woO 2011/008482 A2 I 10K 000 OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(10) International Publication Number

WO 2011/008482 A2

(51

eay)

(19) World Intellectual Property Organization /’@?‘?’3\
International Bureau v{ 0
ol
(43) International Publication Date \'{_5___,/
20 January 2011 (20.01.2011) PCT
International Patent Classification: 81)
FO3B 17/06 (2006.01) FO3B 1/02 (2006.01)
FO3B 17/02 (2006.01) F0O3B 13/06 (2006.01)
F03B 3/12 (2006.01)
International Application Number:
PCT/US2010/040130

(22)

(25)
(26)
(30)

(72)
1

74

International Filing Date:
28 June 2010 (28.06.2010)

Filing Language: English
Publication Language: English
Priority Data:

61/269,803 29 June 2009 (29.06.2009) US

Inventors; and

Applicants : WILSON, Gavin, P. [US/US]; 4232 Fox
Fern Court, Beavercreek, OH 45432 (US). WILSON,
Michael, J. [US/US]; 471 Wyatt Road, Bowdon, GA
30108 (US). WILSON, Conner, C. [US/US]; 2360 Big
Sur Circle, Beavercreek, OH 45431 (US).

Agent: ROST, Stephen, F.; Taft Stettinius & Hollister
LLP, One Indiana Square, Suite 3500, Indianapolis, IN
46204-2023 (US).

84)

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

Published:

without international search report and to be republished
upon receipt of that report (Rule 48.2(g))

(54) Title: LOW-DRAG HYDRO-PNEUMATIC POWER CYLINDER AND SYSTEM

FIG. 3
14 112 113 114 J)i 106
N IS 7
N 0 J
N 00N /T
\ i f
% N /000w /.
N ——
— 710000
guvur— 1 ..

105

(57) Abstract: A hydro-pneumatic cylinder for con-
verting buoyancy energy of compressed gas into me-
chanical energy. The cylinder can include a pair of
end plates disposed ai opposite ends of the cylinder
and a drive axle extending longitudinally through the
cylinder and passing through the center of each end
plate. The cylinder can also include a core support
coupled to each end plate and centrally disposed in
the cylinder and a plurality of vanes for promoting a
low-drag flow. Each of the plurality of vanes is cou-
pled to the core support and the pair of end plates. A
bucket is defined by the core support, two of the plu-
rality of vanes, and the pair of end plates. The cylinder
further includes a vane support coupled to the plurali-
ty of vanes and the core support. The vane support de-
fines a plurality of openings formed therein through
which a gas can pass for equalizing pressure ro the
bucket.
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LOW-DRAG SYDRO-PNEUMATIC POWER CYLINDER AND SYSTEM

CROSS-REFERENCE TO RELATED APPLICATIONS:

{0001} This application claims the benedit of ULS. Provisional Patent Application Serial Number

61269 803, filed June 29, 2009, which is hereby incorporated by reforence

FIFLD OF DISCLOSURE

{00021 This disclosure velates to & mechanical power device, and i particular, t© a bnovaney-

based mechanical power device.

BACKGROUND

(0003} While mankind has found methods of hamessing several forees of nature, notahly absent
3 s fred 2 u

has been a specessful method of haressing the force of gravitvina bm'yam- environment.

(’J

Previcus attempts to manipulate objects in the buoyant area have consistently fallen short. Thes
designs have physical design shortfalls that significantly reduce their abﬂiiy to capture most of
the potential buoyancy-based effects available fo them. Additionally, previous designs have
fatled to capture the available potential and kinetic energy crested by physical exchanges of
gases and liguids, induced liguid-to-liquid motion, Hguid-on-liguid friction, ste.
[0004] Hydro-dynamic drag based on physical design is 2 major energy reducer to any
buoyancy-based device, Failure to design and fabricate buoyant machings with the most hydro-
dynamic (lowest drag coefficient) shapes, canises great amourits of energy to be drained off and
lost to hquid friction and necdless movement by the high drag inherent in mechanical motion
working inside higuid environments. Conventional designs have restrictive p}}}*sis:af design
aspects with high-drag components/designs that sertously impede sach device™s ability to create
mechanmcad snsrgy.

{0005} In other efforts, considerable energy is lost by falhwe to adempt to collect the energy
during either liquid to gas displacements or gas to Hatld displacements. When something
matenally changes inside & buoyancy power conversion device during the buoyancy-to~
mechanical energy conversion process, regardless of the design, there has been an inability to
eapture the energy inherent in these energy transitions and material movements.

{0006] Other conventional designs have Umited the conversion of buoyant ensray to rofational

-
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power. These designs resirict the bglancing of the buoyant forces by Himiting transfer of drive
Sases amongst thelr buckets thereby allowing overfilling of some buckets and vnder-filling of
others on the same horizontal plane,
{0007} Another significant design concern is the use of less than optimally proportionsd bucket
volumes relative o the overall device size. Some designs have overly large bucket depths that
place buvyant gases oo olose to the deviee core, where more snergy is used to create gas charge
thanis recouped during the buovant operations. Other designs incorporate smafier than optimum
bucket volomes relative to the overail device and/or reduced bucket numbers. The deficiencies
of both designs significantly reduce the ability to conduct buovant work.
{6008} Conventtonal designs also do not reduce frictional hydro-dynamic drag through the use of
active hiydro-dynamic drag reduction means such as micro-bubble injection, p01 vimey injection,
ete, Further, these conventional designs fall to manage expanding gas heat depletion of the
waorkmg/drive liguids cansed by expanding gases having much lower relative retained heat
energy than they had in their comipressed state. ' With the exception of a high-temperature or
steam gas operation where the weorking/drive Hquid is kept at a higher temperaturs, continnous
operations of any non-thermal gas-driven bpoyaney motos's expanding zases can guickly reduce
each device’s working/drive lguid tomperature to a level below their § freering ponts,
[008Y] Therelore, a need exists for a mechanical device that can reduce frictional hydro- dynanic
drag, balance bucyant Roroes along thelr vanes, aud captare the kinetic energy available during

gas-to-tiguid and liquid-to-gas transfers,

{00181 1o an exemplary enehodiment of the present invention, & mechanical power device is abls
to reduce frictional hydro-dynamic drag through the use of an active hydro-dymamic drag
reduction nmsans such as micro-bubble injection, pelymer injection, ete.

{0011} In one examplary embodiment, a hydro-paewmatic ovtinder inclades « fivst end plate and
a second end plate oppestiely disposad from ong anctherin the cyiindmi The first and second
end plates are substantially planar and parailel to one another. The er alse weludes a drive
axie extending longitudinally through the cylinder and passing through the first and second end
plates. A core support is coupled o each end plate and centrally disposed in the gylinder and a

phurality of vanes is provided for promoting a low~drag flow. Each of the plurality of vanes is

>
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‘,

coupled to the core supporl and the first and second end plates. The eylinder further includes a

hucket defined by the cove support, two of the plurality of vanes, and the first and second end
plates. The cylinder also includes a vane support coupled to the phurality of vanes. The vane
support is substantially parallel to the first and second end plates such that the vane support
defines a plurality of openings formed therein throngh which a fluid can pass for equalizing
pressure it the buckest,

{0012} In one form of thus embodimen, the cylinder can include a microbubbler coupled to at
least one of the first and second end plates. The mierobublder is configurad to reduce dynamic
drag and can be substantially parallcl to the end plate o which it is coupled. In another form
thereot, the buckel comprises # plurality of buckets. For example, in this embodinment, the
munber of buckets can be approximately the same as the number of vanes. In addition, the drive
axle can nclude a passageway defined therethrough. In another arrangemsnt, the vane sapport
divides the bucket into a first portion and 2 second portion such that the first portion 1s fluidly
coupled to the second portion by the plurality of openings defined in the vane suppost.

{8013} In another ebodiment, a system 18 provided for converting buovaney enerey of 2
compressed fuid inte mechanical energy. The system inchudes a fluid-tight tank containing a
tiquid. The tank has a cover disposed at a top end and a fluid charging device is coupled to a
bottor end of the tank, The system also includes a thermal management system for maintaining
the temperature of the Hguid and & hydro-pneumatic cylinder disposed in the tank. The cylinder

is submaerged in the liquid, In addition, the cylinder includes a drive axle extending

&

longitedinally along an axis and a plurality of buckets defined therein. At least one of the
plurality of buckets receives compressed fluid from the fluid charging device such that the
compressed fhud huoyantly imparts rotational motion of the cylinder about the axis.

[0014] In a similar e;mibodiment, the eyvlinder can include a first end plate and a second end plate
oppositely disposed frowm one another in the eylinder. The first and second end plates are
substantially planar and parallel to one another. A core support is coupled to each end plate and
disposed i the cylinder. The eylinder can include a plurality of vanes for promoting a low-drag
flow such that each of the plurality of vanes is coupled to the core support and the first and
second end plates. The eylinder alse includes a vane support coupled to the plarality of vanes.
The vane support is substantally parallel to the first and second end plates such that the vane

support defines a plarality of openings formed therein through which a fuid can pass for

Led
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equalizing pressure 1n the bucket. In addition, the cylinder inclndes a dynamic drag reduction
apparatus coupled to one of the first and second end plates. The dynamic drag reduction
apparatus s substactially paraliel to the fivst and second end plates.

{0015] In another form of this embodiment, the vane support divides each of the plurality of
tuckets inte a first portion and a second portion such that the first portion is fluidiv coupled to
the second portion by the plurality of openings defined in the vane support. The system can
further include a low-fnetion bearing disposed on each side of the eylinder, The supply line is
thermally tosulated for maintaining the temperature of the fluid entering the fluid charging
device.

[0016] Tu a different form of this embodiment, the fluid charging device comprises a plenum
housiug or rotary valve. The fluid charging device can include a cutout portion fhudly coupled
to at least one of the phuality of buckets. In the embodiment of a rotary valve, the rolary valve
defines 2 passageway and smission orifice. The passagewsy fhuddly couples the supply bine 1o
the emission orifice for divecting compressed fluid to the eylinder. The system can also include 2
fluid distribution equalizer chamber for expanding the fluid and maintalmng equilibrium of
pressures in the Buid charging device.

{0017 In a different embodinient, a hydro-pneumatic cylinder is provided for converting
buoyancy energy into kinetic encrgy, The ovlinder includes a first end plate and & second end
plate opposttely disposed from one another in the cylinder. The first and second end plates are
substartially planar and paraliel to one another. A drive axle extends longitudinally through the
cylinder and passes through the first and second end plates. The cylinder also includes 2 core
support coupded to cach end plate and disposed in the cylinder. A plurality of vanes {5 provided
for promoting & low=drag flow. Each of the plurality of vanes is coupled to the core support and
the first and second end plates. The cylinder further includes a bucket defined by the core
support, two of the plurality of vanes, and the first and sccond end @’Ea.tes. in addition, a dynamic
drag reduction apparatus is coupled to one of the end plates and is autially paraliel to the
pair of end plates.

{0818} In this embodiment, the cylmder can include a vane support coupled to the plurality of
vanes, The vane support is substandially paraliel to the first and second end plates. Also, the
vane stpport defines a plurality of openings formed therein through which a finid can pass for

equalizing pressure in the bucket. The vanesapport further divides each of the plurality of
L . pp L
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buckets mio & frst portion and & secoud portion such that the first portion is fluidly coupled to
the second portion by the plurality of openings defined in the vane support.

{0019} In accordance with one embodiment, & Hydro-Paewmnatic Power Ovlinder {HPC) includes
a submerged axie-mounted evlindrically-shaped body having an end-cap disc coupled to cach
distal end of the center eylinder with multiple vanes axially coupled to the center eylinder face
and inside surfuces of the end-cap disc. Spaces are defined by the surfaces of cach adjacent
vane, the exposed center eylinder face, and the exposed inner surfaces of the end-cap dises. The
apparatus 18 gas-charged by a plenum that regulates the working lHiquidéworking gas transfors or
charged through a set of rolary gas injection valves, one valve embedded to each cyvlinder end.
Drag-reducing micro-bubble gas emitters are coupled to high hydro~-dynamic drag features and
or statically placed strategically near the eylinder, The HPC is able to capture and fully utilize
gravity’s buovancy-based effect.

{0026] The HPC can introduce any Hght-weight gas under prossure, either compressed or
thermally expanded, 1nto a vastly heavier lgnid. s also able to utilize the prineipls of
‘meanent-arm leverage by moving the gas-filled working buoyant buckets further away from the
central point/axle to increase the effective power owtpit of the Power Cylinder. This allows use
of application-based engineered “wet-area” buckels/spaces o reduce the drive gas requirements
for specific HPC power outputs. As such, the size of the HPC can be matched to the
application’s power input needs. To ease HPC production efforts, classes of production
standard-sized HPCs can be specifically designed and built with buckst depthséwidths matched
to the specilic end-item’s application needs. A standard-sized HPC having o set diameter can be
lengthened to increase the power output to match a specific user’s power mput vequirements.
{8021} The HPC can recycle and rense the drive gases from purposely compressed sources to
ensure & continuously available supply of clean drive gases, thereby eliminating the need for
forsign~contaminant gas filtering efforts or machinery/devices. The HPC is also capable of
managing the effects of heat transfer processes concomitant to the drive gases” conpression,
transmission, and release/expaysion. As such, the HPC can maintain the drive liguid at a
temperature which maximizes deive liquid density and yet prevenis freexing of the drive Hauids
by rapidly expanding drive gases.

