;e3e|v, 6TT\ 29 NOV 2004 HEAT ENG NES AND ASSOCI ATED METHODS OF PRODUCI NG
MECHANI CAL ENERGY AND THEI R APPLI CATI ON TO VEHI CLES Fiel d of @ﬂﬁﬂy t|on
The present invention relates to heat engines, in 5 partlcz g
whi ch operate in accordance with the Carnot and Brayton cycles. Mire
specifically, the present invention relates to new applications of these
engi nes. Background to the invention One of the dangers of under ground

mning is that i RP IR oMM 1RE Wor Ki ng.
under gr ound m@éﬂgre lg(C:Nr us ed%g\1r1)t rsj}‘u catqc% % ﬁocsgtl on |n such a situation
can occur becd%%%n%%%%l"@% iAPRLIEHATORe O YESE C3FS hat t hey

.only have a | igadxd ogug@llequlfvquﬁ_q,ep However, because it is typically 15
necessary to provi |y of .oxygen to tunnels which run

t hrough an under gr ound Wﬁﬁepr§ﬁﬁPﬁcéf?¥WFRiﬂ?'5F§6t8§cGP hept; gRIHEHIy 1Y
oxygen to ®& tlﬂﬁ’iﬂildlﬂaﬁubr@flfned twhisH hejeafale zlﬂTWdo&ﬂfaﬂdé SMAG Atk
parsons 20 th have g ed u dergé?und as a 1} of .a collgg}e in
a mne, as quicky n%o §aB'I %S FHET. cr? Jui ERSePEETSTTon i s
to have a veMmﬁuanM1cmtaﬂdb¢aﬁmudﬁnew(ﬁﬂpﬂﬂqauﬂbn@owﬁgt@@me|&Mg1ndme m ne
and rescuing éﬂ&@%ﬁi& Ihesgovabivelis gre typically referred 25 to as
VRVS. Fbmever%%gecause—ﬁxygeﬁ-rs—typrtaﬁiy in short supply in the event of
a collapse it is inport@ne phathehdsagaals cfesindexgrapad 91eﬁnepe|saﬂ:m in
an oxygen glepliat g, Qr ofef %ﬁeeﬂx&hfeommapéés e ddIQ Sy %x@eﬁo&wr{?
provi de an englne 30 whi i s_capable of operating in an oxygen depleted or
free environngtht exlgtrWdaF"é'é’ &&s craihed @3 ViRt sfenSatd dmitden 4n
capabl e of opefaiH RQ diftuakiny ¢en DR bR R @ix@ﬁiﬂﬂeﬂmﬁ&&t endlvsyy of
the Invention 35 In a_first aspect tsﬁﬁﬁi ent i e tion prQV| es, a
reci procat i ng Bhdt FEEIRSH SPRT®a 5% E't\‘/?/o B
second sub cormzm:tlmmﬁsomeat Mer,omumdb Adsorypivaddiy e
partitio n ble f novenent
s%gi-tt hg Ja‘i‘a% éda&lto r?% 199 o 'ARRG Yy

to vary t e v nt su corrpart t he engr ne |ncI udi ng
heat storage rﬁm%whneat g &bpiough gas mﬂmmsmsl fmeai sad Egaatiien he
first sub conpan MARL bekakl Y thed sHREARH RSN ticS af FinReled sMdd N

t he second sub conpartnment, the engine including first heat transferral
means for traffferral of heat fromthe heat storage neans to the first gas,
the at | east one noveabke ps&rtherefiote lﬂ.mpbg-tautangeévacuayel pealsbpsvary
e Yol uy: n okt 3 acBlns B CRTRALLIRA S At da0 3 et s ER! 1110 OF L he
first gas and Consequéen pro & “nechanical energ \ﬁnerel 7t e engi ne

i ncl udes gas Mla@gemans dnecyolsi app icrd.yf ﬂ%wog&gbépol iCegl M@yt odfin t he
first adjacents3uh ;133 ABPALE RN evhuha dd 135 t'&e&hvfef ASletlitale RANS. INn a

second aspect the present_invention_provides a nethod of producing

first and

nmechani cal en whighndd corpbils mf @Ring deympfintoythe ging fgdh

reci procating I@agmriagceﬁaﬁm&beg aTRAQ s@O RN ildIRIH a]%VItﬂﬁblfddﬂ.lafd]ﬁI@'ﬁréilb
conpart s nd atgh ast _one rmvre;g)bl e‘-%artl tion, gﬁ st one rmveabl e
partitio é° & gd PEr ST entfCH %é’?@’gﬁ‘e vo

conpart nent s, sip@lgngnnéheneledicn g fheatccdtlaege itedss m@loritealtt:l rtglaa'- first
gas these vehicles are capable of operating in an oxygen
depleted or free environment.
It is therefore desirable to provide an engine
30 which is capable of operating in an oxygen depleted or
free environment. It is also desirable to provide a
vehicle which is capable of operating in an oxygen free or
depleted environment.

Summary of the Invention

35 In a first aspect the present invention provides
a reciprocating engine comprising a compartment having two

adjacent first and second sub compartments and at least




25 which is contained within a first adjacent sub conpartneng §tﬁ%§ to a
second gas which is contained within a second adjacent sub c é% t he
engi ne including first heat transfer neans for transferral of heat fromthe
heat storage neans to 30 the first gas, the at |east one noveable partition
being arranged to cyclically vary the voLyqﬁ_jn t he adj acent sub
conpartnents as a result of heating of the Tfirst gas and consequently
produce mechani cal energ¥ and 35 (b) CéC|Ing the first fionrthe first
adj acent sub cORpaFPHERAPIEOPRREIFI?PRL kRSt afr AREFEr PRP Eﬁé fn a third
aspect the preseptith¥nbe iy Pabyaagsd £8rNavaflent Bo @aeyoskd wa:{megas
tur bi ne engi ne_cgopprising a co essor _f npr srn 9as wWhi s fed
into an inlet gfngSfa?ﬂgc?ﬁ?bf ,cﬁﬁﬁaﬁg g?Orgge Heg n%eaﬁﬁcggg%gpated
first heat traheher shpaagefweatsafisteheanhgnpeat firetn ghe Whachsisrage 5
means {0 1B 9as,eLiNgh ﬁ%kﬂintEhét £0Ler LY LBRRLUERLAE BL14PRY.CRLIY Of

the gas tothe tur tur I'ne engine I'ng arranged t
exhaust gas ofsehengasaSUWhiﬁb iateonhainefprasbin, thﬁe#é?ﬁn@héuénglne

i ncl udes Seconéoﬁﬁakthéﬁesf@ﬁen§@§§né0in&iaa§5§rEhggthﬁe£tfeeahgherégl
exhaust gas to the conpressed gas,_prior to it being eg%gge t'hrough the

first heat traReprBF ﬁﬁﬁnEraPﬁf%¥¥%%r?ﬁ BSpEcfroRetpP Fﬁ9ﬁﬂg?oﬁeans
provides a cl oggdtB¥CE@rg0Sgds| bine &BJLBAsEOBRE ﬁbﬁgahl60ﬂﬂfeﬁﬁﬁ)bnfor

conpr essi g which is fed into t 15 he turbj and heat
st or age ng nsaéﬁangs§BEF§?% E?rﬁ%??lﬁﬁiiyryﬁﬁgfgﬁ %gm?or t#ﬁﬁsferring
heat fronrthe héahcsharagh dammartmenhs gasaerbbultpofoheablng efit ehieng t he
tur bi ne or f t $ rbi.g ngi ne

bei ng arrange Q%eéag a%aus %pgﬁ %e g§§ #%gggﬁec%%to ﬁg9

conpr essor, mh@herﬁlnhehengmmenﬁn@ﬂ@@%ﬂegeseﬁdawylheatm??ﬁﬁs?@? A¥SAd DY

removal of heaﬂhérfﬂk%@egﬁéhéﬁéilﬂéﬁlﬁrf?Bmtthtf@ﬁbﬁgaaﬂﬁaéﬂttQﬁBUQh the
conpressor In a aspect resent 1 nventign ErOVI des 25 a met hod of

pr oduci ng éech%ﬂPEQFt@ﬁEF99° the ﬁ%FﬁEdhEBEpFF§Pﬁ§eF 2lspepBsoef: (a)

providing a closed cycl engas detidiid caghgttetBanpréeseny tneanpiessprovites
conpressi ng gas mhgggg s .fed énto an i et srge of the % b|n nd 30 heat
c

storage neans ang® PRI REPFITERY HBRE ??ﬁﬁ? ?rans erring
heat fromt he teaprisinagehaespeps cofhe gas erther prror to it entering the

{urbi ne o upol gt ptoplallle 935edfptbeatibh BRgihloeoARrtUERGNE Cnoi ne

being 35 arranged t exhaust das bine into the
conpressof? and (b)CPrBASHReRY NRATiERY FW@nﬁ@hécéRHaﬁEP gaeragtpgets ang Nov

2004 - 4 conpressthgggagf|5ﬁetﬁb+éabgéﬂﬂa£ﬂmﬁﬁdnthﬁEthttMQaEtraheheat
transfer nmeans. In a sixth as resent invenéign provi des,  a, et hod

of producrng mechanfPeRPaRiR, t%?&? ALBY 52 EAPEPSi ATt HRVERERE 5P

vary the volume of the sub compartments, the engine
including heat storage means for heating a first gas

25 which is contained within a first adjacent sub
compartment relative to a second gas which is
contained within a second adjacent sub compartment,
the engine including first heat transfer means for
transferral of heat from the heat storage means to

30 the first gas, the at least one moveable partitiom
being arrangeé to cyclically vary the volume in the
adjacent sub compartments as a result of heating of -
the first gas and consequently produce mechanical
energy; and

35 (b) cyeling the first gas from the first adjacent sub
compartment to the Ffirst heat transferral means.

In a third aspect the present invention provides



(a) providing a closed cycle gas turbine engine conprising a conpressor for
conpressing gas which is fed into an inlet side of the turbi@?@ngﬂu 004t
storage neans and associated prinmary 10 heat transfer neans for
transferring heat fromthe heat storage neans to the gas either prior to it
entering the turbine or upon entry of thegas to the turbine, the gas

t ur bi ne engi ne being arranged to feed exhaust gas of the gas turbine 15
into the conpressor; and &b) transferrlng heat from the exhaust g Brior
to it being pAnpea@sehr GYGHSt ABScbHPpPEREF IR A SBRENF A dsPet P PhESFPEsent
invention pro¥bgesomprebisthg yAel wHiny as| &ged iebbchke, inketneid® wéhittle or
aircraft wherein the vehi.c udes th engln S i or
fourth aspect% Fbﬂﬁg p?@ge%Fa#nﬁeﬁf?g acor & aFgogg E ?hé?rgg %%Ftof
the present ihvensifem tkens fsrptnandééralngchpaccétpmgtbﬁghﬁét25t0rage
comprising a gonbal Ber fiaviad 8;cAURALLEBR! oW B afiaceRl thbstufBdnsecond
sub- conpartnent's, separated by a noveable partition, an inlet and an
outlet, a heaprshpeagenkeansf hhhednst kanbher thskhseanths EBAIEPEPAPS em

|nterconnect|gggggg Bﬂhhﬁta%&kﬂgéhetﬂeibeaf@&ﬁﬁﬁ%tWgaesoﬁndhéhgabeat 30
transfer means with the inlet, wherein heat _ fromthe heat, storagiﬁg?ﬁns S

adapted to betPFRABEeApER bhet RRMREGFSPFan¥PereiBahlet RGBS WP
conduit to drk¥eckhlacheaveabhaspait inbhas E&rC}tﬁrhhealei:ya.ner yeabef!oinumel n

t he adj acent sub-conpart t to_enabl e 4 clical cireulationy gas
through tite c§ ﬁuFts9§F ﬁaetﬁsmBFSH i SR~ 6f Phec a%?c%ﬁ or e ectrlcal
ener gy. Prefepabbydthhrb&ghptheafhngtehgahetapesaeasmﬁnns 2 9 NOv 200f - 5

accordance with the ste&hyggﬁgx Fuggbggtl%h%o gggﬁtognggﬂglghstlnct

t.her nodynani ¢ processes whic I sot her npr essi on, _const ant
vol une heat i ngrovédefernalosgfanyrda gnd EEH?FBﬁteP@FBRECEBBFFﬁQQQSaIt is

preferred thaninB%e%%BQ-U'fbrs)ééinﬁﬂ‘hﬁgﬁﬁb' §8% &haendugt feanaaebednatnare: end
to the outlet which | ocated at an agErOX|nate m d EEF Fﬁgf t he cont ner
e

and at |ﬂ§5opﬁééFtQfeﬁaetEthénﬁeaPnﬁr 8feSERERAE. PR SERELEH
system al so i pelindey hed@ eﬁ?aﬂuférCﬁéaﬁet Eebxt urb.hefem:éngmheah lfrokno@ieed

at one end of . the container and ROSs n ap_ outl
heat transferhﬁ§§n§% F?glsmﬁ?EFerre% th aeﬁggggeg 8r ?g g%n%%%%%.E?ﬁ t he
condui t systenhbetuebnnpherhgapnteansYepfnshnsgaﬁdtQStbﬁetBﬁbF§P:th@he

cylinder. Theg ggh'takslﬂ@yehaehudseﬁnwrmﬁg@aahosrfa@agexnaaae gax g a

heat storage Ce heat st orage_ cel | gU|d salt heat, 20
storage ¢ | . t#ﬁegﬁﬁqEPHb§§Ft1ﬁ§8tt§PoF8§Er@€FPranh &23Ps GHPuRPERPST i de

