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€7, (57) Abstract: A high-pressure water pump for supplying high pressure water for atomization in the inlet stream of a gas turbine
\O is disclosed which includes at least one hydraulic cylinder containing a piston secured to a piston rod extending from the hydranlic
cylinder and defining within the hydraulic cylinder first and second hydraulic chambers on opposite sides thereof, hydraulic oil pump
and solenoid valve 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 valves 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 eylinder in a direction that decreases the volume of said fluid chamber.
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' [0002] Existing fogging systens for evaporative coolers utilize crankshaft
based reciprocating piston or gear type water punps to create high
pressure water (1500 to 3000 psi) which is atom zed by known i®duls 2005
fogging nozzles in the inlet airstreamof a gas turbine to cool the inlet
air. High pressure water is required to achieve the snmall droplet sizes

" needed to insure that the droplets conpletely evaporate prior to their
entrance into the turbine inlet. [0003] In gas turbine fogging systens it
is conmon to use de-ionized water to prevent mneral contam nation
downstream and on turbine parts; thus all coated conponents, including the
punp, must be of stainless steel and exotic seal materials. This type of
equi pnent calls for mai ntenance on weekly intervals. Mreover, only a
limted nunber of suppliers produce reliable high pressure de 18 July 2005
-2 ionized water punps. Due to this |imted supply and the nature of the
materials required to make these punps they are quite expensive. [0004]
Moreover, with the prior art punping systens, in order to achieve vol une
control, pressure relief valves are used to redirect water back to the
punp. This causes heating of the water which reduces its evaporative
efficiency and i ncreases punp wear. [0005] For |arge systens, and in order
to vary the water volune, several punpsiare required and the water not
used i Mmediately will be recirculated fromthe pressure side of the punp(s)
back to the punp inlet. To have several punps providing a required vol une
of high pressure water plus control qg@ﬂénisns adds further to the water
tenperature, since sone of the energy driving the punp inevitably gets
added to the water. The water tenperature will thus rise well above the wet
bulb tenperature, further 8@@@&1 i P@@ﬁﬂf%ﬁﬁkg ficiency of the water
SUMMARY OF THE I NVENTION [O ﬁﬁﬂg 2 n presents new and
uni que net hods and apparatus for providing a __constant high pressure water

streamto the atonizing sprB)CRERIAD QEHE BYVENEIYY at i ve cool i ng of

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-




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
wat er punp for supplying high pressure water for atom zation i ngukle 2008 et
stream of a gas turbine engine conprising at |east one hydraulic cylinder
containing a piston secured to a piston rod extending fromthe hydraulic
cylinder and defining within the hydragulic cylinder first and second
hydraul i c chanbers-on opposite sides thereof, nmeans for selectively

supp! yonirgdoater prutes. Dhiedthiginised mupplapnd the apraofithe maeralhedrised fognakhanber s
whi |l e o) opposi te chanber thereby to reciprocate said
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cyl i ndR05] Fordarge pystamsend in ioEdsT fosaraing dkter Helups) ﬁﬁﬁ%rald:rwlm%@rerrﬁﬂﬁltf @RaMSer and
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the supply of water to"the chanb when t piston in the water cylinder
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a second aspect resent vention, here s
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cylinder incl LD the hydraulic cylinder first
o s Eetmstrorbt RorBistiadls cbfing BT DhEuk® oY cor | heans for

sel ectively supplying oil under high pressure alternatlvely to said
hydraul i c chanbers while relea |n ol l opposi te chanber thereby
to reciprocate said plston Ug@@ﬁ ]%ggﬁ 3§5ha§ r cylinder including a

pi st opodef TR pieseht ink Gaich Ffee@mtﬁew Q]d%ﬁ{ﬁ@%{etﬂo@s hlPappRaRis 6 )Hrdnﬂ&iﬂga nmeans for

connecting said pistons for sinultaneous nmovenent; and check valve means in
f1uid cwﬁmﬁh@b aresye welicr vireamiteltheatamiziap spre poZzlss U%ﬂd|f@WVﬁgorm‘tee900{l@£ ent er

the c e when the piston in the water cylinder is
e

noved r in a direction which enlarges the vol une of
the f I[QﬂOda]cl]naum:mdamn avithar firssaspert of tHerppesenthiavdnition.dherh anprevidad a ighhprpssessur e,
~while Sp lfltp%ﬁgqblp glep}yri]neg 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.




supply of water to the chanber, when the piston in the water cylinder is
noved by hydraulic cylinder in a direction that decreases the vol une of
said fluid chanber. [0007] In an exanpl e enbodi nent, a hydraul I8 Jgdu@p05
systemis provided with a variable stroke, axial piston punp (or other
vari abl e vol ume punp) which supplies a high pressure oil flowto drive one
or nore hydraulic cylinders which inyfurn drive pistons in one or nore
water cylinders to pressurize water and supply it to the spray or fogging
nozzl es. [0008] The water cylinders may be of single or double acting type
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ambi ent air I'n atom zing spray evaporative cooling systens used to
I pr O\ﬁfstdhﬂﬁlﬁﬂat('op&ﬁeman&ﬁé vaIUMBIp0fP) which supplies a high pressure oil flow to drive one-or