{0022] The HPC can advantageously be located in any environment so long as appreciable

o4

gravity is available. This can include non-terrestrial environments. The HPC cain be built in
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various sizes to mest specified net power production needs ranging from one horse spower (one
Kilowatt) to millions of horsepower {undreds of Megzawatts). Likewise, the HPC can be used
a5 a rotational power sourcedprime mover for driving industrial processes or prime electrical
power generation,

§23] Also, the HPC can be combined either serdally or In parallel with similar power
producing units to increase the powser output available. A power plant with rows of multiple
bucyancy capture machivies is capable of providing Giga-watts of elecirical energy,

{0024] Inat least one embodument of the HPC, a powertil gas-injection fonction that increases
overall power output is ackieved by injecting drive gases into the base of the huckets, thereby
forcing the liquid fom the buckets. The introduction of the drive gases into'the buckets
represents a dynamic change of state for each bucket at sach gas-filling sccurrence. By filling
the buckets from the inside out creates significant back-pressure inside the bucket and converts
this powerful bucket-filling activity Into a basic hydraulic pump jot, thereby allowing this
energetic gas-lransfer to be rotationally captured in the axle.

Q025] The HPC also includes static baffles ontside thereof that can retard Hauid movenient

close to the lower buckets that are actively filled with gas and ¢iecting Hanids. Such baffles
provide a stagnant liquid resistance te the Hgnids ejecting from the buckets thereby increasing
the overall sysiem power by inereasing back pressure to the ejecting higuids. The HPC desian
can include intra-bucket passages along the length of sach bucket allowing for maximum transfer
of the drive gas to fill each bucket linearly and equally, thereby maximizing, equalizing r and
balancing the buoyant power of sach bucket,
[0626] The HPC can forther use gas-filled buckets which are substantially flled for the
maximum duration possible. Since most of the HPCs power is derived from buovancy, the more
Liquid-displacing gas by volume taside each rising bucket increases that specific bucket's
buoyancy-hased 1ift, thereby increasing use of the gas-filled bucket's contribution io total power
of the device. This design of the bucket in both shape, bucket-vane length, and intra-bucket
transfer pessages maxtmizes the percentage of the bucket relaining gos for the maximum tims
duration possible, thereby captoring the maximum buoyant force available along the HPCs
rotatronal “tning” allowing for the greatest effect.
{8027} The HPC can have a low-drag physical design such that each vane follows the previous

&

ong. This feature can greatly reduce energy-draining parasitic, hydro-dynamie surface fetion

&
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and design drag. The HPC can alse include an active gas-entrapped boundary contrel layer
(BCL), hydro-dynamic drag-reduction technique that injects micro-bubbles into the lignid space
between the static liguid surrounding the HPC and the dvnanic Hgeid moving with and in
contact with the HPC. Continuous fnjection of the micro-bubbles present in the BCL and
adjacent interfaces allow multiple hydro-dynamic forces to compress and expand the gases in the
micro-bubbles which greatly reduces energy-draining parasitic drag created in and betweey the
BUL mterfaces.

{0028} In addition, the HPC can include either nltra-low-friction magnetic bearings or ultra-low-
friction air bearings to support a drive axle and reduce fiction-based energy fosses (bearing
cholce dependent on application and device size). The HPC can also include an operationally
and nepirally buovant design that reduces the relative weight of HPC, This can reduce
gravitationally-based fiictional pressures on the HPC's support bearings and reduce the effect of
weight on the bearing support structures, The HPC can have an operationally reliable design
with systemic redundancy designed throughout the system by useof an ultra-low maintenanee
HPC design, options for multiple gas compression sources, and up 1o two drive shaft
connechions, one per side of the device, available for use to power industrial PEOCESIES OF primg

power eleetrical production devices,

BRIEF DESCRIPTION OF THE DRAWINGS

{0029} The above-mentioned aspects of the present invention and the manner of obtaining them

will become more apparent and the invention itself will be better understood by reference to the
following description of the embodiments of the invention, taken in conjunction with the
accompanying drawings, wherein:

[0030] Fig. 1 is an end view of a Hydro-Preumatic Oylinder (HPCY;

[OU31] Fig. 2 is 2 fave-side view of the HPC of Fig. I3

{6032] Fig. 3 is a drive side orthogonal view of the HPC;

{B033] Fig. 4 is a face side cut-away view of the HPC Tank and its internal parts as seen with the
side of the Tank removed for illustrative purposes;

{034] Fig. 3 ts a lofi sideend view of the HPC Tank and s internal parts as seen with the end
of the Tank ramoved for Hlustrative purposes;

{0033 Fig. & iz o lefl side perspective view of the Dirive Gas Plenum;

i
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{0036] Fig. 7 10 a perspective view of the HPCs Drive Gas System as seen from one end of the
Ta ank;

{0037} Fig. 8 is a parspective view of the HPC's Thermal Management Drive Liguid System as
seen from the frond face of the Tank;

{0038] Fig. 9 is a representation of the HPC used in a Power Production System as seen from the
face side of the Tank;

J0039] Fig. 10 is a top-down system view of a HPC as used in 2 naval propulsion/drive system;
{0046] Fig. 11 is a system view of 2 complete HPC system as seen from the front face side of the
Tauk;

[0041] Fig. 12 is aduive side perspective visw of the HPC {(minus most vanes) and the seneral
Micro-Bubbler design;

{0042} Fig. 13 is a perspective view of an End-Plate Micro-Bubbler, Regulator, and its Gas
Supply Line;

{0043} Fig. 14 is a perspoctive view if the End-Plate Micro-Bubhler and #s gas emitter
perforations;

[0044] Fig. 15 ix a partial drive side perspective view of the Vane Micro-Bubbler, Reanlator, and
s Gas Supply Linfzs;

[0043] Fig. 16 is a drive side perspective view of the HPC i general detatling the "Small HPC
Static End-Plate Micro-Bubbler Design;

[0646] Fig. 17 is a perspective view of a section of a Static End-Plate Micre-Bobbler Emitter:
{0047} Fig. 18 15 o perspective view of a HPC wiilizing Rotary Valve Divect Gas Injectors;

{004B] Fig. 19 15 a perspective view of & Rotary Valve Direct Gas Injector;

{0049} Fig. 20 is a perspective view of a HPC operated using Pressurired Natwat Gas Drive

Svsteny

¥
{0058} Fig, 21 ix a perspective view of g HPC operated using a Binary Gas Drive Systom;
[DOSI] Fig. 22 is a perspective view of a HPC operated nsing a Steam Drive Systémg

[0052] Fig. 23 is an ond view of s Large Tank Cascads HPC configuration;

{0033] Fig. 24 is a perspective view of a HFC Base-load Power Plant; and

[0054] Fig. 25 is anvend view of 8 HPC with Deep Vanes and Buckets.

[0055] Corresponding reference numerals are used to indicate corresponding parts throughout

the several views.
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DETAILEDR DESCRIPTION

{8056] The embodiments of the present mvention described below are not intended to be
exhaustive or to limit the invention to the precise forms disclosed in the il owing detailed
description. Rather, the embodiments are chosen and described so that others skilled in the art
may appreviate and understand the principles and practives of the present invention.

(0857 In Fig. 1, an exemplery embodiment of & Hydro-Pneumatic Power Cylinder (HPC) 102 is
pravided for translating gravitationally-based buoyvant forces to rotational force. The HPC 102 is
comprised of a drive axle 104 which is inserted ventrally through a set of two separaie
perpendicular eircular-shaped HPC end-plates 114, cach of which defines the opposite ends of
the HPC 102, The drive axle 104 has a central gas passageway 105 gowng end-to-end throughout
is center and has & dave axle flange 103 coupled to each end. The two end-plates 114 are
separated by a ngid bollow centrally located cyvlindrically-shaped HPC core support 10R which is
coupled to the HPC end-plates 114. The cove support 108 can have additional internal structure
(not showny} conpling the core support 108 to the drive acle 104 to assist in transferving
operational Joads 1o the central axle.

{0858] Coupled tn 2 leak-proof moanner o the outer face of the HPC core support 108 and the
exposed inner-facing surfaces of the HPC-end plates 114 are a munltitude of curvilinesr HPC
vanes 110 coupled equidistantly arcund the circumference of the HPC core support 108—the
exact number of vanes and specific vane depth is dependent on the size, stated efficiency and
desired operational HPC power output requirements. The FPC vanes 110 curve frora thefr
longiudinal tnner-base attachment to the HPC core support 108 toward the vane’s outer edge
which terminate in a low-drag, flowing mauger. The vane’s curved edges are coupled to the
inmer faces of the HPC end plates 114, The adjacent surfaces of the HPC vanes 110, the HPC
core support 108, and interior exposed surfaces of the HPC end plates 114 define a sm gle HPC
hucket area 109, Each HPC design has & specified mmuititude of vanes and therefore an equal
number of buckeis 109 as vanes 11

[6659] Coupled in a flush-momnting, low hydro-dvnamic drag manner into a set of micro-
bubbler radial cutout slots 113 {Fig. 13), cut in a radial manner into the HPC end-plates 114, is 2
set of end-plate nucro-bubblers 106, The number and position of the end-plate micro-bubblers

106 can be matched to the specific HPC application design and can be dependent on the

D
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&pm;xﬁad drag reduction needs of that particular HPC s operational needs. In this embodiment,
tour-end-plate nucre-bubblers 106 per each end of HPC 102 are shown, however, 1 other
embodiments there can be other micro-bubbler designs and layouts.

[0060] In Fig. 2, the vane’s 110 outer faces, drive axie 104, drive axle central gas passagoway
103, drive axte flanges 103, HPC end-plates 114, viewed on edge, and a vane intermediate
suppot 112 that is perpendicular fo and solidly coupled to both the inner surthce of the HPC
vanes 110 and the HPC core support 108 {not separately depicted in this drawing) are shown. As
shown, the HPC end plates 114 extend past the outer edges of the HPC vanes 110 to provide 4
gas leakage seal to a drive gas plenum 124 {shown in Fig. 4).

{0061} Refernng te g, 3, the HPC 102 vanes 110 can attach to the face of the HPC core
support 108 as supported by & vane intermodiate support 112, While the embodiment in Fig 3
mcludes @ singular intenmediate vane support 108, larger HPC developments may use multiple
vane sapports along their HPC face in their design and operations. Such vane supports are
reqjuired to assist the vanes 110 in confroting the energy creating bueyant forges during BPC

bec

operstions and assisting the vanes in containing the multi-path load forces encountered during

the bighly energetic and dynamic Houid draining and gas charging actions during HPC
operations. Additionally, the vane supports 112 assist the vanes 110 in maintaining their low-
drag hydeo-dynamic profile while the vancs carry the operational loads caused by the buoyant

Torees,

oty
{)7:

{0062] Multiple vane intermediate support gas pass-through apenings or heles 113 are defined in
the vane intermediate support 112, These holes 113 are located inside each bucket area 109 of
the HPC 102 (as depicted in Fig. 1 and 25) which allow bucket pressure equalization, and reduce
the overall HPC 102 weight. The drve axie 104 with drive axie central gas passagoway 105 and
the drive axle flanges 103 is also shown, The entire structure is solidly and fmmovably attached
together 1o form the HPC 102, The flush-mounted end-plate micro-bubblers 106 can be coupled
to the HPC ond plates 114

[0063] Twming o Fig. 4, the HPC 102 {5 disposed inside a large Hquid-tight tank 134 {note that
the side of the tank 134 has been removed for illustrative purposes only). A set of outer diive
axles 107 couple to the drive axle flanges 103 that are coupled to the drive axle 104, A laterallv-
rounded stressed-skin membrane type HPC tak cover 118 is coupled to the top of the tank 134

i a gas tight lesk-proof manmer to capturs all expended drive gases 179, A conventional
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tressed-skin membrane tank cover 118 is often nsed in industrial buildings, alrport hangars, ete.