(NACL), lithigschhaesi decohBhYyy Beagodirifsflenoniedas( HAF) rbmairad 8& hewat
storage Cell'from the exhaust gas prior to it being pumped through the
COmMPressor.
In a fifth aspect the present invention provides
25 a method of producing mechanical energy, the method
comprising the steps of:

{a) providing a closed cycle gas turbine engine
comprising a compressor for compressing gas which
is fed into an inlet side of the turbine, and

30 heat storage means and associated first heat
transfer means for transferring heat from the
heat storage means to the gas either prior to it
entering the turbine or upon entry of the gas to
the turbine, the gas turbine engine being

35 arranged to feed exhaust gas of the gas turbimne
into the compresscor; and

{b) transferring heat from the exhaust gas to the



The liquid salt heat storage cell used to power 25 an MRV is preferably
capabl e of providing 1000KW of stored energy at a terrperatu@eé?rNﬂibiZﬂMfrom
650 to 1000 degrees C. The preferred weight of the NACL, LIF or NAF liquid
salt heat storage cell is therefore 3.96, 2.35 or 2.97 tonnes respectively.
30 The heat storage neans may be arranged.tp maintain the first gas of the
reci procating engine at a tenperature of approximately 650C. The

reci procati ng engi ne may _i ncl ude aecond heat transferral neans fo

transferral of heat from the second935 REf&feft &6 fr’ﬁ’%‘eﬁf"?“p?ﬂeté’é@dﬁp

heat transferral neans nahebéiastahgel teameifrirameatse second adj acent sub
conpartnent at a 29 NOY,20Q04;; r r f pr.oxi mat.ely_15C..

Al ternatively, the heat stor agé}{tﬁgaﬁtgsgﬁg ?ithlrés%r%esae?’%t %gﬁéen%ﬁféll Pﬁé’é’ﬁs‘i%y
be arranged to2nBPib&eAncEherpingingdpachanisad covepantnthe ofethied

reci procating essibResdngt t8et gEBELALELE of greater than approxi mately 700C
and the second heat transferral neans_nmay be arranged to_nmaintain the
second adj acent conp@?t nBREVeEIREear ELPEREC SCAG @FF Farhingyspaineat el y

room tenperature. The fiesiphesingr anebapialk BT TRbmbResEdaqa ghQ first
heat exchanger. The firsg hegt.exghgnger may he fornmed out. of incanel or
i nF e§§89st-BEP. 3Fhé

253 tenperature resi st anf B3t afn dndglo fd e E thantrahine.,
means may include a secoaddhbeatesthaager meinsThedraishodiakedhersasnsd

aspect of jtche present inygnii u . iznclude the step of heating the
first adjacent sub corrpartn%n?g%lgg?ﬁ%tﬁtgﬁgst gr?%e%ﬁf%ﬁrsgecr) + eg s rom :
adj acent sub conpart nent thg Beac aberaget mganshsostbendaadpatber sulior

conpartnent. 20 The firstoapd/ oheseeARdhgat werIRANYS! uiBY ignewd%@tthfg rd
gas. The first and second gases may be the sane as the Third gas. he
first and second gases n@§°bkesthe” baFBAPE; bheapgsntuchinsnebgdreddeing

Carbon Monoxi de, Helium atiysii@genoMébanexh¥teiasobEV8har g¥apeu-vanil are
preferablychelium If the fi rle and second gasesg are different to the third

t
gas, the third gas is preferabty FYBPDEERCT202%fe third gas nmay conprise
the first ‘gas wherel(ln}t herdnsSexrhitnd keahafigem oher ekxhauby passagiogf tde

first gas through the fi{étbgﬁ% MQ&%O gﬁ Eﬁgrgo as .S greferabl y
re )

hi gh- pressure gas having a pressu angl ng om appr ox ﬁg?gf)y 15 35
megapascal s to 25 negapaStdt SeMruRIBReet nghacpnesent inmvendton pi pe. The
reci procating eRgride sty eI Pncluding a land vehicle, marine
20 vehicle or aircraft wherein the vehicle includes the
engine of the first, third:or fourth aspect of the present
invention.
According to a further aspect of the present
invention there is provided a reciprocating engine
25 comprising a container having a compartment with adjacent
first and second sub-compartments, separated by a moveable
partition, an inlet and an outlet, a heat storage means, a
heat transfer means and a conduit system interconnecting
the outlet with the heat transfer means and the heat
30 transfer means with the inlet, wherein heat from the heat
storage means is adapted to be transferred by the heat
transfer means to gas within the conduit to drive the
moveable partition to cyclically vary the volume in the
adjacent sub-compartments to enable cyclical circulation
35 of gas through the conduit system and the production of

mechanical or electrical energy.

Preferably the reciprocating engine operates in



2 0 HOV 2p0 regenerator, the regenerator conprising heat abgoa &qvoﬂﬂ%d
rel ease neans for cyclically absorbing heat fromthe first gas and
subsequently transferring heat to the first gas upon cooling of the first
gas. S The regenerator may further include a first and second adjacent
conpartment connecting portion which is ar r5an_ged to transfer the first and
second gases between the first and second adjacent sub conpartnents..
Al ternatively, the regenerator may further 10 include a heat absorbing
menber and a pPFECTERBCHi Pethelny aGFPHAGBE FHCLPaNBLeR iReCPPPSESHasStfrom
one part of theohiratsagdhacerhesHbagaaRALt PRBLeskBEOUENChhEnbRatieabsor bi ng
menber, and subseﬂuentlgl to another part of the first g%%acent sub

p c

conpart ment . 13SThBeFBER{ pFOTRF PR 8Rei RERFEF ENEPLHRS FhBH’ gas cycling
and regener at oisoeRASMADI epeaH oL hNngnBheoneaahtnedlfimactoohing.t he gas
cycling neans and the regenerator_. the.c Ln gas cli nd r.egener.at.or
nmeans havi%g t he heat abs%r%ﬁi%ﬁﬁ%ﬁﬁr?glgggé ﬁgﬁn§°%§x%%e£$%g%%e?§@ F13%8
the 20 first heatosfishangerne¢tedieati pae kedt tor thef entiet nwhish the

conbi ned gas cyglLLpdaand LEILPGE FB2RS aRBLIY L abEARAE bR REAS ! Dfgl i ISt
gas sequential%y gErougﬂ t§e§€§a§£gﬁgorp?§on§ang rel ease ﬁeans, aﬁd ?irst
heat exchanger 2pribf eBPP8Ehe efRAgtohbhp heptaliFaBeher s¥H25- conpart nent .

The first gas may be arrprgesh-i1$yche bopfuibesiitoh aUsacené1sdbs a
conpartnent. to thgetlrst heat transferral msangt heat ngOI"E&I on and

rel ease means, SBPIRbhbLFABESFFRdt tgakPBy iPIRE HRACPeyBnePEREPINBENSRENEDA 30
buoyancy effecbs eheheahthabneesahdl &8 the bppstigasehdi ng asmcbedlee atd
fromthe first ﬁdj ace ttsubs ormar t ment by convection. The reciprocating
‘engi ne may incltde %%Erp AnsY oPPlifpi ng the first.gas to and/or fromthe
first heat 35 transferralt nbasyefentedbtbapt 2 onegeneratensts neansecbed
conbi ned gas cygl e r e I

arti tionmmy Be &1 GOlalpoITieLe niRaREn THE BbpL ERkopre: MUERY, Sng
arranged #@ di Fhaecrhtet oppafreedylindsrrhe two adj acent sub conpartnents,
the single noveabl e partpid OfelbRtNg Bifyangetulie subsiantially sealingly
engage the conpartnent s at the first gas is 5 evented frommxin

{ {
with the second gas. Theﬁt% Rt iehe* 78S %@a’é‘ﬁ B 3t%}%%ﬁp§??ﬁ§ﬂ? agd

the single noveable partition nay be orientated substantially transversely
to a longitudinal axis- N2k t e iﬂg@ e e

| ongi tudinal 10 length g%hét ﬁeaggnpar%ﬁ%t?g%eﬂ%%?%r%c% ngae%%#ggﬂﬁég

i ncl ude a<@ spFhesageorellspl acenent of the first gas, the displaces being

arranged to nove in rel afnOnNshihPidv 4 ¢ et L€884g8NEcIDVRAP| Be PRI LbEEAR.
15 The di spl acg&bggl?be arranged. to i,n the el on%at ed,conpart nent

,hove_ with h
and may be arr ® FRRELL ohbtirbem ShgrridenilIFingPh BPALHR
conpartment, tHBuchs@é acesk bel nguidr aaedheatnBuer@feoneldf phase to the
singl e noveabl e partitiqp. . Alternativel the at le one.npveabl e
partition may conprise ?#Lr%tz'l'olaéﬁlduge%%%% ﬁ%%%a%?%f%%?g?a?on%sﬁ%i@éﬁ %?‘ger
arranged £6 su@sltmwmllyx_'tsmwmycm_:ghge ohertovidingdlgegsiidofdpacert
sub conpart MenLgerfHSRECL | VEhYerd B8l £ahs ] £26ANE5635651B6bNEELEES1 O 25

m X.

C. The preferred weight of the NACL, LIF or NAF ligquid
salt heat storage cell is therefore 3.96, 2.35 oxr 2.97
tonnes respectively.

30 The heat storage means may be arranged to
maintain the first gas of the reciprocating engine at a
temperature of approximately 650°C.

The reciprocating engine may include second heat
transferral means for transferral of heat from the second

35 adjacent compartment.