" more hydraulic cylinders which in turn drive pistons in one or more water cylinders to pressurize
water and supply it to the spray or fogging nozzles.
[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 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.




t he amount of water to be sprayed into the air nmust be tightly regulated in
order to achieve maximumefficiency. First the air tenperature, humdity
and baronetric pressure are neasured. Second the saturation widBduly@6ifent
of air at the neasured tenperature and pressure is calculated by known
means. The difference between the anbient hum dity and the saturation
~humidity is the maxi rum anount of wai-er whi ch may be evaporated into the
air stream As a result, the flow of water nust be set as close to this

val ue as possible in order to achieve the maxi mum cooling and thus maxi mum

i ncrea i.n turbine output performance. Alternately, additional water may
be addan o1 poteadinmags Sidasbrmb v s R SHECERHNT RETIGE t ho
turbine. In either the precise . amunt. of water ta be added. is
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hydraulic oil lines, punp speed control, or pressure relief control,
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and durability significantly inproved, but cost of conponents is
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val ve, and a se ort arrange Jacent a secon I nder in
flul d geFmyieahikon With a second port of the solenoid valve. The

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




solenoid valve is in fluid communication with the high pressure line of a
hydraulic oil punp and a return |line of said hydraulic oil punp. The punp
according to this aspect of the exanpl e enbodi nents al so i ncl ud&suls 20085 st
wat er 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 #4rst end of the water cylinder. In one
exanpl e enbodi nent the water cylinder is a single action cylinder having a
first port arranged adjacent the first end of the water cylinder in fluid
communi cation wiith a first check valve for allow ng | ow pressure water to
ent er Sbfﬁ@néypwﬁm tuning ofjthg Wi Slow thigyghadivement.of Eheﬁ‘gj’f‘t"cm’é??ﬂlf%sé’}’h}@ onnect ed
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invention; [0018] Fig. 2 is a schematic view of a second enbodi nent of a
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Fig. 3 is a schematic view of a third enbodi ment of a hydraulic water punp
syst ergeagrator dichidest aofitshiydpulis eih eylinderlmyvingrs: pistoriafdyoRohedting roddhavinga firsthemat i ¢
view of the present_invention illustrating the use of a

cool i A pachedio)oxe isidg optigpistay coollng hydraulic oil stored in a hydraulic

oil reservoir, TAI LED | PTI ON OF THE PRE D CDI MENTS [ 0021]
Fi gur ECPH“I}CBE‘E%% h&E?PF%CP“ ?fﬁdﬂ?fﬁmgfaﬁ éP ﬂ.&fﬁggﬁﬁf@@ punp 10

The hydraulic cylinder also includes a first port arranged adjacent the first end of the cylinder in

fluid communication with a first port of a solenoid valve, and a second port arranged adjacent a
second end of the cylinder in fluid communication with a second port of the solenoid valve. The

- solenoid valve is in fluid communication with the high pressure line of a hydraulic oil pump and a
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.




raccording to the present invention and is the basis for each of the other
enbodi nents descri bed bel ow. [0022] Hi gh pressure punp 10 includes a
conventional hydraulic oil punp 12 -which receives or draws hyd8 duly2605i |
froma hydraulic.oil reservoir 14, and punps it at high pressure to a
first port 16 on a hydraulic control valve 18 which preferably is a
two-way sol enoid valve. Ol is returned 40 reservoir 14 through valve 18
and its second or return port 20. [0023]" Punp 10 al so includes a hydraulic
cylinder 22 which consists of a cylindrical housing having a piston 24

posi ti oned th%ﬂE@-Dﬁ}@g@Tﬁﬁﬁ@ﬁﬁ[ﬁwﬁﬂﬁ@ any conventional manner on
0 an en 0

one side 25t a connecting or piston rod 28 that passes out
of the end 29 {0017 dig. Inig a2éhen{aB0 2}y dfy diraeinbedimeht qfaydihilieraytorpundp

conventi onal cor}struct‘il_]]ign i hcl udi ng] atF%_ropri ate filtration and control
mechani sms t o PP oaIEE” %FP%?B’?%W VBH°"at  bet ween 500 to 3000 psi through
its supply ||r[ﬂﬂﬂsif-Fié.%ﬁﬁ]sct@ﬁati@@ﬁﬁv_d’f@‘dédeﬁ&eﬁ%dﬁ%@ﬁt@@i denficwatly, 32 for

receiving and/or expelling_hydraulic oil fromthe chanbers 34, 36 on
opposi t e si dePugm system@acapding fp the piseas iventiont he act uati on of sol enoi d val ve

