingly, water pump 10 operates as follows. For demonstrative
purposes, pump 10 will be described in an initial condition with the pistons 24, 47
of the cylinders being positioned at the first end of each respective cylinder 22, 46,
s shown in Fig. 1. In that condition the chamber 36 is filled with hydraulic fluid
and the chamber 56 of the water cylinder is filled with water.
[0033] As described above, both cylinders are of substantially the same length and
have substantially the same stroke, with the pistons being positioned in -

substantially the same positions throughout the stroke.




'directly into the port. The port would al so be connected to a second,. high
pressure. |ine having a checkval ve which would only allow high pressure
water to flow into the high pressure line fromthe port. [0032B July 2005
Accordi ngly, water punp 10 operates as foll ows. For denonstrative
purposes, punp 10 will be described in an initial condition with the
pistons 24,47 of the cylinders being pogitioned at the first end of each
respective cylinder 22, 46, as shown in Fig. 1. In that condition the
chanber 36 is filled with hydraulic fluid and the chanber 56 of the water
cylinder is fi Fe Lok I t p nder s
are of subst an@‘ibglql Iﬁ{lt gﬁé@%g@o?{é%g%ﬁéngﬁgvaﬂﬁz\%é gﬁg&gﬁghﬁg{ﬁ% It% ﬁlggggame
stroke, with ttheregliscomsubisativg tpeeply gk pressure igdtemtia nil fimid hydrautic sdne

oot t1 on' sol erith P st P2 B AURg ot e shitiner o | 1
comuni cat i on 34 pRtoRaPkYs for@h t@ﬁﬁﬁﬂiﬂc@})dﬁtébawcbﬁd @idlof tyi@i@eyXihasehy ¢ Ol |

punp 12 to chapber 34 of hydraulic_ cylinder 22. As hydraulic oil fills
chanber 34, plomsmghydmulic of forchamberdoPvi pidhessgend end thoughpdhdf.cH8 of

cylinder 22 thegi&big valvengiahs ﬁﬁg&&lﬁ{ni 21 184 m%@ t he
second end t hrough B’ort 30. ‘ﬁge o) eﬁo@%%gét&g}@%@g?%&ct r?ﬁfam?’fg{turn oi |
forced out chalfirsd BB t6 hydragbioroil rd@rvodr Idort 20 and thus to hydraulic oil
reservoir 14. Movepent. of ., pision 24 in this causes .pi ston 47 of
water oyl i nder ST VoV RGESE iR 2P b RaT saisP ke L Bl SEBORE € nce
connecti ng rodna® K05 HREL &di4a8n tHeWBmP HiFéB0S sindd ¢ohnecting €dd 28 cobhieEge 56,
bet ween piston 47 _and the second end 50 of water cylinder 46, is forced

out of port 5EAPIFHTEH T sisr & chATBYGH, betwes nigion A and4he segombyndte hi gh
pressure wat er,fmye oeePss M HReh 66 otfgyoﬁgg at ﬂ%@@l@&ﬂf@tﬁﬁﬁ?ﬁ‘ﬁﬁé&@d\f@ For
may be e hiFg

exanpl e, the high pressure water I rec via a pressure water
line 60 to at#anifold for discharge through fogging or spray nozzles 61

SUPPIYING Oy 3 Hah hrehshie Sehtel st ieRiuStida boand itEimeh dodinion.

For example, the high pressure water may be directed via a high pressure water line

60 to a manifold for discharge through fogging or spray nozzles 61 supplying
cooled and humidified water droplets to a gas turbine,

[0037] Typically, the spray nozzles are selected to atomize water into droplets
with a mean diameter as low as possible not exceeding 25 microns. The diameters
.of the cylinders 22 and 46 can be selected so that the ratio of their diameters results
in cylinder 46 providing water of the desired pressure to achieve those atomization
characteristics with the nozzles. Using commercially available nozzles this means

cylinder 46 should produce water at a pressure of from 1500 to 4000 psi.

