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present invention relates'®'® heat punps, turbines for

use Wi th heat punps and/or generators for use with

heat punps, and in particular; but not exclusively,

to inproved refrigeration or air conditioni ng net hods

and apparatus and .to turbines and/or generators for

use therewith. 1 Al ND_Pr ref eration
cycles reject - he&éﬁ%@e&i‘ls l:r-'Jé’fgv: % cases a
portion of therORAUISE WITHEN WR CONDITRININGSCVELE

rejected may be Trecovered fromthe cycle, thereby
|ncr & r@rall efficiency. 15 Figure 1 shows a

di agr Lrég sentation of a heat punp circuit of

t he prior art Hot, high pressure refrigerant liquid
enters a tm%ééénf‘%vgﬁi\’dncr‘él’atesqgth%at 5\.3’?1;% kG EinkS fétusd V\;'i_‘?ﬁ heat
val ve, which reduces its pressure an nperat ure at -
constpampsmdwglgpveratnﬁ%fqﬁ efae \A@tb@@amu@a{ ap@m pargcyars bethot
thr Olég(elu@lvglﬁat% |r%9ro% étl(SH or &VaRABhAL r%?t%ascgbd

absor bs hea rom a |en nperature air

acr opPREtUsANdtadesingy aad/pagene;retﬂrs fog usetheggwittand

“thereby providing the refrigeration effect and

causing it to expand. The acquisition of heat causes
the ligquid to flash .to vapour and expand. 25 The heat
| aderPARKERAYND ui d vapour is then passed into an

-accunul at or whi ch has an i nternal structure desi gned

15

30

entoring THEEiRtaedon Il Biekfule 1R Bl kPagme
f 1 ui casapeportientétie enecgympiels sould otBdhwidel tehreterl may be
r esu'r&c&f {ead M?e%we w% ! 'the?&%?lkcen%ggm%tthheeovv?ﬁpégm?rlw%lam

rai sing | nperature a Signi
portion of the work input into the conpressor

;ﬁp:fﬁ:g: |SFn gﬁ?ﬁ%%o%a{dlgéraﬁmgﬁéﬁég&té&% of a heat pump circuit

1111 7%0f lllelnl101]attll-lb11f1gl1pnesisurblrefrlg&r}amtlllcjwd entersla thrdtliing device,

* GOOOOQt%n referred to as a Tx vaive, which reduces its pressure and temperature at
.constant enthalpy. The heat absorbing vapour is passed through a heat
exchanger or “evaporator “ which absorbs heat frorh ambient temperature air
blown across its surfaces by a fan, cooling the air and theréby providing the
refrigeration effect and causing it to expand. The acquisition of heat causes

the liquid to flash to vapour and expand.

~ The heat laden working fiuid vapour is then passed into an
accumulator which has an internal structure designed to allow any remaining

liquid to boil off prior to entering the compressor.

~ The energy rich warm working fluid vapour enters a compressor,
which as a result of a work input, compressés the vapour thus raising its
temperature and pressure. A significant portion of the work input into the
compressor re-appears as the heat of compression thus superheatmg the

working fluid vapour. : ' —_—
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super heated working fluid vapour thus has its 0 6 MAR 2007
wo SiRBsRsre el evated above that of the anmbigifau2003/001144

tenperature of the environnent and enters a

condenser, which has a structure simlar to that of

the evaporator. A heat e'xchangze t hen occurs between

t he superheated working fluid vapour and the 5

envi ronnent which is at a | ower tenperature. The heat

exchange continues wuntil sufficient heat is renoved

from t he wohksurgriigatadaversing Auideapowr itusdw@s ds tensnesatare

from Bl@@atlé@ESbVe the d1®e éﬁﬂé‘l‘\tqemﬁ%}ﬁtu b tM@éNr{aﬂmEAtlﬁn&i enters

I|qU|d enters a reservoir, usua erred

'r acepdraser, wmcerbaﬁ ASHHCLYF srlm&arémhapoﬂ tae gv;apotatwé\ hest
s Uppoéichbh@e frRA Wk @TBBIReR the duUpBIHERE Mﬁ@ml&vé%a §nd the