18. 18 July 2 . ] : LC.rQlal. 4 [ I i.d val ve 18
fromport 16 ?@3’109 IL? 1%19301 ? %emﬂ%%f‘l?gieg(ffg rdoe?]nbgfj{rﬁ%? Sgan}%ydgﬁ%ﬁ%?égul iC '
cyl i nder 22 bameg sygen atdvediag tatliepesent positionpandof t he piston 24. That is,

once piston 2 feached the end of a stroke, . fqr exanple, as, shown in -
Figure 1, sol 3!@3% esea%éemgtwava%a&a%en&ww psiatingtie e Hart 38 and
thereby all OWé&bﬁ@r@éi?c‘i&iﬁ’hﬁpﬁﬂlﬂ!f&%blﬁlgﬁiyhrahﬁc bill YteliGh £ fcod driving
pi ston 24 and rod 28 to thé right. As high pressure hydraulic oil flows

into chanber r8#rv®fdraul ic oil in chanber 36 is forced out of the cylinder

by the advancing piston via port 30 to the port 40 on valve 18 and returns

to a hydraulic
: 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.




"oil 'reservoir via solenoid valve port 20. Wen piston 24 reaches the end of
its stroke to the right (shown in dotted |lines) valve 18 is actuated to
~connect port 16 to port 40 and port 20-to port 38 so the flowl®Julpl2003 0
and fromcylinder 22 is reversed. The operation of the control valve 18
Wi th respect to the position of piston 24 is acconplished in any

conveni ent manner as woul d be apparent to those skilled in the art such
as, for exanple, by an electronic tiner 'ép‘par atus, appropriate electronic
'sensors, or a progranmable logic controller (PLC). [00271 The end 42 of

pi ston rod 28 which protrudes from hydraulic. cylinder 22 ente one end 44
of a water cyl 30 I%@Faul’ﬁé’ll\)&a‘é‘H’rCteéWPﬂdeﬂﬁy ' Eorbflg{od%‘fe&étiet her ei n
connected on a f4rk3b, ﬁ'dﬁ_eeii_ﬂgteh@%fﬁﬁ%mﬁi@cﬁﬁ@exeﬂq)a%@Bn%ﬂé%tr&tes&on_ rod 28.

Water cylinder 46 is positioned in-line,” along a central axis, with
hydraul i c oi | Ropitiongethe pitongdt Fhattie opteishon 25 has aeaphasihs endef a2 pladkisg

positioned in s | . t e I ' yl i nder.
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the other is subpbals kad thyrebyleliiw kigh pesutetiydstiiotitto fofw pickimirer34 i n
hydraulic cylinder 22. Thus | ston 24.0f hydraulic.oil . cylinder 22
is |ocated at t “f%@%?n%ﬁﬁid&\fg@?%é’%‘@#&ugf Elgﬁyfﬁ\éﬂﬂ%#y‘fé%mg RERS™F i g, 1,
pi ston 47 in waihemb&\sibydanlidé] inshiMsaBe t faiced 61t of thercoBpientli thg first end of

that cylinder as well. 100281 The opposite or sgcond end 5 f water
cyl i nder 46 hastd¥ageinegstjbyip perp30 fodhgrat 4008 vs 1 &Pde‘é‘BEﬂ?iag’éj %r froma

| ow pressure soyf et Al edlerdidHilRl pbrt 201 ek Pistoh!ds rRh& thé éradfpan into the
chanber 56 of cylinder 46 when its piston 47" is pulled away fromthe end

50 as pi ston 2d4stioke iedhetight (showh irsdotfiod tieas) valyeel §is a¢tudteshtorgnpeli pprideds -7 in

Fig. 1 toits solid lin | L]0 ter l.vsel I%p% ter may
enter the portp y&paglg §%rag§°pé°5t\c/)‘;’l% e?‘l‘ebfgo“{]ﬁ%mlv?g?}{edr frés?%ﬁ&l(rl:]% 18%&84}31'3 ie end 50
of water cyli ndEte opéeatibrast the SmeonalvedBtwithaesppaticd thapbstiod ofgiston 24 is

accomplished in any convenient manner as would be apparent to those skilled in

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




‘chanber 56 of cylinder 46 at high pressure as a result of piston 47 pushing
wat er out of the chanber through the second port to a discharge Iine 60
‘when the pi-ston - 24 is noved fromits solid line position in FigJuly 2005its
dotted line_position. [0030] The water supply and discharge |ines 54, 60
each have a one way check valve 62, 64 of conventional construction
respectively located therein to control_swater flow to and from chanber 56
. in response to the pressure of water in the chanber resulting from
novenent of the piston 47. The one-way check valves are arranged such that
checkval ve 62 ; I+at | L f: : : |l ow into
cyl i nder chanﬂgﬁaggtakg%ﬂ%%gﬁgégég%#gﬂﬁﬁﬁﬁﬁz?%hgﬁggﬁﬁﬁS&Fggéyfﬁgﬁm%he
pressure in | ipoat Bdpregsoretpnevidedtby dlut wiaitt sonrcpr essure of the valve, while