The second heat transferral means may be arranged

to maintain the second adjacent sub compartment at a



The first and second gases nmay be free to m x by passage through a

. regenerator. The nethod of the second aspect of the present i@’?'ﬂﬂp?nﬂ@y
further include the step of cycling the 30 first gas out of the first

adj acent sub conpartnent, through the first heat exchanger and subsequently
back into the first adjacent sub conpartnent. The nethod of the second

aspect of the present invention may further include the step of cycling the

35 first gas through the regenerator prior to _the passage of the first gas

through the fi rrMAREREUELC RinGEPT oM dt Aod HF -t he second aspect of the
present 2 9 NOV 2004 galteRvantivenyiByHeUuhicher skbehydemthfsstad Ghirst

cycling the first gas under byoyancy effects of heat, to result .in .the first
gas being cycl &f¥y "EERF c,etrirglr‘jf. Xﬁat%sf Aty ﬁniaﬁ’ger?e:tﬁ)oalaﬁttaﬁél stgléaond
aspect of 5 t hefiprses @xij aicenenisubn crampdtimichgr dinchederechprstcaiol i mg
the first gas t u f LISt e NQer. S le] fo gas
cycling meaﬁs n%/% %%f“%%gaﬁhgv‘\a/ (‘:%ﬁt o g@ﬁeq:%%ﬁo%%%%ﬁlo%] %ﬁg"r f’tﬁ@ ?I %\?\lﬁ%'at e
of the first gdshelGespsid hgattr dmamat irah medrecomy Heb ageapgedrdst to the

first heat trangfieflalh VRN SectR@ fd PMSA 'RingBBakers o @iy abl y arranged
to control the flowate of the first gas cycling fromthe first adjacent

Sub conpar t mentFSCEFFOCAERY EHIENS |3t FRIFECHIAYEI W FOO™o S PREIFTHE yas
which is returning to thenki Fsksadphreantcxaws feesaar nsant. mae ihkawaeont r ol
means i s preferabl rranged.to control the flowate of the first gas
cycling toiﬁhe %&é‘ngﬁ&%og’?‘%nﬁﬁé“f | ow control means may conprise a val ve.
The fl ow control - neans nahec fipks hemth utdchahigervabyebeTliormedhodtt ke
second aspect aqf ¢ pr.es iLnventi f rhg L. gl tep of
controlling thgﬁgﬁloﬁgagggofﬁgéaﬁl{@)g&aesﬁ I gﬁ 5}%1%(31%%%& egi first
adj acent sub conpart nent The sheohdr Heatefirapsfeztralr aeansamey Ehelwden® of

the second aspegi.sfa HRetPesS®lhddvention may further include the step of
controlling the 30 flowate of the gas which cycles fromthe first adjacent

sub conpartfent to the fFhet®aEhed of, e sacopdapsPech Pfe theoRTEsTR Ol

means. The thi righvastden Mayl Farthese findInGRN iUHN sty IoFC hsda: drfge tarcondary
heat transfer ‘

Q%%%%'adjacent sub compartment so that the temperature of
the first adjacent sub compartment is 600°C hotter than the
second adjacent sub compartment.

20 7 The first and/or second heat exchanger may
include a third gas. i

The first and second gases may be the same as
the third gas. _
. The first and second gases may be Air, Ammonia,

25 Argon, Carbon Dioxide, Carbon Monoxide, Helium, Hydrogen,
Methane, Oxygen, or Water Vapour and are preferably
helium.

If the first and second gases are different to
the third gas, the third gas is preferably Hydrogen.

30 The third gas may comprise the first gas wherein
the first heat exchanger operates by passage of the first
gas through the first heat exchanger.

The third gas is preferably high-pressure gas
having a pressure ranging from approximately 15
35 megapascals to 25 megapascals. '
The gas cycling means may include a pipe.

The reciprocating engine may include a




35 The fourth aspect of the present invention may include the t
transfer nmeans. The fifth aspect of the present invention nayZ%Fgﬂydzﬁa?
zoo4 - 10 further include the step of transferring heat fromthe exhaust
gas prior to it being punped through the conpressor. The sixth aspect of
the present invention may 5 further inclgdg the step of transferring heat
fromthe exhaust gas to the conpressed gas 'prior to it being punped through
the primary heat transfer neans. According to a further aspect of the
present invent FBASRRERECT s PRBVIESERET 05 coBRE} L& IR E b heoaDt §98t em

conprising a canpr£63564séOheRhodE6kNGyE 0IPL ESy ealh 938hiRg JRSat Uf Pbmecher
receiving the ong£essed %gs, a heat storqge ans.having a first heat
‘transfer nmeanstihd®a¥Apt 20t TUPEEERGRT{ K PEEERF gBeaF r b e Tirst

conpressor andgéasamsdercobbivgnpf essedrgast t@ad he gas turbine, a 15 second

heat transfer neans for LVin xhaust fromgt.he gas turbine. an
Cransmitting it to the coiriedafefd el ey e MR /% fk pa
means i s adapt @dcendtadiafent heampirboneihecexpecisingasoption wivich bsi ng

transferred tOa£P§n§§§rpE§S§P£nngrPﬁﬁée%f:péﬁ/ ihe §§<9&EQ §eals 1E80RL &L means

I's adapted to transi heat fromthe_exhaust gas to the CTonpressed gas
prior to it bethy Fueef 2Rl byetred nagdiagenk nEAPRAT PReRES abl y t he second

heat transfer neans 25 GoIM&eSiveNEAtcIRXGhandtratldie wBeond-digat transfer
means may .inhcl ude, a rec%gerator The coqgressonagf t he gas, turbjne engine
r

may be ar rangetPTHPLonpriasat  HRSYERIBE BTy T thPHRE1 o°RF BP%.BeingThe
heat storage nearsnged &ssStorcansterfthstfinsk pFasrefyoheshe tpansfef tkans of

entering the gs torbran® oo it 20REEr YRl B S S SRS g Sacha S
appr oxi mat el y w@eer THand asulbsedpiert Ingitaanethdre pa¥tindtl ghe firdk ne
engi ne whi ch ia¢dadese | 4@y shhhh £ERERQP, Means for injecting 2 9 HOV -m
15 The reciprocating engine may include combined gas
cycling and regenerator means for performing the combined
function of the gas c¢yecling means and-the regenerator, the
combined gas cycling and regenerator means having.the heat
absorption and release means of the regenerator and the
20 first heat exchanger of the first heat transferral means,
the combined gas cycling ahd regenerator means being
karranged to pass the first gas sequentially through the
heat absorption and release means, and L£irst heat
exchanger prior to reentering the first adjacent sub
25 compartment.

The first gas may be arranged to cycle from the
first adjacent sub compartment to the first heat
transferral means, heat absorption and release means, or
combined first gas cycling and regenerator means under

30 buoyancy effects of heat to result in the first gas being
cycled to and from the first adjacent sub compartment by
convection.

The reciprocating engine may include pump means
for pumping the first gas to and/or from the first heat

35 transferral means, heat absorption and release means, or
combined gas c¢ycling and regenerator means.

The at least one moveable partition may be a



liquid into the conpressed gas after it |eaves the corrpress&r m Qﬁﬂore it
is heated by the first or primary heat transfer neans, and i% 4

condensi ng nmeans for subsequently condensing |iquid fromthe exhaust gas
prior 5to it being fed into the conpressor. The |iquid my be condensed
fromthe exhaust gas either before or after the exhaust gas passes through
the secondary heat transfer neans. The Irqﬁid injected by the liquid
injection neans, 10 may be selected so that the liquid condensing neans is
not required bERfise BRI bheR i wal ¢ Eomienzesed rom dheldx hialust

gas. The |i quidbngda6iad bnddechd Gtbyd 4dj L6561 O NS BASHPRYLRENES) 6EhEd SO
that the second, heat transfer neans 15 reduces the tenperature of t

he
exhaust gas t & dPHrOANERBIIS FF eht1PRPerRY B PRIDT 9 Freptrf+alivto
t he conpressorseafiitdydut dritpadisecid ¢ hepSeanadar yo heldt t thd st Brstregas. idhe
liquid may.conprise and_jpref erabl O conprises distilled water. The
conpr essor of 'g)%eér nut\r,:‘léaaf:leég’;%%mtm B Eh n%h ssn%)% r2BFy arranged to
conpress the gas accor dilig tcempadinenigmeat dre tdrareongaiesd ¢onpartment

approxi mately JJo .y The @rnﬁﬁ@é)e[bi@yp ﬂi&?%tﬂe c‘tgg%lgg%?éﬁe 25 gas

according to a ratio of I'ess than or equal to approxinm ( The gas
t urbi ne may beéWrdardrialdgn Wransied sely &£4 MV iendl Hedimkk awhpres sohe and

first or primyoahBainddans{era3hifads.IBYoPE £1485 J9eke SPohSBtud il

tenperature of the conpressed gas exiting the conpressor is approxinmtely
400C and %ﬁ t HERg e Clr‘%)di]'fed MR P reans reduces the tenperature of the

conpressed gas to approxihaticighidfatibe @y mof i1helddétd anebBhxth
aspects of the. 35 present inventiao . further include the st of heating
the gas eit he?foﬁ idg"rsqi(?ct%elbtas&eﬁqﬁ%%egag%’s t'Er}b‘l:‘b P ?’cﬁ’ﬁ?ﬁe”el?ﬁry of
t he gas to themanaedr Kinenctve nien ntellakiomsisiowd tth--the 18 ldémst evrpmrat ure

of gas enteripg.the Lurshine at a relatively constant tenperature of
approxi mately 930C. %ﬁg)anetlhg'gbgi of the fifth and sixth aspects of the

present i#vention may f Fhehéispdaaste mave ba ayrrasiged {omovg atktilkg 1thei d
into the coNMPlATRted HnipdirtiderdteAURP fdif KOHASEa AW MSFO L1ddg | S
heat ed by the gxll’ t or, prj.mary heat .transfer neans; and (b‘g condensi ng the
liquid from t &% %ﬁt%é&?afo lsnih of it FHPFRER I FRRATRIAFES or .
The first andbetingaayrieaied ransdodre NS e phagentlcudhen gimglny Y heat
exchanger, th%o‘?rreiaﬁ%yp% .t@&%hanger bei ng arranged to transfer heat from
the heat storage neans to the conpressed gas upon punping of the 15

conpr essedl gas t hr ough RAteppativelieatthex dtadg@st tdre gemradsisor bei ng

arranged to p%ttif&@.oﬁom&&e%?ﬁ%ﬂ%% Ul d & U d AR MRS 1 £X Changer .
Conpr essed gasses .hgving a ,high specific heat capacity result in high power

out put from t RETFASLOHSL MR CH0 agiyidde amsiitb st TURSEaRelhbly teakmetent as

gasses W th | ewgahgepeblef ifd d3talandRRGdnE adRAIRE ddiIf)odibatthddd£ heat
t ur bi ne

when exhaust ed fsr%r(p tiQe turl%' ne...Therefaore, th as of .the _
engi ne may be ACFCCRANSATA, kﬁﬁggﬁrs%aﬁgw ﬁco?ﬁ%d e b%‘?f“ﬁgn SEHUEC Hel i um
Hydr ogen,25 mix.
The first and second gases may be free to mix by
passage through a regenerator.
The method of the second aspect of the present
invention may further include the step of cycling the
30 first gas out of the first adjacent sub compartment,
through the first heat exchanger and subsequently back
into the first adjaéent sub compartment.
The method of the second aspect of the present
invention may further include the step of cycling the
35 first gas through the regenerator prior to the passage of
the first gas through the first heat exchanger.