and withstand the high pressure in the discharge I ne

Sof - t h@“\ef&ﬁmeekvgwh isha 'Wt‘ﬁf tenpgTaiyre sKNfrheat echaggs antinues

lt Ihq ui d?jtﬂ Remcient r%af is rérh?véﬁ*rdfﬁih‘éﬁwc%rﬂn@ 58 'tc%a%tsé B%h?]nge of
er nodyn cyc r.conditioning systems have

becorréa\é?fﬁcﬂﬁg H‘fvaE\‘RF%tﬂ]ﬁ @é’idrl city power in many of

the major cities of the world and are viewed as an

Co mai nt ai AnaPotREfne fuc BROY epRemearmiebieal iefR fp 2 2
10t he blreteiverywhiéh htéie ssifinientlyl large asluaierto eappdirtttherighigements of
hor ol figMA D EnE 2R RO GR e B8 Bl ety R
l'i mt &k ofefbeuomgreasm iThe Sonegipbras|se cefgenaht liguid then enters
Tt et R TR e e AR bt o e arems
for saving in electricity consunption. |If any savings

;scan be mdﬁzr'c@n@h&nu@%iéﬁs%v@ %ecom%? hEyeS&r%W%'n etl&%lty

there is pot ential to mak an overa uge savi ng
the EeWSURFIIY P! e réwe'z:@'?qs(,qf{ﬂ}e warisanstage Mgwed as 2 essen’nal

el ect chfpbierk 3NmahypRrdedRfldihgs HAFEIIS mamtAO¥RNel of
distribution infrastructur rades. Such upgrades

e.u
ar o bEBUIRTSVRLCBREL N oyifing; Ahthe s6me @RS Rgnditioning

peak lspgdms icontinadys R\dréaye & et livis BECOMiRDinarieBsingly
condi tionin

207 RVENTT-GHPEe P SRetBPdt e BT s M BPuFEPag st mapa s

t he | mexezddirgsupelypr ®vfbeeastappahahes fiitore. a heat punp
and/ or a heat punp which will increase the 5

utilization of available energy in such apparatus at
present. it has become important to identify potential areas for saving in

electricity consumption. If any savings can be made in air conditioning
23 systems, then there is potential to make an overall huge saving in the
consumption of electricity.

The saving of electricity can also lead to savings in power distribution |
infrastructure upgrades. Such upgrades are becoming necessary to deal with
30 increasing peak loads introduced by a rapidly growing air conditioning market.
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It is an alternative object of a preferred enbodi nent

of the invention to provide a nethod of controlling a
heat punp which will increase the efficiency of 0$SudAR 2007
apparatus at present. 10 It is an alternative object

of a preferred enbodi ment  of the invention to provide

a nmethod of controlling a turbine and generator which
will increase the efficiency of such apparatus at

pr [ further alternative object of a

pr ???%‘FJ@EEE‘H%T'QN the invention to provide a
turbi ne and/or a nethod of communicating a fluid to a
t ur bi nejt Wi s Hoivki ds 4 cutilization of _
avail abl e enerjge):/t #fraog%g%ﬁrgﬁ%{'{ gl}l%gn%qt of é?ee'glé‘?ﬂt'.oni?) Piqvideg
a 3RRAratus faraHheat Almeranalldreches perip wiich @il ih@asde the

Pr QMizE%or ¥ | itk ful choice. O her

obj ects of t"ﬁilé%é‘lﬁ gg%wﬁ%h}?%{fg%ﬁ)gﬁat%?o%@é% appar ent
fromthe follow ng description, which is given by way

of exanp| Y OF THE | NTI ON Accor di ng
to a fi rssfa rgés]{péeh&?t%gf()% 2’ n&’eerﬁ?rf%@ﬁ?mpi\%/gm“t Q the dyeaken to
a ProMee pobsthadiot contuliingi antudat pLimg vehiclo WG 88¢s tha dridiscy
t upidLBR r the conpressor, a heat