checkval ve 64 | at .t h second rt 58 al.lows water only to flow out

of the cyli P08 ofe i“ﬁgo\é%gé%‘fy ngct B iparcod PP’\QI%‘Q‘FJE%h“@F‘“?'H\éh t he

actuati on pressumBerd6 dfleglinget 4Pat highGekblre @k a ERUK 5LpistONE7 gdfsibiﬂg%térn the art

will appreciate that a si n&é?egﬁort  ocated on the end 50 of the cylinder
L

46 al so may beP"igke ke thsvsesRRdingtido o disghpresdinetevhep ghamgied . 1 n such
an arrangenentas ik gead Aghes BIG intQtitlod f OB Bud iR bLiigt, |1 ne having
IS er to onfy tlow &

a checkval ve which would al l ow wa romthe water |ine
directly into O3] pBretwatdisepypand dischbigte dine054h 60 eawhhewt echetwryachsgkcond, hi gh

pressure |ine _havin checkval ve i.ch woul d I |] ow high essure
hater o 11 ow fEg> T FRG HaL ST e ep seprb o heren fo sl
Accordi ngly, Wadteifloxdnd GofRBkabeS6as rekfdns@WSthe MREsuftedRS: igthsV e

pur poses, punp 10 will be described in an initial condition with the

pi stons 24, 47 chapbergesuliing;ffpromevasenhef theriFton dhedbaenerwey dheglsyalessareof each
respective cylj.n | | | 1 t he
chanber 36 is ail‘n?;g‘gcfa %%hﬁpcr?%?ag??%%P%%ggwg%ﬁtﬁéﬂg%gﬁ%%ﬁ@%ﬁf@he wat er
cylinder is fifldaveuitonylindesahanber PO 0B8] thapredase i the chaathewis lesbthah tley| | nder s
are of substantiall .he. sa | e h,.and hav ubst anti,ally, the same

2t roke, “with reoieds bR AT ShShEh e R T aietie Pt virteiedine

posi tions thraighiwd witlfsesddes 58 allows water only fo 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.




*18 July 2005 -8 [00341 In this starting position solenoid valve 18 is
actuated to put ports 16 and 38 thereof in communication to supply high
pressure hydraulic oil from hydraulic oifl punp 12 to chanber 38 Jolfy 2005
hydraulic.cylinder 22. As hydraulic oil fills chanmber 34, piston 24 is
forced toward the opposite or second end of cylinder 22 thereby forcing
hydraulic oil from chanber 36 out of thegsecond end through port 30. The
sol enoid valve 18 directs the return oil forced out chamber 36 from port 40
to port 20 and thus to hydraulic oil reservoir 14. [0035] Myvenent of
piston 24 in t t e away
fromend 44 in fﬁb@g@%@%ﬁ&g(yp %1%%19%1%&@%%%22%?%&% og?)&%p%(?tgr%ﬁg%@gyt he two
pi stons. Thus,thwaoiéncommmahmﬁompljbhgh\pessummhdaﬂémmlmdmlmeodnd end 50
of water cylinder t of port,.n8, at high press hr ough
check valve &#™ %ﬁ g‘W‘% “é’gﬂﬁqé{@\%&g&%“%ﬂ@ﬂ‘ﬁ% el?eeét ed to any
i nt ended deStimpistblﬂflfllé:ﬁEceﬁWﬂﬂle b&ﬁhbﬂé’bc&i@éiﬂwfeylmﬂzmaﬁéb e directed
via a high pressure water |ine 60 to mani fold for di SChEa‘é'?% rough

t

foggi ng or sprigjFieoRsiralic gi fephpgpberc6 %‘bﬁﬁth‘ase&ﬁ@%’ém}l@ He dr opI ets
to a gas turbifgnsig Ehsﬁ%@é&&%ké’mmt&‘ﬁ‘o&%@&‘tci&ﬁﬁér% Eﬁpo’iﬂ(ﬁfé?ﬂ

atonm ze water |nto ropl ets a nean di aneter as was pos | e not
exceedi ng 25 rﬁ&mdrﬂglstd'hﬁirdﬂamﬁtrasesvmniffl the cylinders 22 and 46 can be
selected so t rati f. th ianmeters results. in cylinder 46

rovi di ng. vt o903 Vekiottuatn T ol TR sl pigon s Rovatiiimd e

char act eri st i Gfiowl dwhy e @Zaliethe shint BFlectioNBRECIonhddfing Yt 28ddnfediBe| es this
means cylinder 46 sﬁoul d produce water at a pressure of from 1500 to 4000

psi. [0038] WH¥R Ppﬁt%oﬁh%wmr ycpmiber; 30, batweeapistopytl angthe gegendeandiiHe
t d dot t ed
opposi te en QIfﬁ 08 ¢ l‘ﬁ')@ei'wﬁdfordedﬁuto :pgﬁ 599%1%}&1‘ %y %@Eﬁas %!lvé n dotte

lines in Fig. he sol enoi valve s actua escrlbed
above to redirtédt the high pressure