The method of the second aspect of the present



25 Met hane, Oxygen, or Water Vapour and is preferably helium_  The primry
heat exchanger nay be arranged to raise the tenperature of t é(ﬂﬁh{pg ed
gas to greater than or equal to approximtely 900' C. 30 The net hods of the
fifth and sixth aspects of the present invention may further include the
step of transferring heat fromthe heat storage neans to the conpressed gas
using the primary heat exchanger. The setofid heat transfer means may be
arranged 35 to decrease the tenperature of the exhaust gas to approximately
200C and i ncr ebweentieon emper frxtlenfigpkdi tha g tée ebnpreseg gl

approxi mately ADOG ga; Fhads’ buof@hc?@fﬁ@&@%f‘%aé repsf &S Ry

i ncl ude a recu erator. The recuperator may include a secondary heat
exchanger . Se A B P ATV T Foh SNECTRURRE IR be arranged to renpve

heat from the exhaust gas] af el #he 1o X LS tndBfod1ase Rass arb dDUEbdde of
second hea tr%&%f er neans, The secondar%* h%_?]etertranﬁ (?r ans, may%
arranged 16 t o RRERTY MR YENPET AR DY AUiTe g 2T t D" Fpproxi mat el y
30C. The seconsanyimpathd rehsséergaeatisromyh i tlod ufter st tieedt sexyclireager
exchanger. The téa;tl ary, heat & changer may include liquid 15 cooling nmeans

for passage of 0T ni ng Qfl qU| - hi ough the tertiary heat exchanger for
renoval of heat from théhex mastexpdsindl rearst weds dofckwde fi¥avh cantkxikt h

aspects of the,gy r??efﬁr'W&ﬂéﬁ&ﬂﬂaytﬁé”fﬂﬁﬁrdwl&ﬂetﬂ@efﬁﬁp s 20

transferrlng heat from the exhaust gas to the conpressed gas prior. to the

conpr essed Sgascyel iy phrpre dchar GLesE tad) Fg9nk -’d%b FPTRATERRLE 9 e er

means usi ng t hey facupelatoFandferret tﬁg&ng),f the fifth and sixth aspects of
the 25 present invention nay furt her cI ude th.e ste ansferri heat
AR, e The o

fromthe exhaust gas prigt® to-Theé
conpr essor usmtgmtftﬂ ttﬁiélﬁxwfaaé cﬁﬁ(@&mﬁrsﬂ'rmaga&mlmbgnérmgxm of the

third and fourf Oéuﬁ sON By Lt {20! Ude
‘gas flowate con roI ans com "?[;Eﬁsﬁl%‘% ow at e o% gaﬁgﬂ ﬁ
t hrough t hé gag,lqwndmm@@dgmeflm apes Whiosh aﬁt% refrpingreee sthe nybTést
arranged to thffddsd f@l}gaéoﬁﬁgﬁ%@ngl ne to control its power
The flow control means is preferably arranged to
control the flowrate of the first gas cycling to the
regenerator.
20 The flow control means may comprise a valve.
The flow control means may comprise a butterfly
valve. -
The method the second aspect of the present
invention may further include the step of controlling the
25 flowrate of the first gas which cycles from the first
adjacent sub compartment to the first heat transferral
means.
The method of the second aspect of the present
invention may further include the step of controlling the
30 flowrate of the gas which cycles from the first adjacent
sub compartment to the first heat transferral means via
the flow control means.
The third aspect of the present invention may
include the secondary heat transfer means.
35 The fourth aspect of the present invention may
include the second heat transfer means.

The fifth aspect of the present invention may



35 output by restricting the flowate of gas flow ng throughggeﬂ,%@mé
turbi ne engi ne. The gas flowate control neans nmay include a 2 2pp~

- 14 valve. The gas flowate control neans may be positioned to control
the flowate of gas flow ng between the secondary heat transfer neans and
the conpressor. 5 The nethod of the fifth and sixth aspects of the present
i nvention may further include the step of EanroIIing the flowate of gas
flowi ng through the gas turbine engine to throttle the gas .turbine engine
and control itsupbher dntpufe tBeThbeperhiolrehstfheriint heahdfxpmt Ahaspect s

of the present «{NYEALI QRsNBY1 64T £BEL 1 Belinde e edt ERr8hghORKEO! 1 NG the
flowate of gas flow ng through the gas turbine engine uSing the gas

fl ow at e cont r 8PMREGASOTThe gas turbine engine of the third and fourth 15
aspects of the present ifn&entiRPhBYpEUEtBer thachud8chtuhdeahit DMk ahEy
control neans for controlling the flowate of l|iquid which i% injected into
the conpressed§aER6Y ?ﬁ%lPPguFBeiﬁfégtP ntrersEerrandohersl TrRY bBRer

out put of the gmBatstbgae eagthe. cafiptbeskiqynd bhriwtate cenbebhgnpanpathy
conprise a pro Lghoga_hgntgg£gL d%f;grg gkake Pml'Ds) controller. The
P.1.D. control I'ér nﬁy e a rangeﬁ 8%Contror the tF8wrate of the l'iquid
which is injected into thececodpressedaghsrthepr appettonft bhehprésentat e of

the 25 cONpIessedofasonThReFo| 1D pEORLREAI &F ABKoHECaLNANGEd LR LRI O the

power output of the gas turbine engine by controllin ) e owr at e of
the gas fliéwi nEYSReBUEATPRESHRS @ UPBPRESERAT hoxf PERANFANG! Comprepgedd
which is injecggd, 39 LAst uibensofpressadigangbynbheohbaukdeanggsti an
means. The method of the fifth and sixth asgects of the gresent i nventi.on
may further intPAHeSTAERSEPOIRS CBRAYIBY R ERE PPalr AFERSESFi YEREShEMY
injected into adepEefpressedeijos theCobhppbskbd pavefront pht ebmphesgas 35
t ur bi ne engi ne he _nmethod of the fifth and _sixth _aspects. of.the present

i nvention may %@kﬁﬁ?n?gﬁ u eetﬁ%m%f%%sg ga3 go 28§s-t3%b1%8ht?olling
the flow dtbe ofetondi Beahi thansfenjmeand Earoreheividngr esbadsyasrani kdpet he

QUi d {1 ourat gogOphil noans - ThBeReCLPRECSE! BY B BApkUERARCHRARY NES Of

the 5 first, third and fourth aspects o resent i1 nvention each be

arranged to drkereinykheuseeopdinpeabt brangéner neaps AschdaPtafl EPansfer

means for the trafsfer rRéaofl £16khahé CakhA8EIYasOhr2Be €6 HBI Be®hgt he these
i n conbination_for fontr%I%%n mechani cal out put fromthese 10 engi nes. The

gener at or 7 SR ar G¥"RT8E¥PTcal storage neans which may in
turn be aRanged to powrrefeslelt riloe ndéoond Ahéat netansfygr mdmngehsr at or

I's preferably Jo, d@dN08%+n kL EhLY e IELYS BleCLERLLLE BREOLo the
compressed gas prior to it being received by the heat
storage means.

Preferably the second heat transfer means

25 comprises a heat exchanger.

The second heat trénsfer means may include a
recuperator.

The compressor of the gas turbine engine may be
arranged to comwpress the gas according to the ratio of

30 6.2:1.

The heat storage means and associated first and
primary heat transfer means of the gas turbine engine may
be arranged to maintain the temperature of gas entering
the gas turbine at a relatively constant temperature of

35 approximately 930°C.
‘ The gas turbine engine may be a humid gas turbine

engine which includes ligquid injection means for injecting



The hydraulic punp/nmotor may be arranged to drive the vehicle through
hydraul ic notors. The reciprocating and gas turbi ne engines ﬂrﬂyNBHcgﬁw
arranged to drive a gearbox. 20 The gearbox of the gas turbine engi ne may
have a step down ratio of approxiymately 6:1. The step down ratio of 6:1
may correspond to 35000rpm 6000rpm The gas turbine engine may be arranged
to drive a wobble plate type hydraulic punpt 25 The vehicle may. include the
hydraul i ¢ punp/ not or, generator, nechanical transfer neans for the
transferral oflimechinimat tErergynpmoesond oas nofeenfit Meves B¥nbi nati on

for controlli %ﬁ%ﬁ%@a&n&tﬁ&&ré lfi)éﬂi@%é&@éc@[)waéwgfﬁstga& tai Dh ey

engine. 30 The v may al so i1 nclude the gearbox and a vehicle being
powered by thelepts tammire ampne iy ot SeuidcreRRERFNIIMAY AU e type
hydraulic purrpsuﬂmﬂm XedH{adhoi vphi £dni TBFrbR @R angetido glid eride

hydraul i c gurrp. 35 According.to another aspect of the present invention
there is pPovi'tREh&RIE drefy et Hev i e cCONPPFSFRYTa container with an inlet)

an outlet, a heat storagme 12dhi@vhaidWe -cdridersddadt taee tdnd exxtHwasit gas

transfer neans,.which is adapted.to transmit fluid into i or

passage t hr oug%l%eer ﬁ%%fors‘? Sradet SihsTARCE A" 1i L2 G Jf]%e i } w%- ﬁ#%ugh

the outlet. 5 feedwian yhedte drtansfex megas. The heat storage substance may

conprise a nolten chem Cﬁ:le C]%i%‘ﬁ‘%rﬁ}@&@é ﬂ, tmyrﬁﬁﬂlﬁ |%ecg~f\og | pi g, dray
o)

be bubbled fromthe bottom e container through the heat storage
substancellnd ®rir b0 sekestigd t4e Bt dthe Thianidt CORAPRT NI MRS iy Dot

conprise at | eastu£Rg apidilide WHd PlghPaSLuOOBaPULARly PO OCRESE at
the bottom of the cqontainer. In the preceding sunmary of the invention,

except . 15 whigh® AR requires otherwi se, due to express |anguage
or necessary inplicatiomhd e gdrd AnTeappsd S oche "Tippid siagsi'gcioion means

"conprise" are used in the sense aof including; .t i S

speci fied may e g%eso% lta?cg"'de‘ai ¥ "-fqhaﬁ ht[é]l?’ef%%?%rl%sﬁ?%t vgﬁ?%%e%%%%ent s of

20 t he in¥ént i oedudss cfhddsmmpetatomrefof heheér tAg @rred enbodi nent
gt £ hehér exhagst /g ¥

of the pr esenta%%y%%% W@%%gfég@e ﬁyi%ytgfi@@g%fngniﬂto

with reference raw ngs 1 n which: Figure 1 is a
schemati ¢ sectilmAoOmRRSFINT 016 QD | Bhofuse e precstroRARRGi Reabf the
present invent¢fimsfdgUhdards) S a schematic flow diagram of one exanple of a
I ustration of a heat COM CEBOIUTRY {SoBREL EREOA RBrt o T FEST FOERT i on.
20 comprises distilled water.
The compressor of the humid gas turbine engine is
preferably arranged to compress the gas according to a
ratio greater than or equal to‘approxima§ely 15:1.
The compressor may be arranged to compress the
25 gas according to a ratio of less than or equal to
approximately 30:1.
The gas turbine may be greater than or equal to a
1MW turbine.
The compresscor and first or primary heat transfer
30 means may be arranged so that the temperatﬁre of the '
compressed gas exiting the compresgor is approximately
400°C and so that the liguid injection means reduces the
temperature of the compressed gas to approximately 195°C.
The methods of the fifth and sixth aspects of the
35 present invention may further include the step of heating
the gas either prior to the gas entering the gas turbine

or upon entry of the gas to the gas turbine to maintain



Best Mobde for Carrying out the Invention Referring to Figure 1, a

reci procating engine 10 35 general ly conprises a piston 12, &&Nﬂ%eﬁﬂu
cylinder 16, flywheel 18, connecting rods 20 and 22, a liquid salt 29
SON Z004 - 17 heat cell and associ ated heat exchanger 24, a regenéerator

26, a butterfly valve 28 and a heat eXchanaSr_SO. The piston 12 is designed
to slide up and down al ong the |ongitudinat“length of the cylinder 16. An
external 5 cylindrical surface of the piston 12 seals against an inner
cylindrical surff¥céespPerhéuag ChdeRslEREFang $Hicages tarpidng 3tnid ar shape
to the piston 1233ktRAUgh coh'st akRP VenPides el %fh%g\p%l%tl%ﬁﬁéhyt @30oe¢&r, espond
to an upper inner surface of the cylinder 16. Unlike the piston 10 12, the
di spl aces 14 does not sedPcaBgFRstsafti kbeadicyli AR EaKCBURPREETES: ©f the
cylinder 16. Thaediesipl de€®nt4 onsS mdgsifinathaho ifpiadepwaedky epad odawnwar dl y
al ong the | ongitudinal Iingth.ot t he cyl.i.nder, 16. TQ nmovenent o% t he

di spl aces 12 and piston 127t efB0PGERT d4EGH 16 REFC $PP5 COBREFEEPE 987 ¢ hei r
connection the flywheel 18. Thé&tpirstion 1E2vies thenecompdessorhenfl petfeate by
the connecting rod 22 while t IS iy.$, -C t . e