1]

The HPC 102 is surrounded by a drive lguid 111 in the tank 134, supported on its outer drive
axie 107 by a sturdy axle-enclosing HPC axie bearing 120 on cach side of the HPC 102, The
HPC axle bearing 120 is a low-friction bearing and is supported by & HPC bearing suppott 130
which is coupled to the lefl and right tank walls 128, The HPC 102 is supporied similarly on
both sides. The cuter drive axle 107 extonds through the distal side of the HPC axle hearing 120
and extends through a liquid-tight tank wall seal 122 mounted into the left and right sides of the
tank walls 128, and cxtends through matching holes defined in the loft and right tank walls {(note
that the defined holes are not separately depicted from the left and right tank wall seals 122).
[0D64] A drive gas plenum 124 is coupled to the tank bottom 129 by 1 series of plenum support
footers 126, The drive gas plemum 124 s fed a deive gas 178 through a thermally insulated drive
gas supply line 116 which enters from the back side of & HPC tank cover 118, with the thermally
msulated ditve gas supply line 116 firmly attached along its length to the right-side tank wall
128, Thisadrive gas 178 exits the line 116 into a drive gas supply control valve 176 {uot
separately depicted in this drawing) which controls the release of the gas 178 into a drive gas
disteibution squalizer chamber 177 which conples to a drive gas plennm 124, Coupled in the
center of the back side of the tank cover 118 s a drive gas retum line 132 which collects all
cxpended drive gas 179 that brovantly rises above the deve Hauid 111, Also shown on the front
bottom edge of the drive gas plenum 124 s & plenum diive gas overflow cutout 125 which is
used to assist initial HPC rotational operations by directing plenum overflow gas {not separately
show) to the drive side of the BPC 102

{0065] Fig, 5 shows the HPC 102 inside the same lguid-tight tank 134 immersed in the drive
tiguid 111 in a left side view-—note that the left side of the tank has béen removed for illustrative
purposes only. Coupled in a gas-tight raanger to the side of the drive gas plenum 124 is g drive
gas distribution equalizer charaber 177 which is attached in a gos-tight manner to a gas supply
condrel valve 176 which is fed the drive gas 178 from the terminal end of the thermally insulated
drive gas supply line 116, The axie bearing 120 is coupled to the top of the bearing support 130,
Additionally, the tank cover 118 can include & thermally insulated drive gas supply line 116 and
a drive gas return line 132 extending from the back. Also shown attached to the flat face of the
HPCtank cover 118 is a vertivally-bung neutrally spring-loaded tank cover pressure relief door
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{0066] In the embodiment of Fig. 6, the operating components of the drive gas plenum 124 ars
tocated beneath the HPC 102 with the thermally-insulated drive gas supply line 118 terininating
i & gas-tight manner to & gas supply control valve 176, The control valve 176 controls the
guantity of drive gas 178 that euters a drive gas distribution squalizer chamber 177, The drive
gas distribution equalizer chamber 177 allows the drive gas to expand and equalize the zas
pressure within the plenom 124, The drive gas 178 enters the plenum 124 under controlied
pressure throngh the drive gas supply ports 168 and maintains the level of the deive Hauid 111

mternal to the drive gos plenum 124, Coupled to the upper right and left ends (as shown in Fig,
6) of the drive gas plenum 124 are two seal backer plates 174 supporied by nmmultiple seal backer
plate supports 175, Coupled to the top-side of each seal backer plate 174 are a series of
continuous plenum-to-HPC vane seals 172 (note that three seals 172 as shown in this
embodiment—other designs using other numibers of seals 172 ae possible dependent on
operational depihs and forces placed on the seals). hiternal to the drive gas plenum 12448 a
graduated set ol plenwm Hauid level sensors 171, which disposed at an angle and protected and
encased i1 a liquid level sensor assembly 170, Also shown on the bottom of the drive side of the
pimm‘n 124 13 a plenwn drive gas overflow eutont 125, which will be used to direct the plenum
gas overflow to the drive face of the HPC 102 during operational startups. A seriss of plenum
suppert footers 126 is shown where the footers 126 position the plenum 124 above the tank
botiom 129 (not shown in this figure) and in a straegic and sdvantageons position directly under
the HPC 102,

{0067} Reforring to the embodiment of Fig, 7, an HPC drive gas system: comprises a more
mmpiax threw compressor design Including the tank 134 and fank cover 118, Al gas

piping/pharabing couplings are sealed, thereby preventing any gas leakages. Also shown

mounted to the vertical face of the tank cover 118 is the tank cover pressure relief door 118, A

gas return line 1324 exits the back side of the fank cover 118 and couples to a gas spin filter 136,
A gas retum lne 1328 exits the gas spin filter 136 and couples to the input side of 2 one-way gas

cheek valve 141a.

[0068] O the opposite side of the check valve 141a, the gas return ine 132b further couples o
the input port of 2 gas compressor 138, A compressed drive gas 178 exits the outlet vort of the
compressor 138 through a drive gas supply line 116a and passes through the ouiput side of a one~
way gas check valve 141b. The comprossed drive gas 178 then exits the outlet port of the check
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valve 141b and continues passing through the remainder of the drive gas supply line 116h. The
drive gas supply line 116b can couple to a second drive gas supply Hng | 16‘0? whereby it is
coupled to another compressor’s compressed gas output. The drive gas 178 flows into the tank
134, entering through the face of the tank cover 11& (as shown from the right side of the fank
134). The mput stide of an }-ectricai1y»pawered gas span Blter liquid return pamp 139 can be
coupled to a small sealed opening defined i the sump-like bottom portion of the gas spin filter
136, The liquid output is thereby coupled to a pas spin filter Hguid return one way check valve
143, which couples to a gas spin filter liguid return line 137, The gas spin flter Hauid refum Hae
can be coupled at its termimal end to an opening defined in the top of the tank 134 above the
drive quid's 111 (Fig. 4) top surface. Also shown is & micro-bubbler intra-axle gas supply line
224 which couples to the drive gas supply lne 116e delivering an amount of drive gas (not
showi} to the terminal end of line 224, The end of line 224 couples to a intra-axle rotary gas
coupler/joint 222 which is coupled to the outer end of the outer drive axle 107 {net shown in this
figure} which penctrates the tank 134 through the Hauid-tight tank wall seal 122
[0069] I the embodiment of Fig. 8, a liquid-tight HPC thermal management drive lquid svstem
meludes a single compressor design. The deive Hauid 111 exits the tank 134 through an outlet
line 146a, with iis inlet mounted near the top of the tank and submerged below the Hguid's npper
surface. The outlet line 146a is coupled to one of two inlet ports of & two-way HPC Hauid flow
contrel valve 144a. The outlet line 1460 exits the valve 144a as shown.
{0078] Following the drive lquid path of the first liquid flow coutrol valve 144a, the drive Hguid
continues to the inlet end of an miermediate Hauid ontlet line 146b which couples line 1460
ontlet to the mlel port of a Hquid fow pursp 142a. This pump 1423 moves the drive Hguid to the
intake of a two-way cooling pool liquid flow control valve 144b which couples one of its ontlets
0 a hquid cooling pool 154 where the drive liquid is pumped to cool and loses s latent heat.
The second outlet of the hguid Hlow control valve 144b dircets the drive Hguid flow through a
cooling pool Hguid bypass line 152 which couples to the first inlet of a second two-way liguid
cooling pool hiquid flow control valve 14dc which controls the cutlet of the Hauid cooling pool
154, The liguid cooling pool 154 s divectly coupled to the second of #s two inlets of the second
two-way liguid cooling pool liquid flow control valve 14de which couples to the inlet side of a
liquid inlet line 150a. The hiquid fulet line 150 couples with the indet port of a liquid flow pump

142b, wihich couples its outlet port o  coropressor hiquid inlet e 150, The inlet line 150b
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ietminates at the hquid coolant tntake port of a gas compresser 138, The figuid coolant outlet
port for the compressor 138 is coupled with a compressor Hguid outlet line 1482 which couples
ta the inlet port of the compressor outlet Haquid flow vontrol valve 144d which couples its outles
port toa Hquid inlet line 148h which couples to the inlet port of the HPC bypass Liquid fow
control valve lTdde. The HPC bypass liquid flow control valve 144e has two outlet ports. The
first outlet port couples 1o a tank lquid inlet ine 148c. The inlet line 148 passes through the
tank cover 118 and extends to and lerminates near the bottony of the tank 134, The second ontlet
port of the HPC bypass liguid flow control valve 144e couples with the tank liquid bypass line
132, The hignid bypass line 152 conples to the second inlet of the two-way Hquid flow control
vatve 1dda.

{071} In Fig ¥, the HPC is incorporated in a single output power production system with a
simgle compressor design. The outer drive axle 107 exits the tank 134 as previously described
and s coupled io the power input side of a powerftorque-overioad releasable HPC drive axle
power release coupler 156, The power release coupler 156 outlet side is coupled to a powes shafl
157 wihich is coapled to a step-up gear box 158, The gear box 158 is voupled to the intermediate
power shaft 159 which drives an alternatorfgenerator 160, A plurality of power Hnes 180 exits
the aliernator/generator 160 and couples to an electrical outlet contral system 164, “The slectrical
outlet conirol sysiem 164 feeds both a compressor supply line 166 which couples with a
compressor drive motor 140 of & compressor 138 and feeds excess elecirical power not reguired
by the HPC system through an electrical output service line 162,

{0072} In Fig. 10, a naval power application is shown where contained inside a ship hall 184, 2
sealed HPC tank system 190 with an internal HPC (not shown) through the outer drive axle 107
drives an altermnator/generator 160 which is coupled to alternator/gencrator power output fines
1§ and an electrical oniput control system 164 {note that this embodiment diree tly couples the
HPC o the alternator/generator. Dependent on the end use power requirsments, size of the HPC,
et different emibediments can use direct drive designs or geared designs). Electrical power
Hines 193 run from an electrical oniput control system 164 o a ship drive motor 192, A plurality
of compressor electrical power supply lines 166 couple the compressor drive motors 140 and the
ship’s compressors 138, The ship drive motor 192 drives a propeller shaft 195 and a propelier
194,

{8073} An intake 186 foeds an amount of outside water 182 to a compressor infet pump 188
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which is coupled to the corapressor 138 by a Hiquid inlet ling 150, There can also be a pluralily
of vompressors 138 as shown, From the compressor 138, the HPC lguid inlet line 148 couples
{0 the tank 190, Connected to the aft of the tank 199 is the HPC hiquid ontlet Hine 146 which is
coupled to-a water system outlet valve 196, The outlst valve 196 terminates with the ship’s hull
184 where the water 182 exits the hull through a water outlet port 197, The compressar 138 is
coupled to the drive gas supply lines 116 which are then coupled to the sealed HPC tank svstem
190, Gas return Unes 132 exit the tank svstem 190 and conple 1o the pas inlet side of each of the
compressors 138,
{0074} Referring to Fig, 11, a complete HPC system inchedes a single output shaft and a three
mpresser design. Tuorning to Fig. 12, the components of & micro-bibbler svstem are provided.
A hollow drive axile 104 runving through the HPC 102 supplies pressurized gas through a central
gas passageway 103 fnto the axle 104 core. Ap intra-axle rotary gas joint 222 is mounted on the
non-drive end of the drive azle 104 and couples the comypressors supplying pressurized micro-
bubbler gas for micro-bubble injection. Interior to the HPC core support 108, the axie’s gas
passageway 103 15 coupled and supplies this micro-bubbler gas through an md—p;a e axle-fo-
regulator service line 204 which couples and supplies this same micro-bubbler gas to the inlet of
an end-plate depth-variable pressure regulator 202, The pressure regalator 202 is mounted to the
mterior wall of a HPC end plate 114, The repndated gas outlet of the pressure regnlator 202
passes prossure-reguiated micro-bubbler gas through the end-plate’s micro-bubbler radial cutowt
slot 113 and then into the back of an end-plate micro-bubbler 106, Bach HPC 102 has a plurality
of micro-bubblers 106 incorporated radially into the end plates 114, the exact number of which is
dependens on the design optimized for each spevific operational need. Micro-bubbler zas is
emiited through minwte gas passageways 214 (Fig. 14) into the drive liquid 111 {not separately
showi) i reduce parasitic hydro-dynamic drag forces,
{0075] Also wntenor to the HPC core support 108, the hollow drive s 104 central gas
passageway 105 is coupled and supplies pressurized micro-bubbler gas to the fnlet of an axleto-
vane pressure regulator serviee line 208 which is coupled to and supplies pressurized micro-
bubbler gas to the inlet side of a vane depth-variable pressure regulator 206, The pressure
regultator 206 is coupled and supplies pressure-regulated micro-bubbler gas 1o a vaite pressure
regulator nxicro-bubble service line 212 where the output of the line 212 supplies regnlated

nucro-bubbler gas to the back side of & vane micro-bubbler 210, The vane micro-habbler 210



WO 2011/008482 PCT/US2010/040130

has multple mimite micro-bubble gas enutter passageways 214 (Fig. 15} which ennt the micro~
bubbles fute the drive liquid 111 {not separately shown) to reduce parasitic bydro-dynamie drag
forees. The vane micro-bubbler s mounted fo the HPC vane 110 in g hydro-dynamically
flowing low-drag manner,

[0676] Service to the HPCs intemnal parts is made through & HPC end-plate access door 200
which 18 attached to the end-plate 114 with nmltiple HPC end-plate access door attackupent bolts
201, The end~p}a\:es 114 have muliiple equally spaced pressure equalizer holes 19R perforating
theend-plates 114 80 a3 1o cqualize the pressures inside and owtside the cylindrically-shaped
cavity made by the HPC core suppeort 108 and end-plates 114,

{0077] Fig. 13 shows the end-plate micro-bubbler parts. A hollow drive axie 104 supplies drive
gus 178 through a central gaus passageway 105 in the axle 104 core. Internal to the PO s
structure, the axle’s gas passageway 103 1s coupled to an end-plate axle-to-regulator service line
204 whick couples to an end-plate depth-varisble pressure regulator 202, The pressure regulator
202 18 mounied to the interior wall of & HPC end plate 114. The pressure regulator 202 passes
drive gas 178 (not shown i this figure) through the HPC end plate 114 and micre-bubbler radial
cutout slot 113 mto the back of the flush-mounnted end-plate micro-hubbler 108, Rach HPC has
multiple micro-bubblers incorporated radially fnto the end picuesq the exact number of which 18
dependent on the design which is optimized for cach specific operational need.

{0078] In Fig. 14, an end-plate micro-bubbler includes an end-plate micro-bubbler section 108
with multiple minute micro-bubbler gas smitter passageways 214 defined through its face. The
distal end {frthest from axle) of the end plate micro-bubbler 106 can have more emitter
passagesveavs 214 micro-drilled therein than the proximal end (closest to the axle) which will
allow generation of wore nyicro-buhbles at that distal end.

{0078} Refaring to Fig. 13, a vane misro-bubbler includes a HPC vane 110 coupled to a HPC
end-plate 114 and HPC core support evlinder 108 where the vane 116 has a hollow vane micro-
bubbler 210 with numerous minwte micvo-bubbler gas emitter passageways 214, The vane
micro-bubbler 210 is coupled to the edge of the vane in 4 low drag manner, where the vane
micro-bubbler 214 is conpled even with the ouiside facing edge of the vane 110 presenting a
low-drag design. The hallow axle 104 is coupled to an axle-to-vans pressure regulator service
hine 208 which is coupled to a vane depth variable pressure regulator 206, such that the
regulator’s ontlet is coupled to the vane pressure reznlator 1o vane micro-bubbler service Hie

fes
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212, The vane migro-bubbler service line 212 terminates It connection o a vane micro-bubbler
210 where depth-regulated micré-bubbles are evenly emitted to reduce parasitic drag reduction
oft the operational HPC.