[06036] The high pressure water may then be directed to any intended destination.
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




*hydraulic oil from punp 12 through port valve port 40 to the port 30 .of
hydraulic cylinder 22 and into chanber 36. This forces piston 24 back
toward its solid line position at the first end of the cylinde§ Jundoos

t hereby forces piston 47 in water cylinder 46 back toward the first end of
the water cylinder and the position showmn in Fig 1. As this happens oil in
chanber 34 returns to reservoir 14 through ports 32, 38 and 20, while
water fromline 54 is drawn t hrough check-valve 62 into 18 July 2005 -9
chanber 56 of cylinder 46 at a | ower pressure than the pressure of the

wat er punped out by novenent of the piston on the opposite direction in
the prior stepShampei jeoleylindes46 arpdowenpseseuie trn theipiessigd of degialsted to keep
the water on the. pr ' ' ' [ wat er

cyl i nder 46, [ BUSHEREN fovehdfof EORLBRLEIH: Bfbdfi RreclBlhtho fbedlop ™) 21 o
schemati cal | y while &itigpsame 2imeachpeki valvefo4 is/dosad td keemie evatqy omite tésuras

descri bed above re arr.anged.side _ by sjde.and erein like nunerals are
applied to Ii k%ld?)ﬁ?lfl&le"l?ﬁf%ﬁcf‘gla@ﬁ%rééio?ﬁgﬁ{e,rcyl?lﬁg4\§l{iqstons 24a, 47a of the
hydraul i c and waBer Incy/debsidembodidint ks i@VentiE ilRisHRed Shemaidllpid anged to
nove in an opposite direction fromthe pistons 24b, 47b in the hydraulic
and wat er punpEigpe, a pEhoydraglic BRREPUNG A, ap@pscrt Ve, SreHBAEFIde g 2
when the pi st Opgsidéhhd vikreiRlikdiiRraldfte aﬁltﬁie@aﬁlu&'pﬁﬂ§%%is tABodiltsit end of

each respective cylinder corresponding to the position shown in solid

lines in Fig. thepistas 24, $Toeisholsirauliy pndowatenaypindet22ar €62 one pusmretieat the
second or 0PPOg: bR % Bvd 116h bopd: RERECH Y Foof WG Sab [ 40k Al L hough, i n
SysS wou oper I'S

principal, the € sa ac orlpy Wththe prstons 47a
and-47b 180 ouhyddulip had eatanplimads\ial,st6bofiha gthenpuagpiddi Thugias eh iroFig,,

ferably, in, Fi . th i st troll ed
P hrougn the o2 Bhgh e B AT ATLof a0 e CONRIBH S0 FRLON of Ple | | nea
suppl yi ng hydr gigbeofive dylthdbr c&&sﬁ&%&%@ﬁlﬁ pditidghodfin fdtiddReSiniFahtl pheout of

phase so that water from one or . ] )
pistons 24b, 47b of pump 10b are positioned at the second or opposite ends of their

respective cylinders.

[0040] 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



“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 sane time.-[0041] In this enbodi ne®fiuly2085 ngl e
hydraulic oil punp 12 and reservoir 14 are wused to supply and receive
hydraulic oil to and frompunp 1 Ga and | Ob. High pressure.oil is sent
frompunp 12 to two sol enoid val ves 18a and 18b associated w th punps 10a
and 10b through line 81. Gl is returnedfromthe sol enoids 18a and 18b
through the line 81. The sol enoids 18a and 18b are set to control the
cylinders so they are out of phase; thus one of the punps 10a or 10b w ||
be operating Fhasmbgsshef itstasspeiated svates gylindere Asseen BFigen2 & VR hi gh

pressur e et of uifr obich F3A61 ALEFhoDEd SlonbdPnOORHorBBne Wil Spbite Ot her

punp.is operating (s out ase) 1n the reverse rec nto draw
wat er from t heliseqpisyrel iThe s&oriintwed tdensir8 thitibuppRQ@&ssure 1sufffviantip high6 of its .

aso0c 200,10t g ARl B AT R B PP R 5 1

| i ne pressure. thekglissgdeAsor i s used to ensure that supply pressure is
sufficiently high as to avoid cavitation in the inlet water supply Iine

whi | e wat er i s [1982hWatgr antlst ings §0a andb0byan todarm 2 pingle sptopisingor gRidd " | i nes

60a and 60b j Ok hhPsubPid¥Re RENEEEuR MR bo thi BRpBlatiIBMINRL fheeBe bk, suppl i es
the high pressure water to the evaporative cooling fogging nozzles. This

li ne includes &hiilighingledes a gleweiar pressygl swhichoor seresax &Y wBGh wiehigdrs theni t or s t he
ressure in th | [,nder to prevent
; BNl s RACLE: QAR 0l DEUBRED WLl DCeT 10 0

over pressure c ons. refer be a |inear
pressure sensoverpssaie conditit®. ukechréforredosmbiodimenid thisomayphet a Metrepressuressur e and

cupply Lhet I RLSLIBLION L Lhe PG e L hen con Shsigply of o

the desired copgéraatiod @B PLC which will then control supply of oil 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 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.