18 by the connecting rod 20. gﬁquoﬁﬁgﬁgﬁ%éé}gég %gggﬁdggzkgﬁgga tac%gg to
the flywheel 18 so that the ptsamsfEr means( &nspl aces 14 nove within the
cylinder 16 90 out of phage rebakeweiy eaeh 19al frol shanekRadisd dpss the
cylinder 16 into upper and | ower ends qr conpartnents 32 and 34
respectivety. Heliumgas is cBFEEENESP it BedPFotRethdnlRpEPea FOMPEHRES Bhds
32 25 and 34. The hel i umpgaes figsgl s@d Rankheyl hewtt krangieeomdaard gk

pi pes 36 and 38 rﬁspec iﬁglétmthh en%%!% helhpnl as E omthe cylinder 16
Do 11 ow t hr oug e REGBHEr bt BF B8V ReEn a PO s P onBEL REEY]
associ at ed heatxebahgegebeidg Ineangledl miop&rafsdetehestafproxithet &Hent30

per pendi cul ar | t | indeg 1 al I . l.gnghtudi na
| engt h of the %?%%%gérR%ggéhfpé%?ﬁégﬁﬁgggg%ég3 S&? ﬁ sgggﬁégglf&o an up
surface ofl? hecopprrgsedlgasThbroviolr Fhse PTEMaINNEERE EHE Efdeth®s with
the regener al Okokrélib® bBEnBObraRcHS ceOBIAE! Lrbheohykbndan =10 Wi th

the liquid salt_heat_ce|ll anq associ ated heat exchanger 24. The col d pipe
36 al so cont i n&EoBEPoRbCt REIPEG¥N &Rt PX8BPgTonnect t he regenerator 26
with the 2 g NOV 200 -cdfiprésgeddgaskeshnatringl b hhighaspecigfiedhbast
exchanger 24. The | r _hal t. of_the | i nder [ tac to t eat
exchanger 30 Wﬁ?@ﬁ°g§$d§$%8%§d£ o] F@%% gwﬁgaP%?P8%1?%g g%%rg gl?%ggﬁﬁﬁa
cylinder B0 Tieadgirgui HowaterStheat ags hogfndsasfdicicnl hesagasselsamidh 24,

in conjunctionywth k ‘éc&%ﬂé“SEQEOE:a%@_ciﬂﬁe%%écﬁﬁgeh%e{r}i Reta3lf Fade38 are
designed to heat the heliumgas which is contained within the upper end 32

of the cylindeteds whenhexbpRgtere tFed fhechurdipg -t fBeupiereents2 95 t he
cy: i nge.r 12 aﬂd,fleheoghisggu&hsnga&n\gﬁmhmhg ic?la hheal gmrmgagl Mg@hﬁt he ]
cylinder 16 t jstop.l2.reciprocates upwardly._ a 0 r Wi thin the
Sylinder 16 | nCAERBPAHACELAPT nCPREPH HSTErRagy ERANBEey BFEXOFRE” movenent of
the pistor282 Mestuhhs,i Oxygeali or Uhtklre vhbpuwheeld i8. pTefesaplygehel insn.l5
t heref ore capabl e of converting heat energy into mechanical energy. Wile

the piston 12 and di splaces 14 are connected to the flywheel 18, the noving
piston 12 and di spl aces T4ecepuinaby bsad eschppdatemayeberaruhngadr §p 20

rather than neg¢hagicahe€Behg¥ratlis et @hRALLYSYOUEA BEsPRESHRLa Ry for
exanpl e, attaching magnets_to a rod sych as the connecting rod 20 and

al | owi ng t he r&82Ro KoFEURSr WRr BPREP* HERk®EYd 2OC/r dtigh a coil. This

al ternati e option woul drheve¥€hodLJBiEr €nd SPEEtRJaRE kikeni hepewhkCBE22HeS
capable of initiating the upward _novenent of ,th iston 12. In_the case of
Petmrent TERFLeBpiarc oy Ehe

t he enbodi nent PFEFFRE ™V S EF Gl B2Y, TPAICESUpREF nfEP® Sfovi ded by

t he nonent um otrhheferring heat from the heat storage means to the
compressed gas using the primary heat exchanger.
The second heat transfer means may be arranged
35 to decrease the temperature of the exhaust gas to
approximately 200°C and increase the temperature of gas

exiting the compressor to approximately 400°C.



fl ywheel 18. The reciprocating notion of the piston 12 and 3@ Hif¥ 14
occurs as a result of the followi ng cycle. Heliumgas fromthe upper d 32
of the cylinder 16 passes through the cold pipe 36, through the regenerator
26, and into the liquid salt heat cell and associ ated heat exchanger 24.
The heat exchanger that is associated with,35_the liquid salt heat cell is
designed to transfer heat fromthe liquid salt heat cell to the gas which
passes through the heat changer . he _hel i.um gas._passes - ~OVv 200
8 through the heat eibhaagernit Peet REFEPOFE NearBd aRa 2eb8dgudnt Iy

fl ows through tdeeupetcapiope 38 and into the upper end of the. cylinder 16.
The hot heliumagas is ab t 0 p 2 t he
‘cylinder 16, 5 between a?ﬁgu?g%hggggggglbggfggﬁéhggsglEgggﬁ?grgngggﬁ i nner
si de surface ofexdhanggii-nder 16. The hot gas 32 therefore fills the upper

end 32 of the cylinder 16neExRaRsidOhdate thahdiell Woag@s ragswet S in
forces being applied to both the piston 12 and di spl aces 14 d ig
a%gf.er Kehe

subsequent dowRFFARIFEY EReREREIV S Bl SFem R fFigiSh 4&5s

pi ston 12 and dixaph@tegatdhaBY padadahilondghhe Haolzegamd dela: asansfesul t of
the work that it has done on the piston 12 and di splaces 14. As the gas is
cooling it pasd®&™nrough the cold pipe 36 and into the 15 regenerator 26.
A generator is designed tbeabsorbhdazyt hertntirhesjas wersls paysbe ehmraoged
it. As the % t of e, pL.s di spl-ace Nty within the
cyl i nder 1%g?h§Q§§§°%FF%?nt?ﬁekgﬁF%%'§$HT%‘§£§%% %ﬁ%%ﬁ%ﬁikvﬁgﬁ§%he pi ston
12 is at its | eeerordnatgdvnBO0iFthin the 20 cylinder 16 the cooling of the
gas within the upper endpge QbcbR@acy! hader tankesw nshRsamigCiuENREG
created and the piston 12 being_drawn upwardly within the cylinder 16. The
upwar d novenenttegitigfy¥ hedtofxfRamngen.so facilitated by the nomentum of the
fl ywheel 18. As the pistoRelfemBiasy?hedpwaiidhyngeremagolingdsdehildlgniisl

contained within the upper _end 32 of. the | in : Q f e
upper end oF°Phén§yB§ﬁﬂﬁr%f§,PFﬁF@ﬁEhO%%goggﬁég%?ﬁgﬂégpgﬁﬁ#%ﬁgéé%ﬁ%nt|y
t hrough the redgentiatyr het Asxchasaes Fogasepeyads ofhheagh finem tdgener at or
26 it absorbs hgat.f ogg%he 30 regenerator 26 which has been absorbed from
gas within the cylinder 16 in a previous part of the cycle. The'gas passi ng

through the col d pipe 36The TrEReAs efptbRefidlh AnthEirkdensPscss 5§ fli%or
to passing thrgu@hehie ingahtavahaiRge Fudthelt ihcdagecitdiedvsd bt he | quid

salt heat cel |. the gas _passes rough the heat .exchanger associ.ated
with the |$‘§ui &réasézﬁﬁéf‘gcg‘ﬁﬁgi Hom R aﬁ&%agaﬁr &7 %315 %"é“%’;ﬁeé’isr?edg

t hen passes t hieisgiprtibe kot thiepeompe@sHa/ o280 bei2d rl3drmdd thwowgbhdhepper
end of the cyli r . j t | PQUSE, Lyhput fromthe
engi ne 10 can ggg%§n§?okgé%8%%;%%%g E&?%é?ﬁ ymbgﬁﬁe%%géqz butterfly valve 5
28 can be usedxesupesatiogt the fl owate of gas flowi ng through the col d

pi pe 36 thereby restrictifg hBenbakeost tyhi ¢hreot 28aS AR SsbBetePRAT tanRd
32 of the ggllnder 16. ,Such restriction of the flowate ofeggs# nto the
1 iO g

cyl i nder r eSHEETEN IANERE SRS, MFat FHE tREE MR UE | & 10 reduced
or throttled. HirankfeieihbyhealtyvErdh eche htaeltr gake pided: tte ither ease or
decrease the power output fromthe _engine_10. .The displacer. 14 e
mai n functionsfﬁﬁfuﬁgo N eée%gﬁéyﬁ%ﬁﬁ%gFgngP?edﬁ%<ﬁ§%ﬁ%ﬁ%§ﬁ§’F%g$’ g%ﬁ%g
the 15 fIymheekpr@ﬁeryobaatonxuhamﬂegh provi des nonmentumto the downward
movenent of the piston 14l 52l $QARIUCESLRG KR Wil Qhill MRPSHBAG, 32
of the cylinder 16 neaning that |ess expansion of hot gas is required to
drive the PP st ®#speRtdoinabg Premend [Lpventigm says fagidar dnalugs Frsreans

flowrate control means for controlling the flowrate of gas

flowing through the gas turbine engine.
The gas f£lowrate control means may be arranged to
throttle the gas turbine engine to control its power
35 output by restricting the flowrate of gas flowing through
the gas turbine engine.

The gas flowrate control means may include a



20 that it assists in heating the gas in the upper end 32 of kader
16. The liquid salt heat cell is a sodiumfluoride |iquid sal ?Igﬁggyl 2@%1

havi ng a wei ght of approxinmately 2.97 tonnes. The liquid salt heat cell and
associ at ed heat 25 exchanger 24 and regenerator 26 are designed for the
engine 10 so that the tenperature and presgure within the regenerator 26,
and liquid salt heat cell and associ ated heat exchanger 24 do not exceed
approximately 800 C, and between 15 and 25 negapascal s respectively. 30 A
reci procati ngvérjrdlene 10 operating in this way can be used to power a
vehicle. For an MRV, thehéi gqaidfiaktrateatcontlrol] deiag spmefve e Ippsddpatyied of
provi di ng 100Qkw of _stor enRer t erat ur. i r 650 to 1000
C. Sodi um chl %rol §8nfﬁgglﬂe'gel ?’?lﬁ%%%f (}oéri e (%%ﬁ%% sorgitg{n% fluoride
(NaF) are all seapadhzyoheptotirdingg <r0oGianofarshdhgy dsMBRFFES0 and 1000 C
and NaF appears to be thg bastneAMRFORLSE AGHHLand QAUGHG It ATRINtE 108