{0080} Turming to Fig. 16, a 'small HPC® design is provided which uses longitadinally running
vane pucre-bubblers 210 along HPC vawes 110 and a static end-plate micro-bubbler design {note
the vane intermediate support has been omitted for illustrative purposes). Smaller HPC designs
can ntilize & static HPC End-plate micro-bubbler system in Beu of an end-plate micro-bubliler
system internal to the HPC core. The static micro-bubble system is comprised of several hollow
static end-plate micro-bubbler 216 sections being joined together and strategicatly and
advantageousty mounted on a series of static end plate micro-bubbler support legs 217 in a fixed
location adjacent to the lower outward-facing edges of the HPC end plates 114, The micro-
bubble gas ks provided to the micro-bubbler 216 through a siatic end-plate micro-bubbler service
hne 218,

10081} Fig. 17 shows details of the static micro-bubbler where & hollow static micro-bubhler
section 216 has nuinute micro-bubbler gas emitter passageways 214 drilled along its upper
surface, allowing micro-bubble gas o enter the drive liquid 111 (not shewn) as streams of micro-
bubbles. Depicted is the varied amount of micro-bubble emitter passageways 214, the number of
which is based on the amowunt of micro-bubbles necded at differing locations along the length of
the specific micro-bubbler section. The number and location of these passageways 214 can vary
for different embodiments. Also shown is a static end plate micro-bubbler service line 218
which 18 connected to and provides gas to the micro-bubbler section 216.

(0082 Fig. 18 shows the HPC utilizing a set of two Rotary Valve Divect Gas Injectors. The
HPC 102 has placed in each of its ends but not attached to the HPC proper, @ pair of HPC Rotary
Valve Recesses {not separately shown}. In each recess g rotary valve body 226 is fitted but not
connecied to the HPC 102 proper. Each static rotary valve 226 is coupled 0 the tanl’s HPC
bearing suppert 130 by a singalar or set of rotavy valve support flanges 234, The rotary valve is

attached to the thermally insulated drive gas supply line 116, Located near the bottons of the

tak and swwategically and advantageously positioned are a set of external baffles 236, held place
by batfle-to-tank supports 238 which held the haffles static in relation to the tank 134 and the m-

maotion HPC 102, Also shown coupled to the bottom of the tauk 134 are a set of

rotatablefolding HPC maintenance support stanchions 123,

T
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{OUS3} In Fig. 19, the Rotary Valve Direct Gas Injeetor assembly 1s shown in greater detasl, A
rotary valve body 226 is a solid single piece structure: The rotary v:‘ﬂ ve body 226 has built inte
its curved rotary face a single or plurality of rotary valve-to-HPC seals 232 that contam the gases
inside the HPC s buckets 109 (not shows in this figure). Other forms of seals are also
envisioned such as use of specifically dimensioned close tolerance gaps between the HPU and
the rotary valve body 226, lip seals, and other forms of retaining the drive gas 178 {not shown in
this figure) inside the HPC-to-rotary Valve body face. The outer face of the rotary valve bﬂd}
has a rotary valve gas passageway 228 that extends from the outer face of the rotary valve body
to the proximal inside face of @ rotary valve gas emission orifice 230, The rotary valve gas
passageway 228 couples the thermally insnlated drive gas supply ling 116 to the rotary valve gas
emission oerifice 230, supplving drive gas o the HPC. The rotary valve gas smission onifice is
specifically shaped o have a sized opening of so many degrees of are in relation to the rotary
valve body 226 circamiference so gsto allow a specific metered dnive gas 178 chargeto he
mjected mto the HPC buckets as they pass by the ontfice. The longer the are of the opening, the
tonger the duration of the filling time of the specific HPC design
{0084} Several factors affect the amount of gas passed nto the HPC buckets: the size of the
orifice; the drive gas pressure; gas delivery line resirictions such as Fiction, line bends, Hne size,
ote.; and the speed of rotation of the HPC. Fig. 19 depiots the axle 104 as a point of reference -
the depicted rotary valve body 226 does not touch the drive axle 104, however, other nen-
depucted entbodiments can have the axde 104 pass through a close tolerance air bearimg-type
jowmal if more application-dependent HPC-to-rotary valve interface stractive 13 necessary. A
rofary valve sapport flangs 234/1s depicted as a means o rigidly held the rotary valve m place on
the tank s HPC bearing support 130 (not shown in this figure). Other non-depicied forms of
holdimg the rotary vaive static are available. Other non-depicted rotary valve body embodiments
include using a substantially sized votary valve body 226 as an air bearing, where such a design
can eliminate the need for additional BPC axle bearimys.
[0085] Fig: 20 shows an HPC being driven and operated using pressurized natural gas. The fank
134 holding the HPC 102 {as shown in Fig. 4 or Fig. 18} has a substantial tank cover 256
retained by a senies of appropriately sized tank cover bolts 238, High prossure natugal gas enievs
the tank 134 through g natural gas high pressure inlet line 250 that s coupled to-a natural gas

pressure regalator 252 that reduces the niatural gas imlet pressure to the designated working
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pressure for the speeific HPC systemv/application. A regulated natural gas inlet line 254 delivers
the natural gas from the cutlet of the regilator 252 to the thermally insulated HPC drive gas
supply hine inside the tank for HPC operations.  After the natural gas has drives the HPC and is
available above the upper surface of the duive liquid 111 {(Fig. 4) inside the tank 134, the used

natural gas is evacuated from the tank 134 through a natural gas HPC ontlet line 260 to a single

or maltiple set of natural gasédrive Hguid separators 262 passing between separators 262 through
an intermediate matural gas line 264, The separator(s) 262 remove the drive liquid vapors from

the natural gas 1o the extent the natural gas meets appropriate specifications for further wiility by
natural gas end use customers. Not shown is a separate mounted drive Haquid thermal
nmanagement system where thermal energy can be added to the drive lguid 111 to maintain the
drive liquid temperature in the face of continuously expansive drive gases internal to the tank
134,

{0086] The drive liquid removed by the separator is retarned 1o the tank 134 from the base of the
separator 261 connerted through the 1nfet of a drive Hguid condensate retam line 292 which
continues inte the inlet of a drive Hauid retwn pump 310, The punips 310 outlet sends the drive
Heuad condensate 294 through the continuing return line 292 which terminates at the top edgs of
the tank 134 where the condensate 294 is deposited above the drive liquid surface {not shown)
inside the tank 134, The natural gas leaves through a separator natural gas outiet line 266 which
is coupled to a natural gas post-separator pressure regulator 268 which is coupled to @ natural gas
post-HPC outlet service tine 270, The outflow of natural gas from the service Hue 270 is
subsequently delivered to end nse customers.  Another non-depicted design has a natural gas
booster pumping station return the natural gasto the pre-HPC pressure levels, allowing
contimued fransniission of the natural gas through the onginal transmission modes. The HPC
Natural Gas Drive System is sutomatically controlled by a conventional control svatem such as
those nsed in water treatment plants and petro-chemical plants.

{0087} In the embodiment of Fig. 21, an HPC is operated through use of 2 Binary Gas Drive

Systern using any available heat source. A standard HPC 102 {as shown in Fig. 4 or Fig, 18)

troia,

using cither a drive gas plenum 124 (Fig. 4) or g rotary valve body 226 injection systemt {Fig 18)
N paad 2 At ® ~ } ~ - A o

is submarged Ina deive Liquid 11 1{not shown in this fgure) inside 3 tank 134 with a reinforced
tank cover 256 coupled 1o the tank 134 by a series of substantial reinforeed tank cover hold-

down holts 258, A tank heater civcuit 276 heats the tank’s 134 drive Hauid to the optinal
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operating temperature and s comprised of pumping a heated liquid through a pipe systemn that
delivers radiated heat through the associated tank heater circuit 276 piping awd a sontrol valve
2

Se.

=

[OBE8] The heart of the binary sysiem is its use of & low boiling pomnt igmd in 2 closed-loop
svstern coruprised of an evaporater 286 and a condenser 290 and associated coupled piping,
valves and pumps. Such a binary systeny is standard and connmonly known such as seen in geo-
thermal electrical power plants in the United States and Burope. An evaporator 286 receives
heated Hauid which wravels through a closed civeuis through the evaporator 286, The heated
fiquid enters the evaporator 286 through & thormal source wput hine 282 and a control valve
278a, travels through the evaporater’s internal closed heating circuit {not shewn) and departs the
evaparator 280 throngh a thermal source return hine 284, This heated Hguid transfers an
operationally significant portion of its thermal ensrgy {o 8 binary higquid. The binary hgud
gasifies wside the evaporator 286 and leaves the evaporator through 8 coupled binary drive gas
input line 280, a coupled hinary pas control valve 278, and one-way check valve 274a. The
drive gas input line leaving the check valve 274a delivers the binary drive gas to a coupled mnd
thermally insulated drive gas supply line 116 for HPC operations.

[0089] Afler the binary drive gas has ran through the HFC, the gas is evacuated Fom the tauk
134 through use of a binary drive gas HPC ontlet line 302 which is coupled to a single or saries

of binary drive gas/drive Hguid distiflation separators 300, A mulliple set of soparators 300 is
shown in this embodinent. The combined binary drive gases and drive liguids travel
successively through the separators 300 through a set of intra-separator gas/liquid lines 308
positioned at the tops and bottoms of the separators, The binary drive gas departs the
separator(s) coupled throngh a binary drive gas condenser input line 298, coupled through a
control valve 278¢, which 1s coupled to the binary system condenser 290, Inside the condenser
280 15 & closed eircult condensing coil. A condenser coolant flows from g liquid cocling pool
154 which 13 coupled to 8 condenser coolant mpot line 314, coupled 1o a condenser coolant pumip
316, another contiol valve 278d, and into the condenser 290, After absorbing the thermal snergy
from inside the condenser 290 while moving through the condenser’s closed cirouilt, the
condenser coolant then leaves the condenser coil and which 18 coupled {o 2 condenser coolant
return line 318, which terpunates back in the coolant pool 1534, Inside the condenser 290, the

hinary drive gas condenses inte birary hquid condensate 296 and trace amounts of drive liguid
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condensate 294, The binary lignid condensate 296 is drawn off the bottom of the condenser 290

=

by a connected binary Hquid line 306a which is coupled to the condenser 280, The opposite end
of the binary liquid line 206a is coupled to a binary liguid purnp 2882 which pumps binary liquid
296 out the uther end of the live 306z into 3 binary Hauid storage tank 297, The sump of the
binary Bquid storage tank 297 1s coupled to another binary liguid line 306b whose other end is
coupled to another binary Hquid pump 288h, which is coupled to another one-way check valve
274b whose outlet feeds hack inte the evaporator 286, Connected to the top of the reinforced
tank cover 256 sits a tank over-pressurs relief valve 304 whose outlet end is coupled to-a binary
gas pressure relief Hne 303 which is coupled to a binary gas pressure relief tank 299, Connected
to the bottony of the pressure relief tank 299 is another binary liquid line 306b where the oppasite
end is coupled to another control valve 278e, which is coupled another binary Hignid tine 306¢
that conneets with the binary liguid line 306 that leaves the base of the binary liquid storage tank
297,
[0U58] A combination of lines 306 which then feed their hinary fluid 296 into the inlet of g
check valve 274b and enter the evaporator 286 to begin the binary syt process anew. Also
shown coupled o the side of the condenser 28¢ is a drive liguid condensate return Hine 2922 that
feeds drive liquid 294 futo the input side of a drive liquid return pump 310, The output of the
pump 310 18 fed wto g continuation of refum lne 2923 whose terminal end deposits the drive
liquid condensate 294 into the inside of the top of the tank 134. Shown also, connecied to the
base of the last separator 300 is a drive Hquid retwmn line 2926 which leads 1o the Input side of
another drive hiquid return pump 310, The outlet side of this second pump 310 is connected to
the continuation of the separator’s drive Hquid retura Hne 2926 whe's terminal end deposits
separator-based drive liguid condensate 294 into the inside of the top of tank 134, This Figure
depicts only one variation of the binary system. Not depicted sre various other means of
providing condenser cooling such as cocling towers, evaporative coolers, and chilier units. The
HPC Binary Drive System is antomatically controlled by a control process/svstemn such as
commonty used in geo-thermal binary systems and petto~-chemical plants,
{0091} Fig. 22 shows an HPC operated using a Steam Drive Systen:. An amount of steam 320,
communly available from many different thermial sources such as fossil fuel burning, nuclear
fission vessels, geo-thermal processes, eie., enters the HPC process fhirongh a steam mput line