Y ag%@%taggpé %&}istream of the first turbine and
operable to reject heat fromthe cycle to another

the. hoat S pierbive oot ots BERRREBhodmenton ot muanvarto

tA herode ganethed obeahtioping ractariraf ?ﬂimﬁer&ﬁ’mf ®BRAMWill increase the
C&FRk: spect, of the. present

[ nﬁé{?ﬁ‘dg’ﬁf*?ﬁﬁ?é‘?ﬁc@&gragx‘?f)eésat- a thernmodynam c cycle

i ncluding a conpressor, a condenser - AVENDED SHEET

| PEA/ A 6 07 .. 4 downstream of the conpressor,
afir s.tLf t guar%'lwﬁg %%M%WF ggﬁ\é'&aftq ﬂr@?%'fﬁ?d%ﬁ%‘&'r,ne”b?fthe
eVAYRtian ¢ provigast tuekine efid/ohe mettict oftdohirhitecaig aFiuid to a
S Ty g ' r f the_ . orator and

et W Wi e B4 Bl G Rk o aEp R FRgToy e such fuid at
t REPFRBynami ¢ cycle further includes a heat exchanger

| ocated between said first turbine and said

evaporator, the heat exchanger operable to reject

heat tdt ig_'mtﬂé@rthaﬁ@ltﬁmymot_bjectqqet ast provide the public with a

- useful choice.

_ 'cher objeqts of the present invention may become apparent from the
~ following description, which is given by way of example only. .

- SUMMARY OF THE INVENTION

According to a first aspect of the invention, there is provided a
thermodynamic cycle including a compressor, a first turbine downstream of
the compressor, a heat exchanger located downstream of the first turbine and

. -operablg to reject heat from the cycle to another thermodynamic cycle, an
evaporator downstream of the heat exchanger and a second turbine

downstream of the evaporator and upstream of the compressor.

According to a second aspect of the. present invention, there is

- provided a thermodynamic cycle including a compressor, a condenser

AMENDED SHEET
IPEAAU



10

20

25

30

35

Preferably, at |east one of the first turbine and

second turbine includes: 10 a rotor chanber: a rotor
rotatabl e about a central axis within said. rotof@6 MAR 2007
chanber; at |east one nozzle including a nozzle exit

for applying a fluid a fluid $upply in the

~thernmodynam c cycle to said rotor to thereby drive

sai-d rotor and generate power; 15 at |east one

exhaust aperture to, in use, exhaust said fluid from
said@wnsireamef thevgespsessor, ecfirs! tovbing dewnsireahuofthé comlenser,
sai Lty jodically.,.

o Ry oG B ettt Sl £ e bine .

t h&lowpgiream of thg avaponptas snd upstiéamaif thef cammiessesi de sai d
at | east one nozzle. 20 Preferably, the at |east one

of the first turbine and second turbine includes at

| east orf&eferakily tha hermedymanmic cyie fustber maiuded b hiedt exchanger
su P 9aiqg fi - . [ f.er abl t he
I Rt Bteesh taig 17 1 BRE o BRI O P L Rl el
25 opeablelogrient hest ta arotherthermsstynamRratler abl y, the at

| east one flow interrupter neans substantially stops

the flow of said fluid fromsaid at | east one nozzle

exi t untAreferably, gt lestone dfitise fest tigbine aat sbemstt tudhire includes:
no r 0 a preselected m ni num pressure, which
iségr%&)lrggiﬁtﬁﬁgn or equal to the pressure of the fluid
su@gpier retpi@bter atioiuy a centrai sais withen S4idwotof cresamtserf | ui d

fr ' ' ' rrupted said
at 316384 Shefon B0 AAE A MBZAe Rl Tor e i 4 BT 4 sl
t o thebiherrgodymiathid ¢yeiedtoi satbdttte thyerelpsdnivessmidfoteraind generate
| eag ne outer nozzle 35 substantially to rest.