2 9 Nod Z - 21 weight of salt required to provide 1000kw of energy

whi l e al so ni maRssRsgipNengden mah g e ipcluge tHiheite® MNaF is capabl e

of satisfying dheraieiagerhoraduwieticd b il ratiify dfhioddiuikk spdd heat
cell for an MRV. 5 It is_expectgg]fthat th%{]eci rtoczgj n%g engi ne 10, of
Figure 1 woul FB®1R8pERFERST Yo SAFQ T St Ut TR SRR3R 00kw.
whi | e such an couitpoll issCapaebe caftgaanvering an MFtV, it is advant ageous
that an be powered a q SQUI, I\ di ol tod hap.
this.. The 10 gas turbi ﬁéee‘ﬁ%?ﬁgdz?%gft%% %&r%\eehzaﬁglg{ %&5‘3%*??5& ro uéci ng an
out put of approeisentelipvedivwramay Futidree! dmelndss drhe Sher ?i%)eferreq
pover sour ce 0/ Da4e1hA0.AL Wunlded S IRLIE AL KahBu i 2K Gl | NG

engi ne operates I n accordance wth the sterling engine and (15 includes an
i sot her mal cofyddnroAngdses bging, dhmwark fhFats AMETRE B8GRFHrsi on and
constant vol unme cool i ngrhB gaeotdahEfeMenyitet Dfadhey alitini tdhd MRusK
output fromthe reci procageng’gen i ne .bei ng .measured. b A t he ar? encI osed by
the cycl-el®n &5peEESuPE- YoPUREF TR SRV 1% &Y P R a humi d
gas turbine endigred4@lgenatal ool insemsa fiyas danthiokEl iy thélafldweateel |
and associ at ed at_exchanger .44,. rec I r.146, ;9??5 | o83l hegh
exchanger 48, oe{;qﬁl&%laléf f"glﬁgﬁg,léal&?fcﬁe&%\jw%a eooctg%:t rcé:fin va véég%oé%d"(’%

conpr essor 52 .lifisddganiestignbmeansnhgitite caminply W Ry PRERpE 2firbheae

engi ne; exhaugf, O35:8¥hbi Bagkh@.gas turbine 42 is channelled into the
conpressor 52 which then punps the exhaust gas back into the inlet side of

the gas t4fbi fdesdiawhd £dRpradSe FITUNFRESHh SERThPRP by t he

conpr essor 52 pridpertibaall igkyreds @i fbdentiind i (. at. 3 decaittdElgas
turbine 42, passes firs hrough the hymi difier.49, r

recuperat or 46, and finé#fgykt'%r'%gﬁoﬁ%g%rhea c?éel Ia]'lan %s%o‘g#g{héi %Jét
exchanger. 44, twr diberabe g&s ther BidwmuUP whislyds viierted pimpredther ough
the gas tuf bl R&nE0al08a33adl i ditiddiiRs ol &4 U ERAle |52 A0 gNEd 10
conpress the exhdust gas’in accordance wth the ratio 15:1. The recuperator
46 s essenti sidmprgsgedt 9252 9 ~OV 2004 - 22 exchanger which functions to
transfer heat fromthe exhagstr.®3s donthida 16RMRIES TR LaSadd td Scontrol

subsequent |y punped t hrough the heat exchanger, that is associated wih the
NaF heat cell .th?hé’c’?”@ﬁpé’?‘g‘?&te &+ t:ﬁ"r‘F’e B s %‘W%ﬁb%x‘i’%?gr?ﬁelﬁgs

turbine 42 i s papgpr ekendllekyats0 oE thHee depniliaditiee trdilgh gelse egagi ng from
t he conpressor_52.i S apprQxi el 00C. e 1difier. c he
t enper at ur e oftulrﬁ’énﬁagp‘gx%ﬁeng% t%%a;%oerrporfeggloer 105 avg%:f%lgi?r%tgﬁié %é% and
the recupt®at dm 46 taesesmpresEed ampertat thte dfiduial compeetien BRRRT 0

approxi mately 400 C pri Qi .t 9deh olqu ng,d @j%{g{] 4he Heatn exeharosrof hghel s
of ¢C

associated with the NaF heat cell. Punping of conpressed gas through the
heat exchangeprelsgnti dnyessdioRn RN Fur texr Nae telap | step of

controlling the flowrate of liquid being injected into the
compressed gas to control the power output of the gas
35 turbine engine.
The method of the fifth and sixth aspects of the

present invention may further include the step of



15 results in the tenperature of the conpressed gas being %giﬁgg %ﬁ a
tenperature of approximtely 930C. After the exhaust gas passe %ugh t he

recuperator 46 it is at a tenperature of approxinmately 200C. The exhaust
gas is therefore required to pass 20 through the gas to |iquid heat
exchanger 48 to reduce the tenperature of ghe.exhaust gas prior to it
passi ng through the conpressor 52. The gas to |iquid heat exchanger 48
reduces the tenpe S p i g
water 5115 pusgaarehcodncPRet SEREaEe B e e e P R s
fl owr ate contrchevabwprsssed posi vesnadthet weanidhélgusate FPHEFElheat
exchanger 48 apd.jhe conpressor 52. The gas flowate control valve 50 can
be operated to tﬁrottle t he gas turbine engine 40 by 3Q restricting_th
flow of gas to the gas tGPBi AECAPToTRE 184s 2PRodRgt EVESIPFPRIAPGE 85 g a

vacuunl pressur e;pYAP ¥hich hadMpeuk-ehedsRycasColt thle @y&tsem: E)hﬁ'éhtlleﬂ
water 53 i s condensed, out of the g?s after it exits- as ?UId heat
BYat3aiie Hifpifebk

exchanger 48 aR@YbBRGPePPt 2pRaREEY: P dFivend §39°3% fol valve
50. As explaingdnabauer,thecgaalhhawmabastemtmehnwaﬁme Sbecamabefasedlt 0
decrease or i ngreas ower ,out p f he,gas
tur bi ne 42. Fbmeverghg N a%méFB%%FpuPISE mo §§ ?&gg%ng engi ne 40
is inpaired |fcphbsnn9ihodfps ggeurOBﬁlaenmﬁthpﬁgaﬂh@quﬁmwéF@mSGhGﬁe
distilled yateg bghg the humdifier 49, it is expected 5 that the power

out put 54 w | fe to be controlled wi thout adversely effecting the
power output 54 of the gBietgePBRRBtERgMA¥ R6. AAFPREEGr FPoRERTPRt egr al
differential (BikePricgonktekhge weuhd haisui hapl enf euraoper akirafgetihéo
flowate 56 of the distilled water into the humdifier 49. 10 The P.I1.D.
control | er couP@*B5nBRoPLERETRFORPELE “of distilled water 56 in proportion
to the gas flowate contabtephatheelgs thewgeherabotr dis pakfexrsblyo t hat

t he power tput. 54 i n || Vi tQt +f e control valve
50 and the aﬁfan%n rogléégefgg cg%%%% gntgﬁggg?ﬂéégﬁﬁg%alnent of the
present |nvent|on a fIU|ﬂhﬁa¥Y@€athecPEEP/nP§°Fh@aﬁuPPdPFFéFQQQ &Pt fxiNe

sel ection of tQgefbghgcﬂgdghgguggxhgagguhﬁ% aoRuRi of heat which is able to
be stored as latent heat as a part of the prqcess of ﬁpanggggﬁstate froma

solid to 20 liquid aad/dﬁh?lﬁﬁFHPF8°35§nglﬁn r §8f 95 BefeMBErature
of exhaust gaseaBhebengrihfgeanpoedsdireda gbmﬁbmﬁ so enV|saged that the gas

to liquid changer 48 D nDdifi d to i ngl ude a, ri n e i ¢ch
i's able tdﬁ?omer the tenperafure F ?ﬁe gxﬁa gas Fﬁg?hg m3 h?gw%ag
entail using asveptéownaraamgeqénBparotha@aﬂweﬁ af. (The &SP éﬂwhaﬁg@ﬁ048

In such a S|tugklgn | hadS<B §ggpggdtgcgb§@g@§5dm1§bd¢5ﬁglOM/rate contro

valve 50. It is pre erred t gas turbine operate in 30 accordance
with the rate and cycl e B¢ ¥RASatws FFPeEnﬂéPﬁ1mﬁﬁtﬁ@u@ﬁrﬁﬁgeﬂrEPeﬁFéHe a

enmbodi nent of gbgblgvgmgtantggg nga&aQQgerbbgg inrelation to H20 it is
al so possible to use othe ds_such as a i

n A Lison
T63- A- 700(250- C18) gas t ‘Blﬁghhﬁ}Shm§§ bPSgngslsggﬁ E‘Hﬁlﬁﬁlf‘iéf DBBPORPRSEel y
236kw can be ugeﬂetatdruvmeahaNRVa1Th&aasﬁemamednsfﬁkai@h@ytahnsﬁerabdve

described gas LyrRLpg,g0gLRC AR LS, 200 QBLE N3 %r HiRse 4nd P-QV 20f
combination for controlling mechanical output from the
reciprocating or gas turbine engine.

30 The vehicle may also include the gearbox and a
vehicle being powered by the gas turbine engine may also
include the wobble plate type hydraulic pump.

The gearbox of the wvehicle may be arranged to
drive the hydraulic pump.

35 According to another aspect of the present
invention there is provided heat storage device comprising

a container with an inlet, an outlet, a heat storage



NaF heat cell is preferably capable of providing 1000kw of stored ener

for the purpose of transferring heat to the conpressed gas at Qﬂeﬂﬂ:}brﬁ%re
ranging from 650 to 1000 C. As explained above in relation to the
reciprocating 5 engine 10, 2.97 Tonnes of NaF is therefore required. The

Al lison gas turbine is connected to a gearpgx_which has a step down ration
of approximately 6:1 (35000RPMto 6000RPM which in turn is connected to a
wobbl e pl ate t draul i u ich is designed to.transfe ower to 10
tracks or mhee%gggggPﬁg ﬁﬁé ghggﬁgﬂt5a§8?F@smSgnﬁydwgﬁFﬁclﬁn?é?gFggi§8re 3
shows a heat cerangmibc€dnddnéstwi theonenenbodirnEnt phsshgeptksenth the

i nvention. The t 6 e alals indrica hape,. W a,gas
inlet 61 throu% Q?SSgg%égesgggggﬁﬂg%.Q%Eehgégﬁ¥kpgtE%§ %%ﬁggcg?fﬁéchgge
conduit whi ch e®XEéflls t hrough the centre of the container 60 and at the
bottom t herseof branches plePOriBi9 €RBAPIL:8310aYi ggsopeni ngs at each end.
The container is filled with a high tenperature 20 salt which is heated to
a molten state. The cont&rfRchert FREE29? oRESERRER BRYE PRI SHNR CROLESRD| e
to substanti al d:l;le:ﬁie:ih{!en&oﬁbbuh&ahuﬁ?oﬁbeiﬁﬁﬁﬂﬂﬂ EhQBl-iﬂ&iédEZOf ]Ehe
container. A gas outlet 64 extends fromt { sectio 5 of the

contai ner 60. In operati%%eaf%%%gi%aﬁﬁﬂ%éﬁg?ﬁigﬁgﬁr?ﬂég%%ﬁﬁﬁ?ﬁq%HPQnﬂhgxits
t hrough t he endsnbéinenduhto6ghi hhe hbhatbstbeagef sthetavataandrowd. - The
gas, whichgqs r u bbl es through the nolten salt which may be
30 Iithqu*ihl%E?%%ggn ?nggﬁéggfocess absorbs heat. The gas then | eaves
through the gas outlet cBh@itheatobsauefenlyedmyghory teomerbserat Idmsyasene

bubbl i ng t hr ougbndhee "Rt ERNa 6k EakPi bk soiﬁezgi:r Sﬂegfﬁgt B&Latbh hyf hepaol ten

salt. This is in 35 contrast to existing heat ce ere heat must pass

through a net PoBEerief thergpPREatinehe heat exchange tubing. z ~~ Q- 2004

- 25 It is expected thatn ttige epécdd bne | Qimbdri "eF dké& Cineamnt 25, DethbbipRg
unit woul d.be i.,n the vicinit i i gher

f f h dt h t h
conventioggl f%&ﬁ?%é?h%oﬁ?%%%xguﬁgqﬂggésg&%ﬁ%ﬁﬁ%%g?séﬁ?t %rﬁ%?%g?? i's
expect ed 5 t hatandmagestr ohepessacyi tmpbicsuibna tkatwstds afeomieri stnyoyl d
be siani fi cantldodgSpedlan Lhakegho RIS ONGLACH, SAQT88EdYE COS,
it € hea

Because heat exchange tubing is not require e size of cell can
al so be reducetinanciregf i Heak ol anoctherfentateaespeoified nawdmei on gas

may be bubbl echsdveibed heitR! tereBat t réistied! $RTHRLIMEs J8RLEl SROREET BY
met hods. 2029 tl\AO\/ 2004
e invention.