332a which couples to-a control valve 278a. The outlet of the control valve 2782 is coupled to a
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regulated steam mput tine 322, The distal end of the regulated steam nput line 332b is coupled
to a one-way check valve 274, the ontlet of which is coupled to the HPC drive gas supply line
110 inmde the tank 134, The steam 15 self condensed during HPC operations throngh a
combingtion of drive liquid 111 cooling and expansion in the tank 134 as the stomn runs through
the HPC process from higher pressures at deeper tank depths to shallower tank depths,
{0092} Tank heat build-up is controlled through a temperature management system comprising
of a hot drive hquid evacuation line 330 which begins under the drive Hquid 111 upper surface
inside the tank 134, The bine 330 is coupled to a contral vaive 278b, whose outle! is conpled to &
continuation of line 330 which is then coupled to a Hquid flow pump 142, whose sutlet {s
coupled to the continuation of hne 330 which finally terminates at the cooling posl 154. Colder
coolant is drawn from the cooling pool 154 by drive liquid return line 312 where the other end is
coupled o a drive Biquid return pamp 310, The pump's 310 cutlet is coupled 1o the continuation
of the drive hquid return live 312, where the opposite end of the line 312 is coupled to the upper
edge of the tank 134, where cool drive lignid is tntroduced into the inside of the tank 134,
{00931 A post-HPC steam remmnant 326 leaves the surface of the inside of the tank 134 byva
steam outlet tine 324 conpled to the reinforced tank cover 236 where the other end of the i3
conpled to 3 reaant steam condensing system 328, Such a stewm candensing system 328 s
commonly used in larger steam heating systems used in commercial buildings. Steam
condensate leaves the stean condensing System 328 through a stecam condensate drain line
332where the other end of the drain line is conpled to a conirol valve 2?8‘0, where the ontlet end
of the valve is coupled fo the continuing stearn condensate line 332, The other end of the steam
condensate hine terminates at the cooling pool 134, The HPC Steam Drive Systern is
automatically controlled by control processisystems such as commonty used in stcam beat plants
and coal-based stoam operated power plavits.
[0894] Fig. 23 shows a Large Cascade HPC confignration. A set of cascads BPCs 354 are set at

distance from each other to aﬁmw distribution of drive gases 178 from the lower HPC 354 to

upper tiered HPCs. Ditectly sbove the lowest single or multiple HPC row is a drive gas charge
plitter plate 356 which is coupled to the lowest point of an upward pointing inverse chevron-like

intermediate gas-charge diversion plenum 338, Coupled between the conjunctions of each pair
of side-hy-side diversion plenums {s a drive gas plenum 124 which feeds the drive gas to the
cascaded HC inmmediately above the plemim, The gas charge 178 4s shown at various levels

e
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amongst the HPUs, Ofnote is the relative volume of each gas charge 178 representing the same

mass/namber of gas moleenles of gas at differing lovels of pressures at cach depth. The drive

=2

gas expands as the pressure is reduced, allowing the same gas charge 178 to provide more
buovant volume displacemient in the HPCs as the working pressure is naturally reduced as a
function of depth. In essencs, more HPCs of the same size and displacement can be placed on
cach of the successively shallower upper rowy as shows in this figure, Alternatively, an

3

embodiment not depicted is the use of a large single upside-down pan-shaped drive gas collector
firmly coupled between cach level of HPCs. Drive gases leaving a lower level can be enllecied
m the gas vollector where a gas-filled head space can build as additional gases are collected and
eld. The gas callertor’s inside upper surface at the top of the *head space” can be level te the
horizontal plane so that drive gases can collect to an sven depth across the gas collector,

e

Connected to the upper surface of this “pan-shaped’ gas collector can be plenums 124 where

¥

each plenum 124 receives an equal gas charge because of the drive gas head-space in the
inverted pan gas collector, The drive gases can leave the pan, travel thronsh gas control valves
where sach plenum receives the same amount of gases for their respective HPO s aperations.
[0B95] Fig. 24 shows o depiction of an HPC Base-lead Power Plart. A bank 374 can include
one or more HPCs 102 where the specific HPC size and number of HPCs por bark is destened ia

o

iit the specific operational need of each installation. Shown are multiple barks of HPCs 374

where the delivered power requivement s quite large such as in a base load elecirical power
plant. Also shown is relative placement of s generator 376 placed on sach HPC. Not shown is
the placement of generators on both ends of the HPC allowing a single HPC to ma two smaller

less expensive generators versus one single large generator where design considerations dictate

.:3

b B

such an operation. A control house 370 is shown where the operational control of the HPC plant
iz managed and logistics and maintenance operations are planned and conducted for the plant.
Also shown s a compression building 378 where the management of the drive gases is

onducied whether the HPCs are driven by natural gas, binary svstem gases, steany, or other
fases such as standard aiv. A power house 372 is shown to relatively depict placement of the
electrical combining of multiple generator inputs and output of electrical power on a set of high
tension lines out 380, Not shown or specifically depicted are automated control systems that can
manage the plant wide operations. These automated control systens can be any conventional

5

control system such as, for example, those used in hydro-electric dam slectrical generation plants
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and coal-based steam operated power plants,

{0096} Fig, 25 shows an HPC designed with Deep Vanes and Buckets. A set of deep vanes 110
are provided that define the HPC's bucket spaces 109, Such deep vanes provide longer duration
of buoyancy control of each gas charge held by each individual bucket vane set. The “deep
vane” HPC enibodiment 15 similar to the embodiment of Fig. 1 in all other aspects. Each specific
HPC design is developed with a specification for required power outputs, whers the designers
can change the “wet area” as defined by the HPC 102 outer diameter, center cors support 108
dizgmeter. Additionally, the vane design in both specific curvaturs and length works to achieve
the specific power output geal. Although not shown, there can be a requirement that any design
must have & low relative hydeo-dynamic drag coefficient 1 order o mest rotational mechanical

power output needs.

Operational deseription of how Hydro-pnewmatic Power C viinder aclieves its results:

{0097] The HPC performs work by moving continuously through four phases of nperation: gas
charging/bucket filling; busyancy conversion to rotational mechanical energy; gas charge

depletiowbucket emptying; and back-side transition,

First Exemplary Embodiment: Gassdriven HPC--Plenmum

{0098} In a first exemplary embodiment, an HPC is operated on compressed gases and supplied
gases through use of a plenim chamber. In {hia embodiment, the HPC is designed to drive a
base load/prime power eleetrival generation application. Other designs such as naval power,
mechanical provess drivers, ete., would operate similarly. Additionally, other drive LAS SOTICES
can be used with nocessary design considerations taken into account,
{0099] The entire gas-powered, plonum fed HPC system is ready to operate when the HPC 102
18 properly sttuated in a HPC tank 134 filled with a drtve Hauid 111, The operator, through the
HPC control system, applies teriporary start-up power lo one of more compressor drive molor(s)
140 for powering the compresser(s) 138, Referring to Fig. 7, the conyressors draw drive gas
178 from nside the HPC tank cover 118, through the drive gas return lines 132a, 132b, the gas
spin filter 136, and the intals one-way check valve(s) 141a, The tank cover pressure relief door
9 allows gas to enter the tank cover 118 and provides over-pressure and nnder-pressure

protection 1o the tank cover 118 by allowing any gas overpressure to vent to the stmosphere and
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allowing the wtreduction of atmospheric gases 1o the tank cover 118 interior in the case of
gaseous under-pressure. During standard eperativns, the pressure relief door 119 remains closed
to retain the clean operating gases inside the system, thereby removing the need for gas filtering
subsysiems, One or more compressor(s) 138 can compress the drive gas 178 and release the
drive gas 178 under pressure. The pressurized drive gas 178 exits the compressor 138 as
transporied through the thermally insulated drive gas supply lnes 1164, 116b, the outpat one-
way check valve 141h, and inside the tank 134 10 the drive gas supply control valve 176 (see i,
5). The drive gas 17818 wnder higher pressure than the static pressure of the duive Hquid 111
‘near’ the bottom of the tank 134 and therefore displaces the drive lquid 111, The plenum’s
drive gas supply control valve 176 releases a “set” amount/flow rate of this pressurizad drive gas
178 1nto the drive gas distribution squalizer chamber 177 which allows the drive gas 178 to
expand and equalize pressures to correspond with the depth-based pressure of the drive Hauid
111 mnside the drive gas plenum 124, The equalized drive gas 178 flows through the drive gas

supply poits 168 and mito the drive gas plenum 124,

00100} The drive gas 178 enters the HPC bucket arcas 109 whick are lncated
immediately above the drive gas plenam 124, At the beginning of this start-up sequence, the
HPC 102 is static and not moving. During the HPC start-up operations, the control system
overrides a plenum Hquid-level sensor 170 control of the drive gas supply control valve 176 and
drives the gas supply control valve 176 to the fully open position thereby allowing all available
compressed drive gases 175 to pass through the drive gas distribution equalization chamber 177,
the drive gas supply ports 168 and into the drive gas plenum 124, The drive gas 178 pushes the
deive Hguid 111 level inside the plenum 124 down until the deive gas 178 , compietely tilling the
plenum 124, Onee the plemum 124 is filled, excess diive gas 178 escapes through the plenum
drive gas overflow cutout 125 on the botiom of the “drive” side of the plenum 124, This
overflow cutout 12518 positioned higher than the other bottom edges of the plenum 124, causing

the drive gas 178 to “leak” here first. This “leaking’ drive gas 178 is buoyant and rises through
the drive liquid 111 inside the tank 134 and tnto the HPC bucket areas 109 situated immeds ately
above the “drive” side of the plenum 124,

[o0101} As HPC Veanes 110 constrain the drive gas 178 fnside the individual HPC bucket
arcas 109, these bucket areas 109 il with drive gas 178, This deive gas buoyanily replaces the

drive Hquid 111 nut of the airtight HPC hucket area 109, thereby making that specific bucket
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rea 109 of the HPC 102 full of drive gas and buoyant. Of specific note, and advantageous for

many reasons on multiple embodiments, are vane intermediate supports 112 with their associated
vane intermediate support gas pass-through opemings 113, The vane supports 112 provide
additional strocture to strengthen the HPC 102 by providing additionsl load paths 1o transfer the
substantial loads placed on each coupled vaue 116 under buovant losd to the adjacent vanes 119,
other vane supports 112, the core support 108, any core support intemnal bracing {not shown), and
finglly to the drive axle 104, The openings 113 iy each support 112 separated bucket area 109,

can perforn: the following fanctions: halance gas charges across vach vane defined bucket area
109; allow multiple gas filling/charging designs; and lighten the overall weight of the vane
infermediate supports 112 and HPC 102 a6 a whele. Int the continned start-up sequence, s one
bucket area 109 beeomes fall with drive gas 178, excess drive gas 178 ‘spills-over’ that
particular HPC vang’s 110 lip/edge. These excess drive gases buoyantly float upwards and into
the next available bucket arca 109 and start 1o fill that next bucket area on the HPC with drive
gas 178, Onee enough bucket areas 109 fill with drive gas 178 and the gravity-based buoyant
forces overcome the static inertia of the HPC 102, and the HPC 102 begins to tolate with these
drive gas filled bucket areas 109 moving towards the fop of the tank 134
{BB102] The rotating HPC 102 begins to present liguid-filled bucket areas 109 to the
interior of the drive gas plennm 124, The heavy drive Hguid 111 within the confines of the
newly presented bucket avea 109, by gravity’s affect, buovantly displaces the Hglvter drive gas

178 immediately below this bucket area as present inside the plenum 124, Since the density of

<,

S

most Hiquids is 600 or more tines the density o most gases, the buovant exchange is rather fagt
and energetic in and of Hselfl As such, each newly presented open HPC bucket area 109

'7'
A

gravitaionally emipiies its heavy drive liquid 111 and fills with Hght drive gas 1 Another
benefit of the drive gas plenum 124 design is the energetic Hquid for gas exchange. The drive
higuid 111 in the operational HPC bucket areas 109 are rotating around the HPC drive axle and
are under centrifugal force. When exposed to the Interior of the plenum 124, the drive Baquids
HT are snergetically gjected out of the buckets. This cenirifugal ejection of drive liquid 1171 past
the HPC vane 110 oparts further rotational energy that can exceed the gravitationally draining
of drive hquid 178 out of the bucket sreas 109, This additional liquid-flow centrifugal-based
rotational mechanicsl energy is additional to the rotational energy imparted by HPO s buoyanoy

forces glone,
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{80103 The rotating HPC 102 builds power and speed as more buckets fill with drive gas

178 and passes over and away from the drive gas plenum 124, The HPO s drive-side percentage

e

of gas-filled bucket areas 109 increases and therefore more bupyant ensrgy is continually present
on the HPC vanes 110, imparting more energy and speed to the HPC 102, The rotating HPC 102
removes drive gas 178 frow the pleman 124 which is continuously replenished with newly
defivered pressurized duive gas 178 as previously discussed. Onee the HPC 102 &8 votating, the
HPC Control Systern beging using the output of the plenum liquid level sensors 171 in the Hquid

level sensor assembly 170 to set the volume of gas to be released into the drive gas distribution

Ci"

equalizer chamber 177 which n turn sets the plenum 124 drive Hguid level. The liquid level
sensors 171 can detennine the drive Hquid level inside the pleram 124 and itz Jocation on the
side of the plenwmn 124, The placement of the sensors 171 determuines the liguid level of the
plenum 124 and sexves to set the desired setting of the drive gas supply control valve 176 which
operationally controls the flow rate/amount of drive gas 178 allowed to enter the plenum 124,
Thas figeid level sensing and flow rate setting activity continues to the peint where the flow
rate/amount of drive gas 178 supplied to the plenum 124 mests an equilibriur with the amount
of drive gas 178 being removed from the plemum 124, Such drive gases 124 depart the plenum
124 avea inside sach of the HPC bucket arcas 109, thereby setting the drive Hquid 111 level
mside the plenum 124, A conventional gas control subsystem in the HPC eontrol system esn
manage the plenum’s 124 dvive lquid levels such as psumatic distribution and control systems
oy industrial blow-molding facilities.

{00104] The drive gas plenun 124 is situated inside/between the interior edges of the
HPC's end plates 114 and the plenum-to-HPC vane seals 172 work to retain drive gases 178
inside the plenumi24, and exposed HPC bucket areas 109, Such design prevents drive gas 178
from leaking around the HPC vanes 110 adjacent to the expesed vanes 110 as these vanes
tramsition into and vut of the plenan’s drive gas supply area as defined by the opening on the top
of the plenum 124, The seals 172 are supported by a seal backer plate 174 on each end of the
plenim 124, and the backer plates can be reinforced by seal backer plate supports 175, There
can be other means of sealing the plemum to HPC interfaces.