AMEN SHEET IPEA/AU O 6 MAR 2007 5 Preferably, the

r oBbleabi@neexhlaustapettyredd, inhmenexmushsaie tyid frosi $dio netine;

an i; ' 3 j - [ t..about . _
oo e HRA DB Rl R ol A Y BRER B R osicaty
on@tW(ﬁl_zFZfE@ by at least weiflowdhtenmiptes meangr tabebgrbiping ttie

r Og%sgbﬁe &%Eioaﬂv.(fi}ﬁ ltﬁéi%'stabﬁ agfleéét AERoAaPed, positioned

an I mensioned to provide a turning noment about

said central axis when refrigerant fromsaid at |east

one noz yr@fferagw, Hd & o2k AnD lo?%%sflrsﬁap]ﬁnﬁeg%% %ﬁcof@g@s}%e |

| east one Interrupter neans
includes at least one fluid storage means between said fluid supply and said

- at least one nozzle.

Preferably, the fluid storage means has a capacity at least equal to a
displacement of the compressor.

Preferably, the at least one flow interrupter means substantially stops
the flow of said fluid from said at least one nozzle exit until the pressure inside
said at least one nozzle rises to a préselectéd minimum pressure, which is
less than or equal to the pressure of the fluid supply.

Preferably, in use, the flow of said fILJid from said at least one nozzle is
interrupted by said at least one interrupter means for a period sufficient to
bring said fluid immediately upstream of said at least one outer nozzie
substantially to rest.

AMENDED SHEET
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10 one vane connectable to and noveable with an outer

peri phery of said rotor and adapted to interrupt the

flow of said fluid out of said at | east one outer g8 MAR 2007

nozzl e exit when said at | east one vane is

substantially adjacent said at | east one nozzle exit.

15 Preferably, the flow interrupter neans includes a

plurality of said vanes substantially evenly spaced

apart . around sai d outer periphery of said rotor.

Pr ef er abTiEferghly, the retengas @ phirality of ehannels sbages posigened and

sai dimehsibfed & §8libe ad0riry AbmBht &bodPEhib cgﬁtré L%‘)(%r\ﬁrﬁ’éH c

velocity. Preferably, the at |east one exhaus

aperirgeEant fermuzaid aepst psernoaalg enterp apidshareals.i ons t o

decrease the velocity of said fluid and nmai ntain the

pressure_of the fluid flow once it has decelerated to

a subsonf@ferablycthe yotor sehapacplerality of blages shapad, pasitiofed and

t hedifneh§ibnéd'th 868 thitidy MEHehUHIUHESd RBentrQt-3s when

i ncluding two or. nore spaced apart rotor w hdl ngs and

a SeHigsrant fremushichgt leastsingrnerzle woatactstseicobladésdi ngs

about said rotor, wherein at least two of said stator

w ndi ngs_are connected to a controllable current

source, R#terably. themt lagst ens foveintaraiptersnransancpaesadt| least

10 SHEVAHeSBNhE&aBiE S 9hd moﬂﬁéﬂg%\/iﬂ'\ n%l%%ébéribheﬂgs%f said rotor
la carren

connected. Preferably, each contro
solANeaqapteghierialIrupt tbe Sawrafisaid fluidit ofsaid et leashatiengster

to kb ENedtwieh SRNBAELEGraILEL i | r '
35 pr edetérwm'_nesgd ve o%:squ’ 3?@ Viﬁ/%ﬁ%%s%&fé%& %?Q&B%gﬁgﬁ
6 MIR TF8E 4. Preferably, the predeternined vel ocity
is the termnal velocity for the current operating

conditions of the turbine. Preferably, each current
sour ce i Referablysthe flowdnterustes mehes naiudesia Murblity ofi gaid

t hejgnek %ﬁ?ﬁﬁﬁﬂiéﬂ? 96} epactidniid %oﬁirz?ﬁégdri‘g?gt{eg ?Qr\}m@nﬁa of said

nmeasure of the power” output from ngs.
Acd8Hdi ng to another aspect of the present invention,
there is provided a nethod of control for the

t her nodynani ¢ cycle described in the imediately to
pr ecedi ngrefesably plie &4 leaghend mazziedn nge sepriies edidyfuid to said
Meagwriaie sohR d?QUBErsOME R¥ibcity.