[0038] When piston 26 in hydraulic oil cylinder 22 reaches the opposite end of the
cylinder, i.e., the end of its stroke shown in dotted lines in Fig. 1, the solenoid
valve is actuated by a PLC as described above to redirect the high pressure
hydraulic cil from pump 12 through port valve port 40 to the port 30 of hydraulic
cylinder 22 and into chamber 36. This forces piston 24 back toward its solid line
position at the first end of the cylinder and thereby forces piston 47 in water
cylinder 46 back toward the first end of the water 6y1inder and the position shown
in Fig 1. As this happens oil in chamber 34 returns to reservoir 14 through ports
32, 38 and 20, while water from line 54 is drawn through check valve 62 into




* [0037] Typically, the spray nozzles are selected to atom ze water into
droplets wth a nean dianeter as | ow as possi bl e not exceeding 25 m crons.
The dianmeters of the cylinders 22 and 46 can be sel ected so thalulyedyatio
of their dianeters results in cylinder 46 providing water of the desired
pressure to achi eve those atom zation characteristics with the nozzles.
Using commercially avail abl e nozzles this neans cylinder 46 shoul d produce
water at a pressure of from 1500 to 4000%psi. [0038] Wen piston 26 in
hydraulic oil cylinder 22 reaches the opposite end of the «cylinder, i.e.,
the end of its stroke shown in dotted lines in Fig. 1, the solenoid valve
i s actuated bychinbpGtef cylisder fheaidh lawenrsesswe fhad theasessurp of the glatepr essur e

hydraul i ¢ oil rhr Hgﬁf t 30 of
hydraulic cyl n_eFQggggéévlntg C 5@%%%O%Qk%ﬁ%gﬂgé%éggiﬁg%g (R% B back
toward its sol wtil¢ atrilee sapoginte checkatalvieléd if dlossd todkwelp tie wakee oo Yliei pnchemre and
thereby forces .piston 47 in yl.i nder .4 ck toward the first end of
t he wat er cyIiﬂ@%ﬁlﬁﬁﬁwpﬁ%“$m%WFﬁgﬁ%(ﬁ3’ f@”wgfg§ 1. As this happens oil in
chanber 34 ret [00B%] Inka deCGRYibotimbat $iEOMEnIPY ilBraid@ schdBatdally 80, Whil e

water fromline 54 is drawn through check valve 62 into 18 July 2005 -9
chanber 56 of Eigriereiapainet hydraglic yaisr pysmnsd 81 asdescrbed sbpue. gremned s t he

water punped W&ld@éﬁd%?é?@ﬁfce ﬂfm&ﬁ@ar@hﬁﬂi@@toqﬂcerpﬁﬁs ORRRiS biBodinbACt i ON i N
the prior step, e at the same tine check valve 64 is closed to keep

t he water on tﬁnep}ﬁtcelsgﬁﬁ é7a Qﬁtu@hﬁfdra)lﬂﬁp@mﬁwtﬁmhﬂdﬂ&)m@h‘éﬁmépnﬁm 10gat er
cylinder 46. C: | | ustrated
schematical ly ?rggg}‘—"éggpgng@e 18'39 &HB?‘?&I@@ au‘% s'lttdgl\ré%% ‘Hgml%l? as '
descri bed abovbghameaﬂdwmmgamqsama46byfﬁmdﬁaamdumﬁbrémnsb$kﬁnﬂﬂhgrals are

applied to Iik arts Odl S s, 24 a of the
e aul | ¢ and SEDGH g piskca L% 250 PR e BHRIEE A HOMS SHLtSFitanged 1o
nove in an oppRsp efcﬁvéjdiﬂhﬁgér'c@:@esﬁéﬁiﬂgttbﬁleﬁioﬁﬁ&{‘ﬁm%bn sclifinkintiae 1, Mydraul i c
and water punps 22b 6b of the other Ob. Thus, as seenin Fig. 2

when the pi st opistonsb, %apf@mpdﬂba@mamgwdpﬁb? seconfer oppositgendsiafdheirend of
each respecti orresponding to the position shown in solid
lines in Fig. I\fgpeﬁg’eé &%ﬁ&e&

[0h40] Although, in principal, the system would operate satisfactorily with the

pistons 47a and 47b 180° out of phase and always moving in opposite directions,

preferably, as seen in Figure 2, these pistons are arranged (or controlled through the

PLC and appropriate pressure control devices in the lines supplying hydraulic fluid

to cylinders 22 and 27) to be slightly out of phase so that water from one or both

pistons is always being supplied to the manifold 82. This avoids the drop in water

‘pressure in the manifold that may occur if both pistons reverse directions at

precisely the same time.