{B0105) As the HPC 102 rotates, the drive gas 178 remains inside the HPC bucket areas
109 providing buoyant forces for powering the rotation of the HPC 102, As the drive gas filled

HPC buckets 109 rise along the drive side of the HPC 102, the drive gas 178 filled ares of each



WO 2011/008482 PCT/US2010/040130

bucket area 109 proportionally diminishes based on the aspect of the HPU s vanes 110 in relation
to the horizontal level. The drive gas 173 inside the HPC bucket areas 109 *spills” out of the
bucket as the aspect of the HPC vane’s distal {pufer} edge approaches the horizontal position as
caused by the rotation of the entire HPC 102, In essence, the vane 110 1s rotating relative to the
honzontal and the drrve gas is replaced by drive liguid 178 as the vane's 110 outer edge rotates.
The HPC bucket sreas 109 continue to *spill” their submerged e:;xp{::mk:d drive gas 178 contents
as the buckets approach the top-most position caused by the HPC s rotation. By the time the
distal edge of the HPC bucket 109 reaches the “zere degres” position in the HPC s rotation,
almost all of the drive gas 178 will have spilled out of the bucket, being replaced by significantly
heavier drive liguid 111, based on gravity™s buoyant effects. For example, gases such as air
weigh (.08 1bs per cubic foot and heavy Hquids such as water weigh 62.4 Ibs per vubic foot.
There areorany combinations of drive gases and drive liquids available which can be used in the
HPC. Qptimally, the drive bgud will be as dense (mass per volwme) as possible with a low
drag-ttoparting viscosity, and the gas would be as light as possible since the density difference
between the two substances defines the amount of buoyant forces per volime wnit of meastre

availahie 10 do work,

[08166] Asthe HPC 102 continues to rotate, the drive lquid-flted HPC bucket areas 109
progress past the top-most position and then rotate down the non-drive side of the HPC 102,

These drive hiquid-filled HPC bucket areas 109 continue to be transperted by HPC rotation and
then enter into the drive gas plenum 124 to begin the drive gas 178 filling process all over again.
Once the entire HPC operational process is started, the filling and emptying procsss is
continuous and will not stop unless the drive gas 178 supply is stopped or the mechanical
process-based vesistance on the drive axle 104 opposes and exceads the HPC's rotational
energies. Where desived, snch as prime power generation operations, multiple compressor
designs allow virtually endless operations, where logistically any specific compressor can be
taken offline for maintenance or replacement, while other compressors continue to deliver the
nevessary pressunized drive gas supply. The inline gas cheek valves 141aand 141h as shown in
Fig. 7 allow for compressor maintenance or replacement by preventing drive gas pressure Josses
from under-maintenance conyression squipment..
[R8167] Once the HPC 102 reaches its optimal operating speed, the entive process reuses

the same drive gas 178 thersby eliminating the need for any gas filtering squipment, keeping the

ey

Fed
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drive liguid 111, compressors 138, tn-line one-way check valves 141, thermally tnsulated drive
gas supply lines 116, and deive gas return lines 132 free from external debris and comtaminants.
{B0108] Other features of the HPC design include low friction HPC support bearings 130
and low maimtenance hqud-tight tank seals/stuffing boxes 122, Liguid temperature i3
maintained through contrel of the temperatures of the pressunized drive gas 178 and the
cirenlation of heated compressor coolants through the tank 134 and 4 Hauid cooling pool 154
(when necessary) as depicted in Fig, 8. Gaseous heat of compression concentrates thermal mass
where the thermal energy inthe drive gas 178 is concentrated into a smaller area during
compression, as shown by gas compressor outlet pressure Hnes that are hot to-the-touch during
compression operations. The converse i taud when the drive gas 178 is allowed to uncompress
where the heat retained in the gages is cx;pa.ndcd by volume and thereby such sxpansion lines feel
cool to the touch as the pressurized gas is released. The expanding drive gases 178 inside a drive
gas plenum 124 are relatively cool and can chill the drive liquid 111 by continucusly absorbing
heat during the drive gas expansion in the deive gas distiibution equalization chandber 177 and
the plemam 124 and the HPC's rotationally-based transition frow higher depth-based pressures in
the bottorn of the tank fo the lower depih-based pressures at the fop of the tank. The thenmal
energy provided duving the gases’ expansion come from the localized environment, e, Som the
surroanding drive Houd 1110 If not designed properly, the drive lapuad 111 can be continually
chilled by gasecus expansion activity o the point of solidification/freezing. Such gas-expansion
ch,i‘lii-ng!csoling action 13 the basis of larger passenger sirerafl afr conditioning systems desizns.
Unchecked, this cooling effect can slow or stop HPC energy extraction if the thermal energy
content of the entive HPC operation {s not managed.

{00109} Thermal management, as depicted by Fig 8, begins by compressing the drive gas
178 and retaining the heat of compression so that that samefequal amount of heat is available to
the drive gas 178 during expansion so that the tank’s drive Iiquad 111 is not “chilled™ to freezing
levels by continuous HPC operations. The pressurized drive gas 178 can enter the thenmally
insulated drive gas supply lines 116 maintaining as much heat of compression as possible for the.
subsequent drive gas expansion. Some heat from the compression processes can wso be
avatlable to make up the beat lost from the drive gas 178 during transmission throagh the
thermally insulated drive gas supply lines 116, The continuousty operating compressor{s} 138

generally require liquid cooling to maintain efficiency and reduce opsrational wear-out from
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inoreased temperatures caused by frictional activity inside the comypressors. Some gas
coanpression designs can alse capture heat from the slectrically-driven compressor drive
motor{s} 140 which drive the compressor(s) 138, Keeping the motor(s) cool with designed
hquid coolant jackets {not shown} can also extend their useful ife and reduce electrical loads
reguited 1o run the compressors.
[00110] The hquid coolant cireit, as depicted in Fig. &, starts from the tank 134 whers
warmner tank dryve hiquid 111 s drawn out of the top of the tank by passing throngh the HPC
liguid outlet line 146a, a first two-way Hyguid flow valve 144, liguid outlet line 146b, liquid flow
pump 142, a second two-way hquid flow valve 144b, and into the Hquid cooling pool 154, The
“cooled’ Hguid is polied from the liquid cooling peol 154 through a third twe way Hauid flow
valve 1dde, the compressor Hgnid inlet Hne 1504, the compressor’s Hguid Sow pump 1425, the
compressor liguid inlet line 150b, and through the compressor’s 138 liquid voslant system (not
shown}. The heated drive iguid 111 exits the compressor's 138 coolant system after being
rachiantly heated by the compressor’s operations and passes through the FPC liquid inlet line
148z, another two-way Haquid flow valve 1444, the HPC Hauid inlet Hine 148, and back into the
fank 134, Between the two-way liguid flow valves 144a and 144e, located outside the tank 134,
is a bypasgs cirewit with a liguid bypass line 152 which, when activated, direcis drive hiquid from
the compressor 138 to bypass the tank 134 and veturn to the liquid cooling pool 154,
{00111} If the drive iquid 111 temperature inside the tank 134 13 al or above the design
temperature, the tank bypass system is activated, This activates the set of two-way liquid flow
valves 144a and 144e to direct drive liquid 178 through the liquid bypass line 152 and the liquid
flow pump 143b, such that the drive Haguid 178 flows from the compressor{s} 138 through the
liquid bypass ine 152 and into the lquid cooling pool 154, I the drive Hguid 111 in the tank
134 is cooler than the design temperature, then the Hquid cooling pool bypass circuit is activated
to flow heated drive Hquid 178 to enter the tank 134, The flowing of heated drive liquid 178 into
the tank 134 ocours when the set of two-way hquid fow valves 144b/144¢ and lgnid Sow
pumps 1422 and 142b are energized and the cooling liquid bypasses the higuid cooling pool 154
and goes directly to the compressor 138 fo pick up heat from the compression processes. Aa
antomated HPC temperature control subsystem san he any conventional control subsystem
having a thermal control civouit such as is used i petro-chemical distillation plants and industrial

food packaging plants. As part of the HPC control svstemn, the temineratare control sitbsystem
p 3 : 1 )
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can pertorm the teraperature conrol actions autonemeusly. In one embodiment, if water is used
as a drive Houid 111, the temperature of the tank 134 can be maintained betwesn approximately
38 - 40 degrees Fulwenhalt, 1.e, close to the maximuan density of water, thereby maximizing the
buoyant forces available for the entive provess. Any Liguid or combination of diffevent liquids
can be used as a drive liguid such as bromine, mercury, or compounded liquids such as water,
chionde, citric acid, carben disulfide, sthylene bromide, ethylene giyeol, ste. Use of other
specific liquids as drive Hquids can have ditferent optimum temperatures for operation. Also,
any gas or combination of different gases can be used as a drive gas such as hyvdrogen, helinm,
nitrogen, air, natural gases, carbon dioxide, et

{00112} Yor electrival power gencration, such as depicted in Fig. 9, the HPC 102
rotationally powers the outer drive axle 107 which protrudes from the side of tank 134 to provide
rotational energy/power for any desired purpose. For an electrical energy prime power
application, the axle 107 can couple to an HPC drive axle power release 156 that acts as an
overdrive/over-pressure clufch for profecting both the HPC 102 and the specific ag;ﬂ:icati@m
running gear from damage should a malfunction stop the process on sither side of the cluteh 156,
The power shaft 157 delivers rotational power o a step-up gearbox 138 which exchanges a
portion of the torgue generated by the HPC for an incresse in rofational speed. The desired gear
ratio of the step-up gear-box 138 is dependent on the specific power input needs. The gearbox

158 ontput can be watched o the specific alternator/generator 160 needs. The intermediate

f”(

power shaft 139 delivers rotational power from the step-up gear-box 158 to the alternator or
generator 160 for creating electrical power. The slectrical power is drawn off the altemator or
generator 160 by an allernator/generator power cutput line 180 which couple to the elecirical
oulput control system 164, The electrical output control system 164 can split electrical output
power between necessary components, such as running the compressor drive motor(s) 140, HPC
pumps and subsystems, or providing the remaining electrical power to an external power output
distribution systemn on the electrical output lines 162, In a selfipowering desiyn, once the system
is producing sufficient electrical power, the elecirical output control system 164 shuts off all
external power to the compressor drive motor(s) 140 and foeds the compressor(s) power from the
alternator/generator 160, I a gonerstor 160 s used, the divect cirrent produced by the generator
160 can be converted to alternating current by the electrical ontput control system 164, Such

mverted power can be distributed to the compressor drive motors 140 with remaining elecivical

(78]
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posver beinyg transmitted for extornal usage,
{00113} Fig. 24 depicts one exemplary embediment of the HPC providing base-load prime
power, where the banks 374 include multiple HPCs 102, Depicted are the generators 378
coupled to the inchividual HPCs 102 providing electrical power o the HPC plant’s power honse
372, and the HPC plant lngh-tension electrical feeder tnes 380, The HPC plant compression
house 378 adjacent to the banks of HPCs 374 van provide the drive gases 178 for HPC
operations. Also shown is the HFC plant control house 370 from which the entive HPC plant
complex is managed, logistically supported, and maintained.

[00114] An alternative design to this emabodiment is shown in Fig. 23, Specifically
designed “cascade” HPCs 354 allow reuse of drive gases through multiple HPCs 354 in one pass.
The drive gas 178 1s introduced into the lower HPC’s plenami{s) 124. As the drive gas 178
operates the lowest level of HPCs 354, it emerges front the top of that level and is recollected by
use of a drive gas charge splitter plaie 356, The splitier plate 356 is positioned to colleet the
appropriate greount of drive gases on each side so as to present an equal gas charge to the
mtermediate gas charge diversion plenum 358 which accurmulates spent drives zases 178 to pass
nto the drive gas plenum 124 and HPCs 354 in the next row (e.g., second row) shove the bottorm
row of HPCs 3540 If two HPCs 354 on the botion row feed spent/expended drive gases 178 into

three HPCs on the second row, then two-thivds of sach of the bottom row’s HPC drive gas 178

can be allocated to each of the successive row's plenums 124, The ascension of the drive gas
178 in the lank 134 (oot depicted in Fig. 23) brings reduced depth-based pressure on the drive

gas 178 and therefore allows such drive gas 178 to expand as it rises in the tank. Expanded drive
gases 178 allow the same drive gas chatge o operate additional HPCs 354 on each successive
row. The drive gas charge splitter plate 356 can be positioned to apportion the drive gases
aceordingly. In the second row of three HPCs 354, which are foeding four suceessive HPCs 354
w the top rovw, the outside second row HPCs can apportion their splitter plates to provide three-
guarters of their drive gases to the outside HPC's 354 on the upper row and orly one-quarter of
their gases to the faner HPCs on that same upper row.  The middie HPC 354 in the second row
can have it splitter plate sel to apportion half of #is expended gases to the two inner HPCs on the
top row. Inthis example, all of the HPCs 354 on the top row can receive three-quarters of the
gas charge of each of the HPCs 354 in the middle or second row. The reduction in pressare on

faed

the drive gases 178 as caused by a reduction in depth allows the expansion the drive cases 178
¥ P &
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and each of the (op row of HPCs 354 will receive as much deive liquid 111 displacing drive gas
178, by volume, as the preceding HPC rows. Alternatively, an embodiment not depicted is the

“

use of a large single upside-down pan-shaped drive pas collector firmly affixed hetween cach
level of HPCs. Dirive gases 178 leaving a lower lovel can be collected in the flatsrpofed gas
collector where a gas-filled head space would build as additional gases are accumulated and
held. The gas collector’s Inside upper surface at the top of the “head space’ waould be level to the
horizontal plane so that drive gases would collect to an even depth across the zas collector.
Conneted to the upper surface of this “pan-shaped” gas collector can be plenums 134 where
vach plenum 124 recetves an equal gas charge becanse of the drive gas head-space in the
inverted pan gas collector. The drive gases can leave the pan throngh openings coupled to
plemum gas controd valves whare sach plenum on a given row receives the same amount of gases

for their respective HPCs operations.