" This produces a constant, steady stream of high pressure water enanating
fromthe overall punp. [0043] In a third enbodi mnent of the present
invention, . as illustrated in Figure 3, a pair of water punps 189duly2005
simlarly arranged to the second enbodi nent are provided; here again |like
nunerals are used to designate |ike parts. However, in this case water
cylinders 46a and 46b are double acting cylinders closed at both ends so
that their pistons 47a, 47b define two -#dter chanbers 56a, 84a and 56b,
84b on opposite sides thereof respectively. Jr. addition, instead of the
ports 50, 58 being |ocated at one end of the water cylinder (as shown in
Figure 1), sepHlPdtlAcisdinglygp theghirgerabadiaent.dughnresspis yaiar ds epvdedsm each

cyl i nder respegti A7agial 4 <\ SSr E@&Q of these
pgrts S conﬁeg%%gﬁt%ésgﬁﬁ ne egg{llhg%lyﬁ%%?ﬁlgﬁeck @F&%’é’% 6 hi gh
pressure wat er Thisptgicsiba voledb of hiph plessued wateras poividedt hi gh pressure water

t hrough manifo to.the f i ozzl.es.,.The s 86 8 are al so
connected to ¢ HIFbA S BEme ol By HEE D4 8 Bh frmiigieiiafhes " 5o
posi tioned in phhiplied sisdeSizedab itttbagoaeatar bolnes oBBigh BRssufdwatethdyos wat er to
flowinto the cylinder fromthe | ow pressure line only, and water to fl ow,
out of the cyf’%/tﬂlﬂ by 3fdipechapmPRpteEaher pleaddiions! PEmRBARGIPUIPEE) 4| y 2005

-11 [0044] AccgysiRgly, in the third enbodi ment, high pressure water is
provi ded on both strokes of each water cylinder i.e., in both the forward

and reverse st [§kélsIn additigy to thophorethesysisin gfdhayressnighvention bagitee abiliter i s
rovi ded. [0045]. ' r : ' | o t this
gr r a-ngeman'E ca?%@ﬁmm+ﬁ%?f}ggggg?§%§ﬁog%e i@ﬁ%@kﬁﬁ%ﬁég@g f%%yg vol une of

hi gh pressure foststagesreith bfinitotibédilatée beywead diage. dhe stpges o beadreateribyber of
addi tional punps and/ unpi systens,. [0046] |n addifion._to the above,
The systom of TS sEovve Ry Menbi 68 ke cond adyimiont of tuifatatlof

is'made by controlling the number of nozzles used. Finer adjustments can be made

by varying the pressure outputs of the hydraulic pump which will thereby 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




‘to infinitely vary the amount of water fogged into the air stream using
relatively few stages with infinite nodul ati on between stages. The stages
can be created by using shutoff valves-with the nozzles so th&g Jay@0es se
adj ustment of humdification is made by controlling the nunber of nozzles
used. Finer adjustnents can be nade by varying the pressure outputs of the
hydraul.ic punp which will thereby vary the volune of water supplied in
each stage. This can be done by using a progranmable |ogic controller and
appropriate tenperature sensors to determne the differences in wet bulb

tenperature a : SIRLk t ' . Al e anount of
noi st ure needgﬁt %g'ﬁﬁr}%%e tggﬁﬁgfgﬁ%ig’re&% ﬁﬁ%g&é%héﬁﬁ%%%@% 1'hused by the
PLC to cont r ogreater defailess uses two hydrbulvlpanipe b2yt threetséie oBpicions, efithdikst r oke.
R g 0 N T
which is at Iq&sfera@@ebe%emeanzemnomeakvﬁiﬁ@achldthér.hen noni tors the out put
wat er pressure in line 80 through a linear pressure transducer or the like

and adj usts t hi804H cEhapyetemiof Bieprasem phveation psmpmerony afvantages. dallowder s
o i . _ ; .
through proporfd, 8g§4mp:§%} faﬁ;‘?hvaglﬁﬁeib FRnR Gnd RS ogfﬁyfi{rduﬂg oﬁ'?gﬁ{)srﬁ%g}vpﬁée

pressure in line uces required wa ow ra
pressure and andlcostersad all high saed mogjngcysdnd usinp standagdumgberiels aides

predet er mi ned val ues., [.0047]. e.of several draulic oil s wiith the
Rater pumps. sPREELRE R gornet Ly PRt A Bo: Vil mresp g SYAGES tibd | n
combi nat i on Wi il hedpuinffidgl lih@drd eS| MHe syRieR haySd BiBhek@ble@ficesbava i N
Figure 4, so that heated oil returned to the reservolr may be cool ed. Thus

oi I from the rdldunesupedpldl hygegireipfionthrgugupressusreidvaligh a coil 102 where
a fan 104 cir g r. ' b s ' before
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higher water operating pressures that are required for improved water 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.