Preferably, the at least one exhaust aperture includes diffuser and
expander sections to decrease the velocity of said fluid and maintain the

pressure of the fiuid flow once it has decelerated to a subsonic velocity;

Preferably, at least one of the first and second turbines includes a
rotor including two or more spaced apart rotor windings and a stator including
a plurality of stator windings about said rotor, wherein at least two of said
stator windings are connected to a controllable current source, each
controllable current source operable to energise the stator windings to which it
is connected. '

Preferably, each controllable current source is operable to energise
the stator windings to which it is connected after the rotor has reached a

predetermined vél_ocity.

AMENCED SHEET
IPEAIAJ
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-the first secon

fromthe stator w ndings and increasing the current
through the windings if the current neasure of power

output is greater than a previous neasure of power 06 MAR 2007

out put and decreasing the current through the w ndi ngs
if the current nmeasure of power output is less than a
previ ous neasure of power output. 15 According to

anot her aspect of the present invention, there is
provided a method of generating power froma :
t her modyiiaRRIY clijie Ireedetermiridiplecity dothertessioal, vetodty fatthe
t ugpidne : SN ' @iy essor, a heat exchanger
| ocat edogﬂm(?earlnog °m§t§| #_st' turbi ne and operabl e
to reject heat fromthe 20 cycle to another

t her nod b5y C ! f the
eat | cneranat dnpurel SARPH BeBted S AATA v
eViApRYORLRAIr reaBedive statemvindings Hepensiept es s ongasuheofthe power
t heutbltliom #eeatdr Witdqges i nclude a rotor and at

| east one nozzle to agply fluid to the rotor to
thereby drive said rotor and generate power; 25 the

net hod 4 ' i di . . .
interr uﬁbgw %as&{t@é/r é%g%&ooglﬁhéé aﬁ?%qtm@rn E'h’g}%?rﬁés Pioyiged
ofa B%ihedraf Gpatrel der the thesingdynantie gytle descrived i the immediately

t I §i : idfluid inside
oo (o8l parsdenS 1R At feBe Asa Bhractitl g Bilputeut
prfEas thesstaier windings|ansisnereasingitile duorestihdouddhithe winipdsyif the
I r ' e f said f]uid
oLy et REBSTY oF PO ip i YHa? tatta lEUBR edufe of v
arfttpidang slgeeesiog theeurpané dwaugh theevindiogs if theeciardrs measure
Prey t] 0 froma,
T PoRElouPuEicRingt o BROGE M RO Tone 3L,
condenser downstream of the conpressor, a first

t ur bi t or

omner T erdif arioRF aBhed: B RAHER Hiven . HARN BhPluea

- (P DetogmRasneratingpemer feoms 8 dherchodynadriceydevimsodiegm of

t i essor, wherein
RRniresan A st Ak BLAGRENDIS the EombITELC S Tt HFafudt

orlecateghdowrstiegmupfishe first turbine and lopenabtedto reject themt érloyn the

drdy¥ ' Lt hod
TP 15 BhetnePtRimedMaR i S RANFRtor AP TeAIR e the nea

- meRXRBaNgsr 3ng arsesend iirbipe denvestreapt ofithe efhporatol asdiugstream

F otttk Qi | incth e
rai sing t%rggspor??ggeﬁrrag‘ th?ﬁsﬁ,sg|S(%&?'Idgleéﬂe%§T%Eéé1633?%¥%?nd at
| d8ast OpA BoFHS 19 apnlvflgid to the rotor to thereby drive said rotor and

generate power;

the method including providing at least one flow interrupter means to
periodically interrupt the flow of said fluid out of said at least one nozzle,
thereby raising the pressure of said fluid inside said ét least one nozzle to a
preselected minimum pressure which is less or equal to said fluid supply

means pressure before resuming the flow of said fluid out of said at least one
nozzle.