Second Exemplary Embodiment: HPC-based Naval Power Apolication

fo0115] I a second embodiment, L.e., a naval power apphication, the entive HPC and its
sub-systems can be accommodated juside a boat/ship huil as shown in Fig 10, Many of the HPC
operations described above are the same for this enibodinment and thus will not be repeated,
Several design accornmodations can be made o put a ship-bome HPC into operation. The Naval
HPC's thermal management of the drive lquid 111, is accomplished by pumping water 182
external to the ship through the water intake port 186 via a water intake pump 188, The same
water is also pumpud throngh the compressor liquid inlet line 150 and the compressor’s Haguid
coolant system. The drive Hauid 111 exits the compressor 138 through the HPC Haquid inlet line
148 and flows fo the HPC liquid bypass system, This bypass system consists of a two-way ligaid
flow valve 144 which either directs the drive Hiquid 111 into the sealed HPC tank system 190 to
raiss the temperatare of the drive liquid 111 inside the tank 190 or directs the drive lguid 111
into a tank bypass purge lne. This purge line would bypass the tank 190 and couple its Bow
directly to the sea water outlet port 197, The aft end of the tank 196 i relation to the ship hasa
water system ouilet valve 196 aft of the bottom of the lank 190 which opens to allow tank-based
Lguid to be dumped off board through the water outlet port 197, The Naval HPC System's
power generation system with a direct-deive arrangement where the onter drive ade 107 is

X3
}

coupled with an alternator/generator 160 and otherwise operates sintilar to the prime-power

T
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goneration design discussed earlier. In a naval ship-bome application, some slectrical power san
be applied to the ship-drive motor(s} 192 which rotates propeller shafi(s) 195 and the ship’s
propetier(s) 194, Additionally, some of the electrical energy can be used to energize the
compressor drive motor(s) 140, and the romaining elecirical energy can be dispersed o the ships
other systenis as needed. Naval HPC Systerns, depending on specified design requivements can
acconunodate single or multiple HPC systems which can use stagle or multiple compressor

designs as well as single or multiple ship-drive motor/propulsion designs.

Third Exemplary Embodiment: Direct injection sas-drtven HPC

[00116] As depicted 1n Fig. 18, an HPC 102 can be gas-charged by means of a rotary
vatve arrangement where the HPC 102 rotates and the valve body is static, In this embodinent,
the HPC 102 can have a rotary valve body 226 centered on the HPC drive axle 104, fitted in 2
recess in each ofits end plates 114, The rotary valve body 226 provides direct injection of gases
into the bucket areas as they rotate thvoush the bottom postiion of the HPC 102, Draring
operation, the direct injection gas-driven HPC 102 has drive gases 178 transported through the
thermaity insulated drive gas supply line 118 to the stationary rotary valve body 236, The drive
gas 178 continues throngh the rolary valve gas passageway 228 and enters the rotary valve gas
exission orifice 230, As an HPC bucket area 109 transiticns through the fowess pomnt of ity
rotation and passes this orifice 230, the drive gases 178 enter the core support eylinder-end of the

bucket avea 109, In this embodiment, the core support eylinder has core evlinder support gas

ey

-

orifices (not shown} cut out of the “floor” of each bucket where each arifice corresponds 1o each

end of the bucket area 109, Each bucket arca 109 has two orifices, one formed in sach distal end

of the bucket area’s “floor’. When these orifices begin to overlap the rotary valve gas emission
orifice 230, gas is transferred to that specific bucket area 109, The gas chas rge for sach bucket

ares 109 is determined by the diive gas 178 prossure, size of the rotary valve gas emission onfice
230, size of the HPC core support 108 orifice, and the speed of rotation of the HPC. The design
and end-use of the HPC are to be matched where the specifically engineered design
measurenients of the ortfices will be set. An external baffle 236 can be stativally suppmfteﬁ by
batle-to-tank supports 238 where this singular or set of multiple baffles 236, can be added to
provide liquid back pressure to the drive liquids 178 being pushed out of the bucket areas 109 by

the direct gas injection, giving a boost to the pump-fet action of the direct injsction desig,

L3
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{00117} Alternately, the HPC core support 108 can be designed to not meet the end caps
114, where the inner proximal end of the rotary valve body 226 abuts the distal ends of the core
support 108, I this alternative to Embodiment, the rotary valve body’s 226 proximal end can be
capped off 1o provide a solid internal support to the large rotary valve body 226, This alternative
would make provision for the drive axle 104 to be strongly coupled to the HFC core support 108
by an mternal structure {(not shown). This deive axde 104 extends completely throush the center
of the rotary valve budy 226 so as to couple with outer drive axles 107 and other machinery as
specified by the end use of the system. A second altermative would be to affix the HPC core
support to the inside edge of the mde»pi'rtc 14 where the ratary valve body 226 slides into the
insude of the core support 108 in a close tolerance manner. The drive axle 104 would again be
strongly coupled to the core support by an internal structure and extend from the core support
attachument through the rotary valve body 226, An amount of drive gases 178 can be divected to
this narrow area between the cuter face of the rotary valve body and the inner surface of the
sxposed HPC core support 50 a5 to aot as a cushion between the twa surfices. Such a design
wonld allow the rotary valve body 226 to sct as a large afr bearing eliminating a need for the
HPC axle bearings 120, In any of this embodiment’s alicrnatives, the direct filling of the bucket
areas 109 from the inside out can provide a jet-pump-like boost to the HPC's total power output.
Sinee the direct injection filling action cecurs in vach bucket area 109 during operational use,
thas boost is continuous and is additive to the HPC's huoyancy-based power ontput,

Fourth Exemplary Embodiment: Natural Gas Duven HPC Overstion

jO6118] In avother smbodiment, a natwal gas driven HPC is constructed similarly to the
first embodimens and depicted in Fig. 20, The HPC 102 nses natural pas a8 a compressed drive-
gas sowree. In industrialized countries, natural gas is transferred from supply sonrces to the end
users through pipelines at high pressures up to 1200 psi. A natiwal gas driven HPC systens can
be situated near the end user, where the gas pressure is reduced from transportation pressures o
vegulated pressures for use such as industrial applications and residential interior heating and hot
water he:aating.
{00119 This embodiment {8 operated by high-pressure natural gas being introduced to the
HPC system through a natural gas high-pressure inlet line 250 which brings the natural gas o a

natural gas inlet pressure vegulator 252, After passing throngh the inlet pressure regulator 252,

fosd
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the natural gas fows to the task 134 through the repolated natural gas inlet line 2534 where the
natural gas moves into the thermally insulated drive gas supply line 116, The tank 134 has a
renforced tank cover 236, which is securely coupled to the tank. In Fiz. 20, the tank cover 256
is coupled by use of reinforced tank cover hold-down bolis 258. The reinforced tank cover 236
can be strongly coupled i place by other means such as massive and extensive weight, tank
cover latching systems, an interference means, strong wraps/tics/cables, or any combination
thereof.

{06126} Onee the natural gas has departed the upper surface of the drive liguid 111 inside
the tank 134, it flows out of the tankftank cover through the natural gas HPC outlet line 260, The
natural gas then travels to a single or multiple sot of natural sasidrive liquid vapor separator 262
where the separaied deive lguid 111 is separated from the natural gas and drawn oft the
separator where drive liguid return pump 310 sends the reclaimed drive Hiquid through the drive
fiquid condensate return ine 292 and deposited back to the tank 134, The “scrubbed’ cleaned
natural gas leaves the separator 262 through the separator natnral gas outlet line 266 and enters
the natural gas post-separator pressure regulator 268, where the natural gas pressure is dropped
10 a process ending pressure ready for end customer use through natural gas post-HPC outlet
service ling 270,

{03121} An alternative embodiment can have the gas leave the separator 262 through the
separator nateral gas eutlet line 66 and enter 3 natural gas recompression station (not depicted).
The post HPC system re-compressed natural gas could then be re-distiibuted along another gas
distribution system. This can allow waste-less electrical energy generation anywhere along a
high pressure gas distribution line. Either embodiment can include conventional automated
supervisory control and data acquisition (SCADA) systems to control any remete natural gas
driven HPC operations from significant distances. Like the previously described embodiments,

antomated confrol systems are used in the petro-chemical gas distribution industry.

Fifth xemplary Bmbodiment: Thermal Binary Gas Driven HPC Uperation

{00122 In a different embodiment, the HPC system can be driven by thermal sources by
use of a “binary systers”, One skilled in the art will understand the function of many of the
components shows m Fig. 21, A heat source from geo-thermal/coal firedtiquid fossil
fucls/natural gases/ nuclesr processes enters the Thermal binary drive HPC systent at two

-
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locations. Frvsl, the heat source provides heat through the thermal source input line 282 as
controlied by a control valve 278 and enters fnto the binary system evaporator 286, The heat
then evaporates a low boiling point binary drive liquid sach as tso-butane or pentane into a
binary drive gas. The expended heat source material can return to the heat source processes
through the thermal source retarn Hue 284,

1861234 The aforementioned evaporated binary drive gas, under significant pressure from
the evaporation process, flows through a contrel valve 278 along the binary drive gas mput line
280, through a one-way check valve 274a and o the tank 134 for buovantly driving the HPC.
Use of safety preventatives such as check valves, multiple control valves, ele., act as redundancy
measures should primary safety systems such as supply lines, pumips and other valves fail.
{60124 The second use of the heat source 1s to bring the drive liguid inside the tank 134
to & temperature well above the boiling point of the binary drive gas. The pressure on the binary
detve gas from the evaporation process and the depth of the HPC inside the tank 134 bath work
to increase the boiling point of the binary drive gas. Without increasing the drive lguid's
temperature above this uader-pressure binary drive gas hoiling point, the binary gas would
condense wside the HPC and therefore not provide much buovant force for mechanical rotational
power conversion. The beatl source supplies heat through a separate closed loop system as
depioted by tank heater cirenit 276 and the associated control valve 278, Tank heating can be
automatically controlled by conventional control circnit, potentially as simple as the whinuitons
thermocouple control cireuit on a hot water heater.

jog12s] Unee mside the tank 134, the HPC can operate ag previously describes in the
embodiments above. The spent hinary drive gas can exit the drive Hquid inside the tank under
the reinforced tank cover 256 and enter the binary drive gas HPC outlet line 302, The line 302
takes the binary drive gas to the binary drive gas/drive lquid distillation separator system 300.
The separator system is often used in the petro-chemical and food processing industries. Tn Big.
21, a process is shown for remaoving the drive liquid 111 from the binary drive gas. The drive
tiguid is drained off by a drive liquid retum pump 310 and subsequently retnrned to the tank 134
through the dove liquid condensate return lne 292,

o

[0R126] The binary drive gas leaves the separator process through the binary drive gas

condenser input fine 298 as regulated by the oontrol valve 278 and enters the binary system

condenser 290, Onee inside the condenser, the binary drive gas condenses info the binary tigud

feed
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coendensate 296, The condensation achion applies suction o the binary gas lines feeding the
condenser siding evacuation of the separator system 300. Low pressures assist the condensation
of higher boiling point liquids such as the drive Hauid as in relation to the binary Bquid. Any
trace amownts of drive liquid ramaining in the binary gas stream enjering the condenser 290 will
then condensate and drop to the bottom of the condenser 290 and arve drawn off In the drive
ligunid condensate return e 292 by the drive liguid retwn pump 310 and then retomed to the
tank 134, The condenser coolant circuit starts at a coolant source such as a cooling pool 134
where a condenser coolant inpet fine 314 dmaws coolant from the pool as controlled by the
condenser coolant prmp 316, The coolant is passed through the condenser’s closed coolant
cireuit while it absorbs heat front the condensing sased and Jeaves the condenser 290 and retumns
through the condenser coolant retarm Hne 318 © the cooling pool 1584, Altemnatively, this
embuodiment can use other means to disperse the coolant’s thermal energy such as cooling towers

and/or evaporative coole

re/ctuilers.

{0B127] Binary hiquid leaves the condenser 290 through a binary Haquid Hine 306 as
pumpead by the binary Hquid pump 288 and is then deposited into the binary liquid storage tank
297 for reuse in the closed loop binary system. The storage tank 297 then provides binary liquid

‘to the binary lignid purap 288 which then pamps the sppropriate controlled amount of binary

liquid into the evaporator to continue the binary system cyele continuously,
{6U128] This embodiment alse features a tank over-pressure relief valve 304 which

provides over-pressure relief for the tank 134 and reinforced tank cover 256, The tank over-
pressure reliel valve 304 outlet is conpled to the binary drive gas pressure relief Bne 303 which
directs any vented binary gas for temporary storage to a binary gas pressure relief tank 299, The
radiant cooling of the binary gas inside the pressuce relief tank 299 and the slevated gas pressure
inside an activated prossure velief storage tank 299 can canse the binary gas to condense where it
can be drawn off the tank by another binary Hguid line through a control valve 278 and either be
stored in the binavy liquid storage tank 297 or drawn by the binary liguid pump 288 into the

evaporator 286 for reuse.