= [004,1] In this embodiment, a single hydraulic oil pump 12 and reservoir 14 are
used to supply and receive hydraulic oil to and from pump 10a and 10b. High
pressure oil is sent from pump 12 to two solenoid valves 18a and 18b associated
with pumps 10a and 10b through line 81. Oil is returned from the solenocids 18a
and 18b through the line 8.1. The solenoids 18a and 18b are set to control the
cylinders so they are out of phase; thus one of the pumps 10a or 10b will be
operating its associated water cylinder 46a or 46b to supply h\igh pressure water to

* its associated outlet line 60a or 60b, while the other pump is operating (slightly out

of phase) in the reverse direction to draw water from the supply line 54 into the




pi stons 24b, 47b of punp 10b are positioned at the second or opposite ends
of their respective cylinders. [0040] Although, in principal, the system
woul d operate satisfactorily with the pistons 47a and 47b 1801®mily@bophase
and al ways noving in opposite directions, preferably, as seen in Figure 2,
t hese pistons are arranged (or controlled through the PLC and appropriate
pressure control devices in the lines supplying hydraulic fluid to
cylinders 22 and 27) to be slightly out-18f phase so that water from one or
both pistons is always being supplied to the manifold 82. This avoids the
drop in water ressure in the manifold that may occur if both pistons
reverse direct Feambend6 ofjisasiosiated wates cipder. isecn indimg 2 £ 0w PESUSbodi ment ,

a single hydra 4 ﬁ&éfﬂ and
recei 8e hyér auwa{cep%"?whogg%d#—%r gﬁ:}%ﬁd@@ﬁ M%{/ %edsf{& %m%?%@gﬂgye oil is
sent from punpllnepmssutwﬂhsmmmusnbedm amweﬂﬁ&snaopﬂrmﬁsuram&icaanﬂylhlgw th punps.
10a and 10b throu h Jl.ine retur the s a and
190 throvan t nas st gl il e SRS Tng WHR VAP R SRR RS RRE T (T he

cylinders so thﬁy;yaﬁ@rout of phase; thus one of the punps 10a or 10b will

be operating its_associated water | i nder_ 46a or 46b to suppl¥ hi gh
pressure water 140421 Weter qutleblines PlﬁmTol fvan 3 ginsls CupBLinegr mMagifylde " ot her

punp is operat Bﬁ‘glaﬂs%bbﬁhl%ttﬁé’hl ressfe vRBRAEthe bﬂpBﬁﬁvé @dbﬁﬁ%ﬁ)g%ﬂhﬁ%ﬁiﬂé@n to draw
water fromthe supp}/ I ne Into the 18 July nber 56 of its
ng

associ at ed wat &his dip¢ Inglides a IASh W@teirprcsamﬂsgmleorzse@sor Swwhick mooitass thaat er swi t ch
or sensor 79 'ﬁ@ﬁﬁ?%h%&ﬂ;b@g%ﬁ@ﬁ%ﬁ?é&@ﬁ%%ﬁ&é9mﬂ?&@§%&ﬂ£%ﬁw&ﬁter supplx

| i ne pressure sensor ure tha pressure is
sufficiently hDgiﬂpreﬂﬂretoOndluﬁnsd heayiré fatreosmbodinhdne thisvhat benelinear meqsmby li ne

608 and 60b | of Gt RLUSPR PGP P E PREFEY B PEB thar suppl f es
the high pressuf@miBéeio thOPLORLRY JOMSE botBoLAPply T ofl B0GE REdrARZZ! €s.  This
I|ne i ncl udes a high water pressure switch or sensor 85 ich monitors the
: cylinder in a manner to keep the pressure in line 85 at the desired constant level.

This produces a constant, steady stream of high pressure water emanating from the

overall purnp.