According to another aspect of the present invention, there is provided
a method of generating power from a thermodynamic cycle including a
compressor, a condenser downstream of the compressor, a first turbine

downstream of the condénser, an evaporator downstream of the first turbine

AMENDED SHEET
IPEAAY



presel ected m ni mum pressure which is less or equal to
said fluid supply neans pressure before resum ng td]g MAR 2007
flow of said fluid out of said at | east one nozzle
10 Preferably, the preselected mninumpressure is
sufficient to cause the fluig to reach. the | ocal
sonic velocity at a throat of the nozzle. Preferably,
the nethod includes accelerating fluid exiting sai d at
| east 15 one nozzle to supersonic veIOC|t|es
con for r nam c c SCri

%r{]ooé sec’é/o%td%g?bﬁnge % W gérlreg%hés.f‘?ﬁj% ﬁ\éapo(gﬁtp Cle ggfgl:(egm oq(?he
| nc¢mmragsor8\¢1eseln¢hemhsedood tybimes mhdllgjeaa retarsant et Eastone

For i e s AAEl REXRE atne ey S o PO o B o

conpewerg dte mathmdtnhclscangi pswitinggt Imrmaﬂrowﬂ&teﬁmmer means to

in o)

cycPghh SRR HE B ofBGHIR G lad bt 1Ag one nbee. ©

comtnemmalsmaﬁhwbmseune df saidcfiuid meidemfmst ieast en@haizlleato a
f.e a.neasure of eff fro sal

o SaRe B B ORRE pieSpreduhlsaelen o B e By

neaseaes plesadrbibefara cysuming thenlowidbidaid Said daufmf@wa l&dst one

effhgl ency at a predetermned |l evel. 30 Preferably,

t he cmet rol system further includes second contr ol

nmeans for the second turbine and sensing neans for

rovidin S erature , :
Cont rof | I IABY; HerneResiectes B SELGH eStite ot Topiegs o cause
r ecthieflal toasach therddat soniapeibcipeatth thess of theafoziibe
tenperature of a controlled area, and is operable to
open or close the fluid flow path through said second
t ur bi ne PreféWENDBHE rﬁéiEEa’ if¢iucieblaiBc&@fiting AuiexRing $8idla® least
~senged variations in ?rrcp(er ature in the controll ed
ared i norel atjoen 1 g e Pﬁet neasure. Preferably, the
second control. neans further receives as an input ah5
measur e nd| he, anmount of refr i.n the
cycl e V\,hjlt\c n ?Yége&l f°§§*?f thgfrp%qyngm%e%%g% g E’Hg%e
i n pieeedipg Iparagnabttso thepmmtror systens nctudéngt | ui d f 1 ow pat h
tr 2][ rgi&g%' Sr%Fgrgﬁ I%P%hcférlxjgr Q 'mne%sLPe 0 a'nncgu?puq o¥ﬁ1%%ermodynamlc

cycle;

control means for the compressor, wherein the control means is in
communication with said sensing means to receive as inputs said measure of
an output of the thermodynamic cycle and a measure of the work input of the
compressor, |

wherein the control means is operable to compute a measure of efficiency
from said inputs and vary the speed of the compressor to maximise said
measure of efficiency or to maintain said measure of efficiency at a
predetermined level.