Brief Description of the Drawings
’ A preferred embodiment of the present invention

will now be described, by way of example oniy, with

reference to the following drawings in which: -

25 Figure 1 is a schematic sectional view of one
example of a reciprocating engine of the present
invention;

Figure 2 is a schematic flow diagram of one
example of a gas turbine engine of the present invention;

30 and

Figure 3 shows an illustration of a heat cell
according to one embodiment of the invention.

Best Mode for Carrying out the Invention

Referring to Figure 1, a reciprocating engine 10
35 generally comprises a piston 12, displacer 14, cylinder

16, flywheel 18, connecting rods 20 and 22, a liquid salt



-26 CLAIMS 1. A closed cycle gas turbine system conprising 2 ﬁ@f@rg or for
produci ng conpressed gas, a gas turbine for receiving the c r% S mgas, a

heat 5 storage neans having a first heat transfer means and adapted to
receive the conpressed gas fromthe conpressor, heat the conpressed gas and
transfer the conpressed gas to the gas twuriy ne and a second heat transfer
means for receiving exhaust gas fromthe gas turbine and 10 transmtting it

to the compressor: A0t MGLLl N LI SELob el AINLLT2 IPANS dobrddant sl 0

transfer at | sone heat Tromthe exhaust gas prior to it being

transferred to2dhea dorpreasthy valvarms Anderl kSal eppandfidfe st em as 15

clainmed in clgimdohes ef o 408 FREPND hepiad ransh dBanalongadapi ed to
transfer heat fromthe exhaust gas to the conpressed %gf rior tjg t he
sf ‘ﬁ%@%ﬁ% 8

conpr essed gast¥RGHGrdERRL viRRER 1 the Gy hiERdex rth . The
cl osed cyclke gaglindlPiaer Syt eiBaSoR0cld apidton ML Hedd 2 agweimaitn athe second

heat transfer npeans conprjses recuperator.. 4. The clo | e gas

t urbi ne syst em™ =TI ’fjnc?:faﬁ"?ﬁ ?%c‘f%d’f}h‘@ ?#’tﬂ#%ﬁ ?l?éej'r Q%%nnect ed

bet ween an out@ipbicéhelsobpressioniax stmpaput die tihiest2H Heataldthoragke
means to transfeys.c [es { aﬁg : Jhe. &hasgd, S

t ur bi ne systen%]itgsS c‘?@%ﬁd&?%f%?éailn%]?{ erﬂei?%p%cf:n%l h‘fj‘%‘i%ﬁi,er ir?lgcfgp&t&gd to
decrease the tupmper ainmer ofuytacexdd | the t¢el Euigr kS orV=a ks ithe RE5%°Bei ng
transferreq t o4 he xecyperplosy fi ddEs AOSesLy den st tal b st em as

claimed in claim5 wherein the recuperator_is adapted [0 raise the .

tenperat ure ofcYekndeterl cBrfans (e FIHRATY c}6 - Aharlisningsy dh 1% gas
t urbi ne syst eraasi @Bed! @b Revé NuSbadl P amt| dstinign pd DY i Yaxd erhe or

controlling flowrate_ of liquid.to humdifrer.. 8. e ed .cycle gas
t ur bi ne systenjr%’ég:bif‘é‘?%%ii:ﬂe%q rﬁ’#h?el?ﬁ%l T HY %rgjég' t%ﬂ:[ i%%‘?egn%ét&% 29
NOV 2004 - 27exchandibsplacat etid betdvasiston ol prelafivéco acaglercditar abd an
i nput of e c tQ, t Y, ggggﬁ r’@_ﬁf@g . Spehp

prior to :i S t?‘g%]?"sé]r?f%% l?lﬁeégé()j?r%rce"gssor. élgéu%‘ﬁe C os%%fcifc_l e gas%%%gﬁli%ne
system as cl ai Fedis rcereeered i wre|the ngluvkeel v Fhet RRETR wade24hi ch
is adapted to o1& Oolnd ! Qspiadechatipli dadodedted 086 thd HEDAhddl Theby

cl osed cycl e gas turbine syste%a'as 10 cl ai ned in, cl ai néﬁQ %ered%he
control I er i ncHRRIeSCBRSFHHT tFHhA0 i MRYrP P F Lt P k) t3oF 1 er
whi ch control sattaghédi vb ochdefhywhekll i B8 dasedaonthée avistadre W axbaust gas
through th6 COM ISl dALVEs ddve AEINC! Gl AW 10adll 0001 S IR U Bl o
closed cyélle gas Rt oTne sySTem Conpri st hy ayconpressor or producCi ng
conpr essed gasyelaygiwet e beachfethercei ving the conpressed gas, a heat

storage neans having a fpistodert diAsdercieans fiteadaptadd agaei ¥eat he

conpressed gas fromthe conpressor and transfer the .con%ess d gas :tLo 20
the gas turbi nEOWeT s@RdH ORGP RFEHEIRYS B2 aPd of 4 r BRI My Txdhrafie L e
fromthe gas tgddi 1€ 664 1iR68IRIEHNY horh Orhdeuspspr &sd Otowentl eddbs eBR t he

second, heal L1 angl el RN, LR Aot Lo aanaler L ks RRBaeBbyf IO
vehi cl e as cl cam@dhon pipém 34 aer®8 respectively which enable helium
.gas from the cylinder 16 to flow through the regenerator
26, and the liquid salt heat cell and associated heat
exchanger 24. The cold pipe 36 extends approximately.
30 perpendicularly from the cylinder 16, about half way élong
the longitudinal length of the cylinder 16 while the hot

Péirface of the cylinder e

pipe 3B extends upwardly of an up
16. The cold pipe 36 connects the cylinder 16 with the
regenerator 26 while the hot pipe 38 connects the cylindex
35 16 with the liquid salt heat cell and associated heat
exchanger 24. The cold pipe 36 also continues beyond the

regenerator 26 to connect the regenerator 26 with the



the second heat transfer means is adapted to transfer heat fZéhﬁWWEQUWhaust
has to the conpressed gas prior to it being received by the first heat
transfer means. 30 13. The vehicle as clainmed in claim 12 wherein the

cl osed cycle gas turbine systemincludes a humdifier which is adapted to
recei ve conpressed .gas fromthe conpressaer jgnd transfer the conpressed gas
to the heat storage neans via the second heat transfer neans. 35 14. A

closed cycle gqagwdblsgqt%@amailc'a%a”%%g& %@#nhjea%%&%ﬁgnﬁg%

st orage neans - 28conpri ses hea cl ose cycle
gas turbine system as cl &PRedovArchaili o£ Wher eivd itlercdfpiesssFaghachegas

turbi ne engi ne the RehHANLELNLAGELMBDESR I 92 VAGHH L RD SehRviN@dat i 0 of
6.2:1. 16. The cl osed cycle gas_turbine systemas clained in cla m15

wher ei n the hedo% &*&g °H‘é’5n§aéﬁd°§s§5’ﬁ svdd Mexs il ban Fhgeddiife s Lt
transfer nmemnshaghe aknanged tessebatedn hehke tee;rmﬁzﬁeﬂ mqf i@ASofFheld tiloh he

10 turbi bst ant I tant t 930C._ 17.. T
ol 0Sed Cycl ¢ gia PR nE “CFBPEATHE Al T LI e FARGPER “PhEHShat s
turbine conpri ses designedgas henbi tbeebgilnemikiash whichudes donttaiithed
|njection 15 MARRsLOLHNLEELLNdak! 9yl b RQ, t%%ﬁﬁ@}f 33°8y092a0018 4

| eaves the conpressor and ore It is heated first Secort eat
transfer meansgaggwhigk disodadtbgchprgas emdgr @12n@fs>téxeewésn§18m fed @l cl ai m

17 including | c84idngoRARN§LBIwARERAS 1504 2@ HEONdRRY REdl BaUiE th@m the
exhaust gas prior ., tqg it _being fed into_the conpressor. 19. The closed cycle

gas turbine sy§¥éﬁP§§rcP§|ﬁﬁﬁ PRSEPRI Ar1&SRHEFEICR Ya%e WMEEFdY 80dondensed
from t he exhauabwgaarbekoketBinather cihe nadiaust ngﬁ%m&aa&c%vﬁﬂ&pt&{bt he

second heat transfer s. 20..The.closed c cle S t i ne.s ste
STarmad To ol LERReEerRERL safRanrUCIR: CRPE T Rl o el BB Rr deans
i s sel ected sorehulitshénsecbatibeabft thesitdy mh@mé.méduEhs Bhglhemmneﬂmre

of _Lhe exhayist gaso38,L0aUbB1 aNbE ALK ATNLEN BTPELALULe spELOr 1O 11

passing into the conpresso ut the use o Sec eat transfer
means. . 21. Themerééacé}cP§e§§§ turbi ne system as clalned in claim20

mhere|n the conpressor lﬁh@léé%mﬁmbigtéé @9”358531%B§a9€§ agcaeding to a
ratio greater than or uaI % %ﬁ%ﬂ he cl osed écle gas turblne
syst-em as 29°REﬁe§58 t?9t Pa hFﬁ&I&FH]f@eoFmﬁpgphP FLeReréi
conpressor i sadiaphadetrotanpoaid bleugad a@cgkéﬂm@et@1&ct&ﬁb&lobnb&%§ﬁr
equal toa oX Ye 2 closed Gl e S LY Ri ne SYSE
aSC|aInEde$%C|%$§%§% mﬁg?eF%chgl%%np?ggggy an F’r§% attangrer dﬁ&%ns
are arranged snosﬁablﬁthtéqpeﬁaﬁupéeofathacbwpgeg@eugas tri 8i Hgdt Isarch
compressor | s subehantbahby¢Rl 264 50 LAA! a1Buskg ikl BLACBORFRANS
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flywheel 18.
The reciprocating motion of the piston 12 and
30 displacer 14 occurs as a result of the following cycle.
Helium gas from the upper end 32 of the cylinder 16 passes
through the cold pipe 36, through the regenerator 26, and
into the liquid salt heat cell and associated heat
exchanger 24. The heat exchanger that is associated with
35 the ligquid salt heat cell is designed to transfer heat
from the liquid salt heat cell to the gas which passes

through the heat exchanger. As the helium gas passes
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cl osed cycle gas turbine systemas clainedign-claim?26 wherein the second
heat transfer neans includes a tertiary heat exchanger including liquid 30
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conpound. 32. The heat storage device as clainmed in claim31 wherein the
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Lﬂc“a]c“ from the gas whlch passes through it. As the movement of
U ca] c”al ca] erdll sadeatlonlaad drdspaber] ealbsatlfa ﬁéﬂ;ﬁiaeﬁé\m 7 =B

cylinder 16 the gas within the cylinder 16 cools further.
When the piston 12 is at its lower most point within the

20 cylinder 16 the cooling of the gas within the upper end 32
cf the cylinder 16 results-in a vacuum being cfeated and
the piston 12 being drawn upwardly within the cylinder 16.
The upward movement of the piston 12 is also facilitated
by the momentum of the flywheel 18. As the piston 12 moves

25 upwardly, the cool gas which is contained within the upper
end 32 of the cylinder 16 passes out of the upper end 32
of the cylinder 16, through the cold pipe 36 and
subsequently through the regenerator 26. As the cold gas
passesg through the regenerator 26 it absorbs heat from the

30 regenerator 26 which has been absorbed from gas within the
cylinder 16 in a previous part of the cycle. The gas )
passing through the cold pipe 36 iz therefore preheated in
the regemerator 26 prior to passing through the heat
exchanger which is associated with the liquid salt heat

35 cell. As the gas passes through the heat exchanger
associated with the liquid salt heat cell it is heated and
as previously explained then passes through the hot pipe
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aexch angar d regenerator 26 are designed for the

engine 10 so that the temperature and pressure within the
regenerator 26, and liquid salt heat cell and associated
heat exchanger 24 do not exceed approximately 800° C, and
between 15 and 25 megapascals respectively.
30 A reciprocating engine 10 operating in this way
can be used to power a vehicle. FPor an MRV, the liguid
salt heat cell 14 is preferably capable of providing
1000kw of stored energy at a temperature ranging from 650 -
to 1000° C. Sodium chloride {(NaCl), lithium fluoride (LiF)
35 and sodium fluoride (NaF) are all capable of providing
1000kw of energy between 650 and 1000° Cc and NaF appears to

be the best compromise between reducing the amount or
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requirements of a liquid salt heat cell for an MRV.