[0043] In a third embodiment of the present invention, as illustrated in Figure 3,a

. pair of water purps 10a, 10b similarly arranged to the second embodiment are

provided; here again like numerals are used to designate like parts. However, in

this case water cylinders 46a and 46b are double acting cylinders closed at both

énds so that their pistons 47a, 47b define two water chambers 56a, 84a and 56b,

84b on opposite sides thereof respectively. In addition, instead of the ports 50, 58

being located at one end of the water cylinder (as shown in Figure 1), separate

potts 86, 88 are located at opposite ends of each cylinder respectively

communicating with chambers 56, 84. Each of these poris is connected by a line

89, 90 through check valves 64 to high pressure water lines 60a, 60b, which join to

direct high pressure water through manifold 80 to the fogging nozzles. The ports

86, 88 are also connected to the low pressure water supply line 54 by check valves

62 positioned in manifolds 92 which connect lines 89, 90. This allows water to

flow into the cylinder from the low pressure line only, and water to flow out of the

cylinder into the high pressure water line only.




"pressure in the supply line and the output of the water cylinder to prevent
overpressure conditions. In a preferred enbodinent this nmay be a |inear
pressure -sensor which may be used to nonitor the output water1®ids2008 and
supply that information to the PLC which will then control supply of oi

to the hydraulic cylinder in a manner to keep the pressure in line 85 at

the desired constant level. This produces a constant, steady stream of
hi gh pressure water emanating fromthe=1dverall punp. [0043]. In a third
enbodi nent of the present invention, as illustrated in Figure 3, a pair of

wat er punps 10a, 10b simlarly arranged to the second enbodi nent are
provi ded; her e[08d4k Acpqrdiaeli, irdiedhisd epbodipsent, high presstigrvetes 19 PR\ s
However, in tyis «case hnge 400, ting
cylinders cl osec}ﬁgta%of%\@&%ﬁé%y‘lé%ﬂgﬁé%’t eltg&glfgstor@%%{%%@o%gfi ne two
wat er chanber s Th@atwiselthe aoldms 60high grtsumwappepioviedi des t her eof

respectively. , di t4on, Jnstead.of the ports 58 bei.n ocated at

one end of thef({zﬁﬁg‘sw E%@Pfsﬁaggg%a%@ﬁedﬁ@ﬁﬁ&%ﬁ‘f fm%ﬁg?lgtc%’t%orts 86,

88 are | ocat edmattiptipdaxsdebieedsn it afy Rawilae ybiume of high ffeesid Watkymay be

comuni cating wth Qa ers 56, 84. Each of these port%g{/s conpected by a
f tﬁlﬁa‘i X

line 89, 90 t a) APRreriginper pfaddpiional piymps YT PUPPREs 60a, 60D,

which.join to ggidhRct high pressure water through manifold 80 to the
foggi ng nozzles. The ports 86, 88 are also connected to the |ow pressure
wat er supply | [046l5In asidition éxcthe olavo.dhe sysempyfdha preseaidnyentiombasites abilitg2 whi ch

connect |ines i . £ . } er fromthe
| ow pressure | %ﬁ%fl%%ﬂ%/%?%ﬁlg%%ﬁf%ﬁ%év& %e:?ttﬁ)é(l)\%‘& {%{?gmtugﬁlg ?é{n%fle‘@ into the

hi gh pressure foststages with infinkty modBatibnl bgtvRe0 Stages] Thi S0zbd carboaeatedigd vy, in the
third enbodi ment. [ ess wat er i rovi ded. o bot.h st.rokes of each
water oyl i nder o BE Fith e BPTisp d dorievadi St PLRBL BRS¢ w ce
the volume of RingHde By erlIEg RS RinbeSofo@MeRed. FilE4dfusiifnidichd bd@adender st ood
by those skilled in the art this arrangenent can be nultiplied as desired