nuneral s representing like parts. In addition the three sets of pistans
will preferably be operated 120 out of phase with each other. [0048] The
system of the present invention has nunerous advantages. |t al [®¥dy208% of
comercially available reliable and | ow cost hydraulic oil punps,
reservoirs and coolers in all high speed noving systens using standard
materials as de- ionized water is contained only in piping to and from
wat er punping cylinders and in the pundBng cylinders thenselves. The
systens have a higher tolerance to heat buildup caused all by
re-circulation through pressure relief valves. [0049] Water pressure
control is easiMsihEmely.ywithcherpressnbinygntion thedaied sysidm jsrcemplgiely iseleind r ol

Uype. purp. ot o prsbEisbl PR RRR SRR L NORERIRRRRVRE, | T, 10

create even hegltaningdiner operating pressures that are required for

i nproved wat er i.zation ., wwth a sinple change t.o cyl]Jjnder bore ratios.

[ 0050] Usi g K52 DR B viiptsnd ricBieporn oERS veeHiG L SGGR That or 11 ow
rate can’be dgps AGIdLR R ot ARE cdrBfuPsth QB GRS IppTBAGE" THI ifvertionti§ifotuse of
conplicated flow neasurenent apparatus, sinply by nonitoring the cylinder
stroke rate or tobgtligiked ergapbas sphiorh jinsthe fRlewingflai®i.nce fl ow rate nust be
nmeasured in order to insure that atom zing nozzles have not plugged
(causing a reduction in water flow and a |oss of atomi 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 displacenment device, water flow is easily neasured.
In prior art devices, the flowis nmeasured either through a flow
measurenent device which has a | evel of inaccuracy and nust be conposed of
materials which are not subject to detrinental 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 calculated flow
rates based on punp speed and the actual flow rate.




+ 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] (3 hdy 2005

vari ationsand nodifications 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 clains. 18 July
2005 -14 What is Claimed is: 1. A highlpressure water punp for supplying
hi gh pressure water for atom zation in the inlet streamof a gas turbine
engi ne conprising at | east one hydraulic cylinder containing a piston
secured to a pWdebia Glamedist ending fromthe hydraulic cylinder and defining

wi thin the hydgaul i c, gyhi | .”@pﬂ . [ nbers on
opposite si desi't her e%ﬁé’jhl?epéagﬁ[sre%{ﬁée ec%?@gﬁryﬁ}gshf%y yi ngv%‘lt %under hi gh
pressure alt er samiatior in thainkt Siycdmad b iges wibartregine vhmprsingsdt Eagiong oi | from

t he opposite chapber thereby to reciprocate said is&on r.od,. and at | east
one vater oyl PR CHESEA RIS SRS S (7 Bl 5R SHarE ot ed to t he
pi ston rod f orhydmitie ¥phidet HEY RBALY withid tekefidrdulig cAlindbe@stan@8&ohd Ui d chanber

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

wat er to ent eryidaenigh grEdeike alfeh8sPio WAl BYdrB Al BEnYES RN RIRISE AP EbA  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 ' | . 2 er to the
chanber, when %&%ﬂgﬁ%ﬁ%@ﬁocﬁn% %%legag#] éeélhtgg fh:%%eg“e%eglﬁ\rsed ?roolt\gghﬁ%)gfm%}e hydraul i c
cylinder in a shovenwni tharetvith bndldefmepaekadt bae fhall chamief insthe cylintler o 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,

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




* charber. 2. The punp as defined in Claim1 wherein said neans for supplying
oil under high pressure conposes a hydraulic oil punp and control valve
means for - alternating supply and rel ease of oil to the opposi ngJshaoosrs
of said hydraulic cylinder. 3. The punp as defined in Claiml wherein
said at |east one hydraulic cylinder conprises at |east two hydraulic
cylinders each of which contains a piston secured to a separate piston rod
extending fromits associated hydraulicléylinder and defining first and
second hydraulic chanbers on opposite sides thereof, and said at |east one
wat er cylinder conprising at |east a pair of water cylinders respectively
associ at ed wi t hPiSiRn geqyiedria theipistanpd atiés associatedthyilvqalicylinder doyaersmset and 18
July 2005 ‘15ﬁ%mﬁﬁﬁﬁon secured to the piston rod of its associated
hydraulic cylinder tfor novenent therewith. 4. The punp as defined in Caim
3 wherein the pistons in said water cylinders each define at |east one

chanber in the,cylinder on t si,de.t hereof . asite the piston and said
means for supp?‘yi ng%elpméapgmegw%%éa@grepﬁ@?mgggsmégﬁtﬁg%qr val ve neans
for supplying &itiglerpesblefits Midastant Clhidnidct mehe/cydinder of it sideahaess| y to the

first chanber of aone of, the §%ﬁé$U|i% cylindenim%@d_%ge second chanber of
the other hydr 2RPofiEe TRy Pisiapan eA95 forsupnbyiag ejhundstiieh pressuroigriyisscat ed out
of phrase w t hod6vabidifitens for yflMIEh ASssRloirMEmbivcl) A1dm 4 wherei n sai d

associ ated hydraulic an wat er cylinders are positioned in axial

al i gnnent . 6. simuligneeishate thrtistrhamber ofped ofith: hydeaulic avlinderg apdither cyl i nders
have two fluld GRABDSHS oF B %ﬁ@rﬁ%ﬁ{x@g%ﬁﬂhgﬁ@@%&fgﬁ% sflfi Sodilard N€ PIston and

sai d check val ve nmeans conﬁrlse si1nitlud
comruni cat i on msriptocatad butef peasedvith each other.