{06128} Alternately, this embodiment can eliminate the binary gasidrive Hguid separator
Sy 300 entirely with a condenser desiga allowing for continuous condensing and separating

of the binary hiquid condensate 296 and drive liquid condensate 294,
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[08134] Inanother examplm‘y emhﬁdin‘mm steam is used at signiﬁ{:aixt pressure o drive

the HPC 102 mside the tank 134, In essence, a heat sowree such as but not Emited to geo-

thermal/coal fired/liquad fossil fusls/nat igasw nuclear processes heats and provides the
steam to the HPLC for operational pse, In Fig. 22, the steam 320 enters through the steam it

Hne 322 a5 managed by control valve 278, The steam then continnes to the tank 134 through
contimution of the steam Input ine 322, The sieam enters the drive gas sapply Bne 116 and
pawers the HPC.  However, wside the HPC, during operations, several important processes
oconr. As hot steam fills the HPC buckets 109, some of the steam will condense into water and
join the drive lquid inside the tank, imparting its thermal energy to the surrounding tank lquid
and HPC structure. As the tank internal environment rises in temperature, & higher percentage of
steam will remain in its energetic gaseous state for a longer period, imparting buovant forees on
the vanes of the HPC. The HPC 102 will begin to rotate as more steam enters the HPC's buckets
and imparts more thermal energy 1o the tank environment. Ata temperature, dependent on the
drive liquid composition and associated effective boiling points, the HPC will schisve thermal
stasis and the steam will effectively operate the HPC as any other drive gas. At the HPC steam
stasis point, the steam will enter the buckets and operate the HPC where the initial Dressure
keeps the steam’s lgtent heat above the boiling point of water, However, as the HPC rotates and
the buckets 109 vise from the tank’s 134 depths, the steam as 2 gas will receive loss gxtemally
applied pressure and begin to expand in volume. As the steam expands in volune, the latent heat
of the steam s stmilarly expanded and therefore overal] heat per the volume ares decregses in
accordance with all known gas pressure-volume-temperature laws, Additionall v, the HPC
sfrocture surrounding the steam is absorbing some of the remaining heat in the steam. At stasis,
the HPC buckets begin at the bottom with a full gas charge, and by the time fhe steam bucket
reaches the top position, the stean has fost its thenmal enerzy through thermal conductance and

expansion by way of decreasing tank depths and the steam has condensed into water,

{00131} To mamiain stasts, the tank environment must be maintained at the stasis
temperature. The constant introduction of new steam will over time increase the tank’s internal
temperature to above stasis and be less than ideal for effective steam operations, forcing the need
for additional thermal mansgement efforts. Te maintain stasis, the tank temperature will be

managed through use of a conling sourse such as a cooling pool 154, Alternatively, other
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X,

coolitg systems can be used such 85 cooling towaers, evaporative coolers, and chilier units. Hot
drive liguid will be drawn off the top of the tank 134 threugh the hot drive ligiud evacnation line
330 as managed by & control valve 278 and continved through a Tiquid flow pump 142, The
pump's cutlel would then bereleased into the cooling pool 154, Cooler Hguid would be draswn
from the cooling pecl throngh the drive Hquid retuwm Hne 312, a drive Hauid return pump 310 and
be depaosited back inside the tank 134,

{00132} Alternately, if a drive hiquid is used which cannet or should not be released o
an open cosling pool, a clesed eirouit cooling Inop can draw the hot drive liquid from the tank
and be pumped through a closed-circuit cooling loap to be retumed to the tank 134 with less
thermal energy. Sueh designs are commmonly used in cooling towers and fmmersed piping

cooling systems in thermal tank environmental controls for large buildings in oftics sround the

waorld.
30133} For those steam gases remaining above the surface of the hot drive liguid, a steam
outiet e 324 can draw off the used post HPC steam remnant 326 and take if to 2 renmmant steam

condensing system 328 where the steam s condensed. Post-condensing system water can be
taken by a steam condensate drain Hoe 332 w the cooling pool for storage or hack to the steam
generation sonree for reuse.

[B0134] While exemplary embodinents incorporating the principles of the present
invention have been disclosed hersinabove, the present invention is not Bmited to the disclosed
embodiments. Instead, this application is intended to cover any variations, nses, or adaplations
of the mvention using its general principles. Purther, this application is intended $o cover such
departures from the present disclosare as come within known or customary practice in the art to
which this fvention pertains and which fall within the limits of the appended claims.

[00135] Qe of these sach variations can inclade filling HPC buckets by use of a partial
length plenum where such a plentan is placed between extended-cironmifcrence intermediate
vane supports which act as extra-plenum seals where the gas is transferred from the plenum to
the backet spaces directly above the plenum and the gas disperses along that bucket space
through intermediate vane support gas pass-through heles, More than one partial-length plenum
may be used on ¢ single longer-bodied HPC. Ancther variation may include fitling HPC backets
by use of gas directors located below the HPC, axle-based gaseous injection, and HPC side-

vents/passagewsys gascous injection. Qther embodiments may build the HPC with varving
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‘bueket shapes and sizes.

[00136] Another embodiment may use various compressor types and displacements to
supply HPC drive-gases. It can also be possible to have an HPC wnit run inside various hauwd
tanks such as a fexible sea tank/bladder, a rigid-solid-sealed tank, ste. Alternatively, it can be
posstble to bave an HPC unit run 1n @ natural submarine onvironment such as a river, lake, sea or
ocean without a solid walled tank. Such alternative can use an open-to-the-sea/lake/ecean
structure to hold the bearings and other normally internal-to-tank ftems such as drive gas supply
ﬁl'ine:s‘, plenums, oic. Such an arcangement would have the means fo fransfer the mechanipal
energy to the surlace such as by use of 90-degres pearboxes and vertical power transmission
shafls,

{60137} insonie embodinments, the HPC can be operated pressure capable tanks In a sexial
sequence using the same gas charge gomg from one tank and into another in & sertal mamier. In
addition, the HPC can operate in a reverse cascade stack using the same gas charge where the
drive gas is pumped to a bottom HPC, used hy the bottom HPC then collected intermal to the tank
and applied to another HPC directly above the bottom HPC. This enibodiment could have
multiple HPCs on the upper stages of the cascade where the bottom HPFC is a single or double
row of HPCs, the next stage or level could have a plirality of HPCs driven by the re-combined
lower pressure expanded drive gases. The greater number on cach higher stage is allowed by the
expansion of the drive gases ay they rise from the depth of the tank.

{00138} I addition, the HPC can be operated as sither a sole wnit or multiple units at a
power station to provide electrical power, A single HPC can operate on its own to provide high

forque for varions processes.

{00139} fiv an altornative embodiment, it can be passible to use different pases andfor
mixtures of gases ag the drive gas for the HPC. Also | different liquids and/or Hquid mixtures

can be used as the drive Hquid for the HPC,

{60140} The HPC can be built m various sizes from small power unils to mulii-megawatt
wiits. The HPC can be used to drive alternator(s) andfor generator(s). The HPC can also use
aliemate temperature control techmiques, such as cooling pools and refiigeration, for example, to
control the hiquid temaperature for both the HPC and the compressor. This is essential i 8 hot or
muolten substance is used as the drive hquid.

01411 The HPC can run generator(s) or high torque process{est using direct-drive

e
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without use of a drive axle speed step-up apparatus. It can be possible to use an HPC unit to
drive an indastial apparatus versus an electrical alternator/ generator, to provide drive power
naval vessels, to provide prinie electrical power for naval vessels and or naval deilling platforms,
10 provide prime electrical power for ccemynaval drithng platforms, andior to drive water pumps

for hydro-electric dam pump back or irrigation.

0142 In another embodiment, an alternate axie gas introduction design can be used for
imtroducing micro-bubbler gases for micro-bubbler processes on HPC vanes and end-plates,

thereby allowing the use of both ends of the HPC axle shafl to dvive power generstion or other

indusirial uses.
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WHAT I8 CLAIMED 1S:

1. A hydro-pneumatic cylinder, compwising:

afirst end plate and & second end plate oppositely disposed from one another inthe
cylinder, the first and second end plates being substantially planar and parallel to one another;

a drive axle extending longitudinally through the cylinder and passing through the first
and second end piates;

a ore support coupled to gach end plate and the drive axle, the core support being
centrally disposed 1o the oviinder;

a plurality of vanes for promoting a low-drag flow, each of the plurality of vanes coupled
to the core support and the first and second end plates;

a bucket arca defined by the core support, two of the plurality of vanes, and the first and
second end plates; and

a vane support coupled 1o the plarality of vanes, the vane support being substantially
paraliel to the first and sécond end plates, wherein the vane support defines a plurality of

openings formed therein through which a fluid can pass for equalizing pressure in the bucket

ares.
2. The cylinder of clatm 1, firther comprising & microbubbler coupled to at loast one of the

plurality of vanes.
3 The eytinder of claim 2, wherein the microbubbier is coupled to at least one of the fust

and second end plates, the microbubbler being substantially parallel fo the end plate to which it is

coupled.
4, The cyhuder of claim 1, wherein the bucket grea comprises & plurality of bucket areas.
5. The eylinder of clatm 1, wherein a portion of the bucket avea is displaced a predeterminad

distance from the center of the eylinder so gs to maximize moment won forees and thereby
increase the mechanical advantage of the buoyant forces of each hacket.

6. The eylinder of claim 1, wherein the drive axle includes a passageway defined
therethrough.

7. The eyvlinder of claim 1, wherein the vane support divides the bucket aren into g first
portion and @ second portion, the first portion heing fluidly coupled to the second portion by the

plurality of openings defined in the vane suppeort.

i
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&, A system for comverting buoyancy energy of a compressed fluid into mechanical energy,
comprising:

a fluid-tight tank containing a lquid, the tank having a cover disposed at 2 top end;

a fluid charging device coupled 1o a bottom end of the tank;

2 thermal management system for maintaining the temperature of the Hguid; and

& hydro-preumatic cylinder disposed 1 the tank and submerged in the Hguid, the oylinder

3

inchuding a drive axle extending longitudinally along an axis and 2 plurality of backet areas
defined therein;

wherem, at least one of the plurality of bucket areas receives compressed fuid from the
{luid charging device such that the compressed fluid buovantly imparts retationat motion of the
eylinder about the axis,
8 The system of claam 8, whereln the oylinder further comprises:

& first end plate and a sccond end plate oppositely disposed from one another in the
cvlinder, the first and second eud plates belng substantially planar and parallel to one another;

a core support coupled to each end plate and the deive axle, the core support being
centrally disposed in the ovlinder;

a plurality of vanes for promoting a low-drag flow, sach of the phuvality of vanes coupled
1o the core support and the first and seeond end plates;

a vane support coupled to the phlurality of vanes, the vane support being substantially

parafiel io the first and second end plates, wherein the vane support defines a plurality of

openings formed therein through which a fluid cdn pass for equalizing pressure in the bucket
Y

a frst dynawnic drag reduction apparatus coupled to at least one or more of the vanes, the
first dynamic drag reduction apparatus being substantially parallel] to the vane to which it is
coupled; and

& sueond dynarnic drag reduction apparatus coupled to one of the first and second end
plates, the second dynamic drag reduction apparatus being substantially paraliel to the first and
second end plates,

10, The system of claim 9, wherein the vane support divides each of the plurality of bucket
areas inte 4 first povtion and & second portion, the first portion being fluidly coupled to the

econd portion by the pluvality of openings defined in the vane support.
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11, The systeni of claim &, further comprising a low-fiction bearing disposed on each side of
the oylinder,

g the

&

12, The systen of claim 8, wherein the supply line is thermally insulated for maintainin
temperature of the fuid entering the fuid charging device.

13, The systent of claim & wherein the fluid charging device comprises a plenum housing.

14, The systom of claim &, wherein the fluid charging device includes a cutont portion fluidly
conpled o at least one of the plurality of bucket areas.

i

L

The system of claim 8, forther comprising & fuid distribution sguslizer chamber for
expanding the fhnd and maintaining equilibrium of pressures i the fuid charging device

16, Thesystem of claim §, wherein the fluid charging device comptises a rotary valve.
17. The system of claim 16, wherein the rotary valve defines a passageway and emission
orifice, the passsgeway Huidly conpling the supply line to the emission orifice for directing
compressed Hludd to the cylinder.

18, A hydro-pneumatic cylinder for converting broyaney energy into kinetic energy,
conprising:

a fivst end plate and a second end plate oppositely disposed from one another in the
cylinder, the first and second end plates being substantially planar and paralle] to one another;

& drive axle extending longitudinglly through the evlinder and passing through the first
and second end plates;

a core support coupled to each end plate and the drive axie, the core suppurt being
centrally disposed in the cylinder;

& plurality of vanes for promoting a low-drag flow, sach of the plurality of vanes coupled
1o the core support and the first and second end plates;

a bucket area defined by the core support, two of the plarality of vanes, and the first and
second end plates;

a first dynamic drag reduction apparatus coupled to &t least one or more of the vanes, the
first dynamic drag reduction apparstus being substantially parallel to the vane to which it is
coupled; and

a second dynanuo drag reduction apparatus coupled to one of the first and second end
plates, the second dynamic drag rednction apparatus being substantially parallel to the first and

second end plates.
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19, Theoylinder of claim 18, further comprising g vane support coupled o the plurality of
vanes, the vane support being substantially parallel to the first and second end piates, wherein the
vane support defines a pluratity of openings fonmed therein through which a {luid can pass for
egnalizing pressure m the bucket area.

20, Thecvhinder of elaim 19, wherein the vane support divides the bucket area into a fivst
portion and a second portion, the first portion being fluidly coupled to the second portion by the

plurality of openings defined 1 the vane support.
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