so that any paP¥ Y&lingfhepsiseeosputhpifhe Bydsanigpampehish wilhasey vary the
' volume of water supplied in each stage. This can be done by using a programmable
logic controller and appropriate temperature sensors to determine the differences in
wet bulb temperature and dry bulb temperature of the inlet air so that the amount of
moisture needed to saturate the inlet air can be calculated and used by the PLC to
control oil pressure or, stroke length or the speed of a stroke. For example, once
the PLC calculates the amount of water required to be supplied to the turbine, it
selects the number of stages to be operated which is at least one greater than
required. It then monitors the output water pressure in line 80 through a linear
pressure transducer or the like and adjusts the pressure of oil supplied to the
hydraulic cylinders through proportional control devices so the resulting water
. output pressure in line 80 produces the required water flow rate. Thus the pressure
and volume of the water ejected from the pump attains predetermined values.
[0047] Use of several hydraulic oil pumps with the water pumps set according to
the present invention may also be used in combination with a recirculating/cooling
pump system 100 as shown in Figure 4, so that heated oil returned to the reservoir
may be cooled. Thus oil from the reservoir 14 is drawn by a pump 101 through a
coil 102 where a fan 104 circulates cool air over the coil to cool the oil therein

‘before it returns to the reservoir through a check value 106. Otherwise the system




‘ obt ai ned by addi ng an appropriate nunber of additional punps and/or punping
systens. [0046] In addition to the above, the system of the present
invention has.the ability to infinitely vary the anount of wat&dulyagged
into the air streamusing relatively few stages with infinite nodul ation
bet ween stages. The stages can be created by using shutoff valves with the
nozzles so that a coarse adjustment of hymidification is made by
controlling the nunber of nozzles used. Finer adjustnments can be made by
varying the pressure outputs of the hydraulic punp which will thereby vary
the vol ume Of?ﬁ‘@ﬁ 4%3%Hé’l~.anfe s'tﬁhtgﬁﬁ%ur%tsa&@e 1§s%8wﬁ%1§$%{é%hgty using a
progr ammabl e cC contro a propr| enper ure sensors to
det erm ne t he giedtéreiemiiced usas mu\hydrwic@ummamw«ae setndf pistymsbmlih likenper at ure
of the inlet air t hat the.anpu needed to spaturate the
inlet air can B 5@? TeRTesge QE%IP @qu’i'éﬁﬁ%‘@et%ts °g3‘ﬁ'i°f1% i| pressure
or, stroke | engtfr8ly tetpeoRaadoObutdf phdsekfh el otkotampl e, once the PLC
cal cul ates the ampunt of water required to be supplied to the turbine, it
sel ects the nuiBddl Hie systaed the@rmntw@ﬂ’a@lbhﬁsmméwwﬁ advantagesa dtallows gr eat er
L ot ehse b ol ARPY:Akfie HipRUARI I BlardES Bhfipd skl OO
e an e

through a I|near pressure’ transducer pressure
of oil suppli a]hdtcoolbﬂsem alhligh apdedmo&;dglsmlanmmﬁgm@hrdpnammistas@nal cont rol

devi ces so the resultin ut put, re in line.80 produce the
requi red water' ’?‘F‘Ed;l\?"?tﬁtt’gcg\‘gﬂ Ofr%é Eg{?r %ﬁﬁ’dwi’?tﬁ‘i Wniﬁc’){ﬁﬂ FIHAT
ej ected from tlﬂ%eﬁhhﬁﬂimigtdyﬁhd{his ﬂaéﬁglﬁe@r Thé St ha@Sa hibkd4dibrakleto @batS ever al

hydraul ic oil punps with the water punps set according to the present
i nvention may tldep %Sﬂs‘f’é‘d?ﬁﬁ-clf@ﬂﬁi%ébﬁo@gh pietsHregeliedvplve| at i ng/ cool i ng-

punp system 1 Fi o the
reservoir 39 % \?E@Y‘%eés% dogﬁ]&% %Slg%gst #y%oeng}g%{c/ﬁﬁ}’ Qéﬁdag 13?1%&% y a punp
101 t hrough a conmollmetﬁxﬂis@tessereaeﬁej‘;puhﬁ)@peedrmtr@lt emedypelpuaips, unicadinghe coi |

to cool the oil therein. before turns to he reservoir through a check
Vel e 106, ot HEPRGI e gt Suirifey S it bbbty ot ST Phe s e

as that of Fi tifiRr #aRXERPAtink PRssiirbs thit 2P YRYMirddFoSiipRIVea ater atomization

with a simple change to cylinder bore ratios.