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




“flui'd chanbers for alternatively allowi ng water to enter the chanber or be
expell ed. there fromunder high pressure in response to the novenent of the
pistons in the water cylinders. 7. The punp as defined in C ail$rdy2bes ei n
the pistons in said water cylinders each define at | east one chanber in
the cylinder on the side thereof opposite the piston and sai'd neans for
supplying oil under high pressure includgs neans for controlling the
supply of oil to operate said hydraulic cylinders synchronously in a
predet erm ned phase or velocity relationship. 8 A water punp for supplying
hi gh pressure r%ﬁs%{%(ﬁpﬁ@fh'tﬁé SMBodie chBAR: HRADy Y ipRdtatcSaidididtl &hd 4nCl uding a
pi ston defining within the hydraulic cylinder first and second hydraulic
chanber on opdesst one witefewlindee insbidingragusion defmingeit teestione flpid chespbéryi ng oi. |

under high pr e akternat] v to id.hvdraulic chanbers while 18 July
2005 10+ ol GBeMhlr QS Bk RercoRol S HEbR FREBRSH Boviert ocat o
sai fJ pi st on, ?iind cgéckghbnta)meam'ﬁ ﬂuﬁt@mnﬁmidaﬁdeml ﬂ(tj Eai-ﬂﬂdidmgam?@if@t on defining
at | east one uid chanber in the water cylinder, ans for connecting
sai d pistons faélPW&gmt?réﬁ%%thmﬁ&?eh%?mamré%E% A EDIORAR PN £ Ui d

communi cat i on wiidiyBitet isihéVed by BRI BFaufi O8ylindlr iR Wl 8c 1R i LuL8k flle t he
‘chanber froma watér source when the piston in the water cylinder is noved
by the hydr aulvobusyfitheoidid chpnebey anddorceowatahirer thenfluid giasnbiehat higho| une of t he
fluid chanber S I ecfar om t:hesf1.ui h [ hj.gh. . pr.essure,

whi |l e shuttindé%€$£3ﬁgﬁ§ag%%§Oﬁ?mﬁﬁmgyngm#h%t% %%%%F?%&ﬁ%ﬁggﬁg%ﬁﬁston in
the water cyl ithcestet linterécmbyedbydiyatatificcytiilidria e diredtion titht desdasarthd hat
~decreases the ol une of, said fluid chanber. 9. The punp as defined in
Claims8 mhereﬁﬁﬁ§gﬁggﬂg§wgﬁlﬁ?£§%pplying oil under high pressure conposes
a hydraulic oil punp and control valve neans for alternating supply and

rel ease of oil to the opposing chanbers of said hydraulic
The pump as defined in Claim 8 wherein said means for supplying oil

under 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.




"cyli'nder. 10. The punp as defined in daim8 wherein said at |east one
hydraulic cylinder conprises at |east tw hydraulic cylinders each of

whi ch .cont'ains a piston defining first and second hydraulic ch&fiig2s0dHn
opposite sides thereof, and said at |east one water cyli-nder conprising at
| east a pair of water cylinders respectively associated with said
hydraul i c cylinders, each including a hgygsing and a piston therein. 11.
The punp as defined in Claim10 wherein the pistons in said water

cylinders each define at | east one chanber in the water cylinder on the

side thereof ©PPOSITHE phid aPEHNLN irAMEinS B HndFBRNEe iRbnSHRRLYWaRY Oi | under
hi gh pressure includes control valve means for supplying high pressure oi

al ternati vel y exHeders¢ash defineadlpsstyne ehanther injtheseylinferpdhe ode thereolof t he
hydraulic cyli . . Of . l,,c cylinder
wher eby t he pfgﬂgﬁéro mgggmi%%@?%g%gggggﬁéﬂgé%bm%%ggggﬁﬁ$¥%ﬁggg# ot her. 18
July 2005 - 17ndads foFleentpolling tas supelyi ofed to opetitabdid Adradiieroglimdekhe pi stons in
said water cylinders each define at_ |least one chanber in the cylinder on
Che st de t her SSROIGISREE A LrteaueBTu gttt et FRRESor suppl ying of |
under high pressure includes neans for controlling the supply of oil to

operate said hydraulic cylinders synchronously in a predeterm ned phase or
vel ocity relationshinp.