5 It is expected that the reciprocating engine 10
of Figure 1 would be capablé of producing am output of
approximately 100kw. While such an output is capable of
powering an MRV, it is advantageous that an MRV be powered
by a power source providing a larger output than this. The

10 gas turbine engine 22 of Figure 2 is capable of producing
an output of approximately 236kw and is therefore
presently the preferred power source for powering an MRV.

It is preferred that the reciprocating engine
operates in accordance with the sterling engine and

A5 includes an isothermal compression, constant volume
heating, isothermal expansion and constant volums cooling
in accordance with a cafnotcycle with the work output from
the reciprocating engine being measured by the area
enclosed by the cycle on a pressure-volume diagranm.

20 Referring to Figure 2, a humid gas turbine engine
40 generally comprises a gas turbine 42, a NaF heat cell
and associated heat exchanger 44, a recuperator 46, a gas
to liquid heat exchanger 48, a humidifier 49, a gas
flowrate control valve 50 and a compressor 52. The gas

25 turbine engine 40 is a closed cycle gas turbine engine;
exhaust gas exiting the gas turbine 42 is channelled into
the compressor 52 which then pumps the exhaust gas back
into the inlet =side of the gas turbine 42. The compressed
helium gas which is pumped by the compressor 532, from the

30 compressor 52 to the inlet side of the gas turbine 42,
passes firstly through the humidifier 49, then through the
recuperator 46, and finally through the NaF heat cell and
associated heat exchanger 44, enroute the gas turbine
42.The gas which is pumped through the gas turbine engine

35 40 is Helium. The compressor 52 is designed to compress
the exhaust gas in accordance with the ratio 15:1.

The recuperator 46 is essentially a heat
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is approximately 400°C. The humidifier 49 decreases the
temperature of the gas exiting the compressor 52 to
approximately 195°C and the recuperator 46 raises the

10 temperature of the compressed gas to approximately 400° C
prior to it passing through the heat exchanger that is
associated with the NaF heat cell.

Pumping of compressed gas through the heat
exchanger that is associated with the NaF heat cell

15 results in the temperature of the compressed gas being
raised to a temperature of approximately 930°C.

After the exhaust gas passes through the
recuperator 46 it is at a temperature of approximately
200°C.. The exhaust gas is therefore required to pass

20 through the gas to liguid heat exchangér 48 to reduce the
temperature of the exhaust'gas prior to it passing through
the compressor 52. The gas to liquid heat exchanger 48
reduces the temperature of the exhaust gas to -
approximately 30°C. Cooling water 51 is pumped through the

25 gas to liguid heat exchanger 48. ‘

The gas flowrate control valve 50 is positioned
between the gas to ligquid heat exchanger 48 and the
compressor 52. The gas flowrate control valve 50 can be
operated to throttle the gas turbine engine 40 by

30 restricting the flow of gas to the gas turbine 42. The gas
flowrate control valve 50 is a vacuum/pressure pump which
is modulated by a c¢ontrol system. Distilled water 53 is
condensed out of the gas after it exits the gas to liquid
heat exchanger 48 and before it passes through the gas

35 flowrate control wvalve 50. .

As explained above, the gas flowrate control

valve 50 can be unsed to decrease or increase power output
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amount of heat which is able to be stored as latent heat

as a part of the process of changing state from a solid to
20 1liguid and/or liguid to gas. ‘
In order to lower the temperature of exhaust gas
entexring the compressor 52 it igs also envisaged that the
gas to liquid exchanger 48 be modified to include a
pressurisation step which is able to lower the temperature
25 of the exhaust gas further. This may entail using a
venturi arrangement at the outlet of the heat exchanger
48. In such a situation it is possible to dispense with
the flow rate control valve 50.
It is preferred that the gas turbine operate in
30 accordance with the rate and cycle but in a modified form.
Although the preferred embodiment of the
invention has been described in relation to H2, it is also
possible to use other fluids such as ammonia.
An Allison T63-A-700{(250-Cl1l8) gas turbine which
35 produces an output of approximately 236kw can be used to
drive an MRV. The estimated efficiency of the above

described gas turbine engine 40 is approximately 37%. The
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Allison gas turbine is connected to a gearbox which has a
step down ration of approximately 6:1 (35000RPM to
6000RPM) which in turn is connected to a wobble plate type
hydraulic pump which is designed to transfer power to
10 tracks or wheels of the MRV through a series of hydraulic
motors.
Figure 3 shows a heat cell in accoxrdance with one
embodiment of the present invention. The heat cell 60 has
a generally cylindrical shape with a gas inlet 61 through
15 a top section 62. The gas inlet 61 is a cylindrical
conduit which extends through the centre of the container
60 and at the bottom thereof branches at 90° into conduit
63 having openings at each end.
The container is filled with a high temperature
20 salt which is heated to a molten state. The container is
made from a ceramic material which is able to
substantially prevent all heat from escaping from inside
of the container.
A gas outlet 64 extends from the top section 62
25 of the container 60.
In operation a gas is pumped through the conduit
61 and exits through the ends of conduit'63 into the
bottom of the container 60. The gas, which is under
pressure, bubbles through the molten salt which may be
30 lithium c¢hloride and in the process absorbs heat. The gas
then leaves through the gas ocutlet 64 at a considerably
higher temperature. _
The gas bubbling through the molten salt unit is
in direct contact with the molten salt. This is in
35 contrast to existing heat cells where heat must pass
through a metal barrier in form of the heat exchange

tubing.
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5 that the cost of production of such a heat storage device
would be significantly less than that of conventional heat
storage devices.

Because heat exchange tubing is not recuired the
size of the heat cell can also be reduced.
10 According to ancther embodiment of the invention
gas may be bubbled through the molten salt using

alternative gas discharging methods.
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adapted to receive the compressed gas from the compressor,
heat the compressed gas and transfer the compressed gas to
the gas turbine and a second heat transfer means for
receiving exhaust gas from the gas turbine and

10 transmitting it to the compressor and wherein the second
heat transfer means is adapted to transfer at least some
heat from the exhaust gas prior to it being transferred to
the compressocr.

2. The closed cycle gas turbine system as

15 claimed in claim 1 wherein the second heat transfer means
is adapted to transfer heat from the exhaust gas to the
compressed gas prior to the compressed gas being received
by the first heat transfer means.

3. The closed cycle gas turbine system as

20 claimed in claim 2 wherein the second heat transfer means
compriges a recuperator.

4. The cloged cycle gas turbine system as
claimed in claim 3 including a humidifier connected
between an output of the compresgsor and an input of the

25 heat storage means to transfer compressed gas
therebetween.

5. The closed cycle gas turbine system as
claimed in claim 4 wherein the humidifier is adapted to
decreage the temperature of gas exiting the compressor

30 prior to it being transferred to the recuperator.

6. The closed cycle gas turbine system as
claimed in claim 5 wherein the recuperator is adapted to
raise the temperature of gas received from the humidifiex.

7. The closed cycle gas turbine system as

35 claimed in claim é including a controller for controlling
fiow rate of liquid to the humidifier.

8. The closed cycle gas turbine system as

claimed in claim 7 including a gas to liquid heat
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5 The closed cycle gag turbine system as

claimed in claim 8 including a gas flow rate control valve
which is adapted to control flow of exhaust gas to the gas
turbine.
10. The closed cyvcle gas turbine system as
100 claimed in claim 2 wherein the controller includes a
proportional integral differential (PID) controller which
controls liquid into the humidifier based on flow rate of
exhaust gas through the contrel wvalve.
11. A wvehicle having an engine including a
15 closed cycle gas turbine system comprising a compressor
for producing compressed gas, a gas turbine for receiving
the compressed gas, a heat storage means having a first
heat transfer means and adapted to receive the compressed
gas from the compressor and transfer the compressed gas to
20 the gas turbine, a second heat transfer means for
receiving exhaust gas from the gas turbine and
transferring it to the compressor and wherein the second
heat transfer means is adapted to transfer at least some
heat from the exhaust gas prior to it being transferred to
25 the compressor.
12. The vehicle as claimed in claim 11 wherein
the second heat transfer means is adapted to transfer heat
from the exhaust has to the compressed gas prior to it
being received by the first heat transfer means.
30 13. The vehicle as claimed in claim 12 wherein
the closed cycle gas turbine system includes a humidifier
which is adapted to receive compressed gas from the
compressor and transfer the compressed gas to the heat
storage means via the second heat transfer means.
33 ' 14. A closed cycle gas turbine system as

claimed in claim 1 wherein the heat storage means
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u” 10% ()-VV{§¥££gk(g <g§£ﬁ@ﬁé)whereln the heat storage means and
agssociated first and second heat transfer means are
arranged to maintain the temperature of gas entering the

10 gas turbine at a substantially constant temperature of
930°C.
17. The closed cycle gas turbine system as
claimed in claim 1 wherein the gas turbine comprises a
humid gas turbine engine which includes liquid injection
15 means for injecting liquid into the compressed gas after
it leaves the compressor and before it is heated by the
first and second heat transfer means.
18. The closed cycle gas turbine system as
claimed in cliaim 17 including liquid condensing means for
20 condensing liquid from the exhaust gas prior te it being
fed into the compressor.
18. The closed cycle gas turbine system as
claimed in claim 18 wherein the liquid is condensed from
the exhaust gas before or after the exhaust gas passes
25 through the second heat transfer means.
20. The closed cycle gas turbine system as
claimed in claim 19 wherein liguid injected by the liquid
injection means is selected so that the second heat
transfer means reduces the temperature of the exhaust gas
30  to substantially ambient temperature prior to it passing
into the compressor, without the use of the second heat
transfer means.
21. The closed cycle gas turbine system as
claimed in claim 20 wherein the compressor is arranged to
35 compress the gas according to a ratio greater than or
equal to 15 : 1
22. The closed cycle gasg turbine system as
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The closed cycle gas turbine system as
claimed in claim 22 wherein the compressor and first heat
transfer means are arranged so that the temperature of the
compressed gas exiting the compressor is substantially
15 400°C and so that the liguid injection means reduces the
temperature of the compressed gas to approximately 195°C.
25, The closed cycle gas turbine system as
c¢laimed in any one of claims 1 to 24 wherein the
gas includes any one or air, ammonia, argon, carbon
20 dioxide, carbon monoxide, helium, hydrogen, methane,
oxygen or water vapour.
26. The closed cycle gas turbine system as
claimed in claim 25 wherein the second heat transfer means
is arranged to decrease the temperature of exhaust gas to
25 approximately 200°C and increase the temperature of gas
exiting the compressor to approximately 400°C.
27. The closed cycle gas turbine system as
claimed in claim 26 wherein the second heat transfer means
includes a tertiary heat exchanger including liquid
30 cooling means for passage of cocling liquid through the
tertiary heat exchanger for removal of heat from the
exhaust gas.
| 28. The closed cycle gas turbine system as
claimed in claim 27 wherein the controller is arranged to
35 control the power output of the gas turbine system by
controlling both the flow rate of the gas flowing through
the gas turbine and the flow rate of the ligquid which is

injected to the compressed gas by the liquid injection
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30 wherein the heat storage substance is a molten salt
15 compound.
32. The heat storage device as claimed in claim
31 wherein the heat transfer means includes a conduit
which extends to a bottom region of the container and has
outlet openings to enable discharge of the gas therefrom
20 into the heat storage substance.
33. A closed cycle gas turbine system
gubstantially as hereinbefore degcribed with reference to

the accompanying drawings.