{0050] Using the system of the present invention monitoring of water flow rate
can be done accurately and in a low cost manner without the use of complicated

- flow measurement apparatus, simply by monitoring the cylinder stroke rate or
stroke time. This is important since flow rate must be measured in order to insure
that atomizing nozzles have not plugged (causing a reduction in water flow and a
loss of atomizing efficiency) or that integrity on the manifolds and atomizing heads
are intact (a leak is indicated by an increase in flow rate above design). As the
pumping cylinder is a positive displacement device, water flow is easily measured.
In prior art devices, the flow is measured either through a flow measurement
device which has a level of inaccuracy and must be composed of materials which
are not subject to detrimental effects upon exposure to de-ionized water. In other
systems water pump speed is adjusted in order to maintain the appropriate water
flow and pressure. Pump wear and the resulting seal leaks will cause a discrepancy

between the calculated flow rates based on pump speed and the actual flow rate.




*greater detail and uses two hydraulic punps 12 and three sets of pistons,
with like nunerals representing |like parts. In addition the three sets of
pistons will preferably be operated 120 out of phase w th each§ dilheo0s
[0048] The system of the present invention has nunerous advantages. |t
allows use of commercially available reliable and | ow cost hydraulic oi
punps, reservoirs and coolers in all high speed noving systens using
standard materials as de- ionized water-1Bs contained only in piping to and
fromwater punping cylinders and in the punping cylinders thenselves. The
systens have a hi gher tolerance to heat buildup caused all by

re-circul ation [Qﬁﬁ b fiphlly vathgbe presest inwdntion theaxater ftea0is complsiclpisesisdr e
control is eas r r control

met hods (pr essure rePgH# ol gﬁ' Jélg%d%'hﬁ% ‘%]% 9018& Meﬁ%%thwnag% unl oadi ng
type punps etcc¢ﬁmmmmﬁmMU|red Further t he systen1has the ability to
Create even @?gﬂ1 ter, o eratin ressur, . hat, ar uired for

i nproved wat er V?Prf” 05 q0f mpdificaiions of ‘éﬁn{“&“‘é’ﬁ"l? BHHdP e ratios.
[0050] Using t ARsSksiledth His drivhieP bREMNudy D @ dpplicatBA] TR inventh ivadter fl ow
rate can be done accurately and in a |l ow cost manner w thout the use of
conplicated f I liveitederespbin sebfophinthe Sllowingsiaimpy nonitoring the cylinder
stroke rate or stroke tine. This is inportant since flow rate nust be
measured in order to insure that atom zing nozzles have not plugged
(causing a reduction in water flow and a |oss of atom zing efficiency) or
that integrity on the manifolds and atom zing heads are intact (a leak is
i ndicated by an increase in flow rate above design). As the punping
cylinder is a positive displacenent device, water flowis easily neasured.
In prior art devices, the flowis nmeasured either through a flow

measur enment device which has a | evel of inaccuracy and nust be conposed of
materials which are not subject to detrinmental effects upon exposure to
de-ionized water. In other systens water punp speed is adjusted in order
to maintain the appropriate water flow and pressure. Punp wear and the
resulting seal leaks will cause a discrepancy between the cal cul ated flow.
rates based on punp speed and the actual flowrate. 18 July 2005




+-13'[ 00511 Finally, with the present invention the water systemis .
~conpletely isolated fromthe notive oil by using joined cylinders and

avoi ds inadvertent water contam nation: [0052] O her variati oh$hdnpdoos

nmodi fications of this invention will be apparent to those skilled in this
art after careful study of this application. This invention is not to be
limted except as set forth in the following clainms. 18 July 2005 -14 \What
is Claimed is: 1. A high pressure waterldanp for supplying high pressure
water for atom zation in the inlet streamof a gas turbine engine
conprising at | east one hydraulic cylinder containing a piston secured to
a piston rod e¥behdCGlaimed 5m the hydraulic cylinder and defining within the

hydraulic cylipnder fjg pg1 I ! > posite sides
t her eof rreansEl'f or s%'n%%tp?é\%%%gtgp ﬁg&%mﬁl&uh%%@mﬁ%rﬁ%rg%sure

al t ernat el y t oatemizdtitnyigrtlxinlet stchamif e gas tbideengint easprisingat leagiroaen  t he
opposi te chanbgr, t her to reciprocate sai iston ro and at .l east one
waber oyl 1 naeRarig GGt o hBEEn Sty Polof fod SaraBESeRe ot e

pi ston rod f orhydmitie ¥phidet HEY RBALY withid tekefidrdulig cAlindbe@stan@8&ohd Ui d chanber

in the cyli nde£ on_the side of thereof ogfgosite the piston rod; _and check
val ve means i ni¥draplig charghers on Qpaesits sidgs thereals mgans| foy sqleeBhbuprly e o) | owi ng

water to ent eryldaenigh aRbGke alfehflyPio YAH BY A BEmYheRnidRIRlN GEbR  he
wat er cylinder is noved by the Hhydraulic cylinder in a direction which
enl ar ges t he vk gnrosid chamber theichly toienitresate saiftpiston rodsangdet lepst PROWRIEhe | ui d

chanber at hig I | . 2 er to the
chanber, when %&%@ﬁ%ﬁ%ﬁﬁocﬁn% %%Iegag#] éeélhtgg fhl(%%eg“e%egl&sed ?roolt\gghﬁ%)gfm%}e hydraul i c
cylinder in a sioveshnt thareivith bndldefimegaekeadt bae fhall ghambet insthe cylinteroa the hanber .
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for communication with said fluid chamber for allowing water to enter the chamber

from a water source when the piston in the water cylinder is moved by the
hydraulic cylinder in a direction which enlarges the volume of the fluid chamber
and forces water from the fluid chamber at high pressure, while shutting off the

. supply of water to the chamber, when the piston in the water cylinder is moved by
the hydraulic cylinder in a direction that decreases the volume of said fluid

chamber,

2. The pump as defined in Claim 1 wherein said means for supplying oil
under high pressure composes a hydraulic oil pump and control valve means for
- alternating supply and release of oil to the opposing chambers of said hydraulic

cylinder. .

3. The pump as defined in Claim 1 wherein said at least one hydraulic
cylinder comprises at least two hydraulic cylinders each of which contains a piston
secured fo a separate pistoﬁ rod extending from its assoctated hydraulic cylinder
and defining first and second hydraulic chambers on opposite sides thereof, and
said at least one water cylinder comprising at least a pair of water cylinders

respectively associated with said hydraulic cylinders, each including a housing and




“alternating supply and rel ease of oil to the opposing chanbers of said
hydraulic cylinder. 3. The punp as defined in Claiml wherein said at

| east one ‘hydraulic cylinder conprises-at |east two hydraul i c18yihliy2dess
each of which contains a piston secured to a separate piston rod extendi ng
fromits associated hydraulic cylinder and defining first and second
hydraul i ¢ chanbers on opposite sides thereof, and said at | east one water
cylinder conprising at |east a pair of -Water cylinders respectively
associated with said hydraulic cylinders, each including a housing and 18
July 2005 -15 a piston secured to the piston rod of its associated

hydraul i ¢ cyl i qpiston sepuradde Bigwiston rod of s dssasiated hygwuligekipdedorqasvensat in O aim
3 wherein the gi s in said water cylinders each define at |east one
chanber in the cylinder on the side thereof opposite the piston and said
means for supplying oil under high pressure includes control valve neans

for supplying high essure qid alternatiyvely and  siunultaneously to the
first chanber Jg‘f ongthfPW§sﬁ§fEF§m¢%‘%§W¥'ﬁ8§% e%ﬁﬁ“ﬁﬂé““%‘@ﬁ%nd chanber of
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have two fluid chanbers formed therern on opposite sides of the piston and
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i'n response t oretipecaed ewtwiiphrade witleeaph sthets in the water cylinders. 7. The
punp as defined in Claim3 wherein the pistons in said water cylinders
each define at |east one chanber in the cylinder on the side thereof

' 5. - The pump as defined in Claim 4 wherein said associated hydraulic and

water cylinders are positioned in axial alignment.

6. The pump as defined in Claim 5 wherein said water cylinders have two
‘fluid chambers formed therein on opposite sides of the piston and said check valve
means comprizse pairs of check valves in fluid communication with each of said
fluid chambers for alternatively allowing water to enter the chamber or be expelled
there from under high pressure in response to the movement of the pistons in the

water cylinders.

7. The pump as defined in Claim 3 wherein the pistons in said water
cylinders each define at least one chamber in the cylinder on the side thereof

- opposite the piston and said means for supplying oil under high pressure includes
means for controlling the supply of oil to operate said hydfaulic cylinders

-synchronously in a predetermined phase or velocity relationship.

8. A water pump for supplying high pressure water comprising at least one
“hydraulic cylinder including a piston defining within the hydraulic cylinder first
and second hydrautic chamber on opposite sides thereof, means for selectively

supplying oil under high pressure alternatively to said hydraulic chambers while



" opposite the piston and said neans for supplying oil under high pressure
includes. means for controlling the supply of oil to operate said hydraulic
cylinders ~ synchronously in a predeternined. phase or vel ocity i&hay00&hi p.
8. A water punp for supplying high pressure water conprising at |east one
hydraulic cylinder including a piston defining within the hydraulic
cylinder first and second hydraulic chagber on opposite sides thereof,
means for selectively supplying oil under high pressure alternatively to
sai d hydraulic chanbers while 18 July 2005 -16 releasing oil fromthe
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oi I. under CO val ve
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"said at | east ope h dr,alg! lﬁha{ﬂﬁl i nder conprises at |least two hydraulic
cylinders each® e t&PRY- a piston defining first and second
hydraul i ¢ chanbers on opposite sides thereof, and said at |east one water
cylinder conprising at |least a pair of water cylinders res?ectl vel y

associ ated w th sai dhopempes defined/in Glajay & whereiaisaidmedansifon gupplyiegeil ng and a

piston ther e'urﬂder high pressure composes a hydraulic oil pump and control valve means for

-

altematingr supply and release of oil to the opposing chambers of said hydraulic
cylinder.

10. The pump as defined in Claim 8 wherein said at least one hydraulic
cylinder comprises at least two hydraulic cylinders each of which contains a piston
defining first and second hydraulic chambers on opposite sides thereof, and said at
least one water cylinder comprising at least a pair of water cylinders respectively
associated with said hydraulic cylinders, each including a housing and a piston

therein.

'~ 11.°  The pump as defined in Claim 10 wherein the pistons in said water
cylinders each define at least one chamber in the Water cylinder on the side thereof
opposite the piston and said means for supplying oil under high pressure includes
control valve means for supplying high pressure oil aliernatively and
simultaneously to the first chamber of one of the hydraulic cylinders and the
second chamber of the other hydraulic cylinder whereby the piston rods are

reciprocated out of phrase with each other.




"11. The -punp as defined in daim 10 wherein the pistons in said water
cylinders each define at | east one chanber in the water cylinder on the

si de thereof —opposite the piston and said nmeans for supplyi ngl®ihly2eder

hi gh pressure includes control valve nmeans for supplying high pressure oi
alternatively and sinultaneously to the first chanber of one of the
hydraulic cylinders and the second changber of the other hydraulic cylinder
whereby the piston rods are reciprocated out of phrase with each other. 18
July 2005 -17 12. The punp as defined in Caim1l0 wherein the pistons in
sai d water cyjo nderhepamp a8 @drinB@irPtlaint fFPHh QB I ANBRY inlslidWARrCY! | nder on
the side thereof opposite the piston and said neans for supplying oi

under hi gh pr eykogess mbldaﬂr@@tIeﬁﬁ@ngchambewrthermlmﬂwgmtwlwbgmty of oil to

operate Sai d_ gt gl pibth LFRI Sinet RS DAAANE b uldbe RighbRlSkerilulge Phase or

velocity rela
means for controlling the supply of oil fo operate said hydraulic cylinders

synchronously in a predetermined phase or velocity relationship.