Preferably, the control system further includes second control means
for the second turbine and sensing means for providing a measure of the
temperature of a controlled area, wherein the second control means receives
as a further input said measure of the temperature of a controlled area, and is
operable to open or close the fluid flow path through said-second turbine in

AMENDED SHEET
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evaporation phase. 10 Preferably, the operation of the

second control neans to maintain vaporised _
refrigerant after the evaporation phase is perfor k@i MAR 2007
after a predeterm ned delay fromthe control neans
opening or closing the fluid §1 ow pat h t hrough said

second turbine in response to said sensed vari ations

of tenperature. 15 Preferably, the control system
includes third control neans for a condenser in the

t hEPSRSAGS tnsansey vargtions in tleomreratlresip dhee oonirtgd agpatihgelation
op condenser to nmaintain a required
estgeatté@gtcrg% g|Jr]n§ of refrigerant by the condenser. 20
Preferably, the control neans, second control neans -
and thi rdefapibly, He s%@ﬁ@%ohtﬁol%édn@gbr%éprééew“eg@sréﬂ I’WSLrlt a

or mcroprocessor or a plurality of mcrocontr ers.

or MRASHBHPdcaivesy thapreunitof refdgérantindiee exgle which is vaporised
M GHEE SN EV&Hokfioh p‘%se M tRE 99&!9%‘%8%965&# Br &&E 'ﬁ'\@'flﬁﬁitf\o‘&f‘path

wth each other to all ow managenent

‘of th"RESH 57 BpeAns tyfbinerfe r@ajmarrovap@;ﬁge@mfng@r@rmﬁﬁeothe

sy el8Parkfdn piet her modynam ¢ cycl e described in the
pr eced| ng paragraphs, the control systemincl uding:
sensing neans for providing a neasure of an output of

t he t hermrrefeyabiyTiie opibationcdfehe SE4UNUAontrBIdNSarisab ridiftain
co ressor, wherein the control neans is in

Pliseqreiiaetant aftes figie\ancsatian Rhasn & resforpedialie” as

i nmné@et@mwbdwmn e cattroPHHeRHE opénihd6r él&ﬁﬁ@ﬂ@’fﬂﬁdm@w
cycl ﬁb@" nmeasur e of the work input of

corPa h sl SacenclbinR i ESRPRSS tor%@@sin%enﬁgd ypréations of
tot@aﬁmme_a nmeasure of efficiency AMENDED SHEET |eE
] 06 MAR 2007 9 fromsaid inputs and vary the speed
of the conpressor to maxim se said neasure of

ef fi ci errgfecably, ma’rmnhbas'systemiird:lumsmircfcaﬂtroerfnéhné fonay

at t Ve rein _the contro
oy SPoaPfEPBBe M Beowbine it PR ERH shdemSaRiag e

t hrcxpagi’nlon Imétretczmhdens&r tedinaipsain b requikkdtievdd bheooling of
refrigerant by the condenser.

Preferably, the control means, second control means and-third control
means is a single microcontroller or microprocessor or a plurality of
microcontrollers or microprocessors with at least selected microcontrollers or
microprocessors in communication with-each other to allow management of

the timing of the functions of the control system. -

A control system for the thermodynamic cycle described in the
preceding paragraphs, the control system including:
sensing means for providing a measure of an output of the thermodynamic
cycle;
control means for the compréssor, wherein the control méans is in
communication with said sensing means to receive as inputs said measure of
an output of the thermodynamic cycle and a measure of the work input of the
Compressor;

- wherein the control means is operable to compute a measure of efficiency

AMENDED SHEET
IPEAA
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5 Preferably, the control systemis operable control
the direct current through the stator windings to

dynam cal |y maintain the balance of said turbine whemar 2007

| oaded. 10 Further aspects of, the present invention,
whi ch shoul d be considered in all its novel aspects,
wi || beconme apparent fromthe follow ng description,
given by way of exanple only and with reference to

th anyi ng drawi ngs. BRI EF DESCRI PTION OF
D&ﬂ%@%?@é?@%f?mséead Bt thercompressive tmiayimiss eaid
Cy eisurelst efficlitcg oPto mBPYEN Sailiimedsutd 6 didymad cycl e

accor di n%,to an ~aspect of the present 1nvention.

Fi QUFIetesmingddeus! and shsrrin theeranalsraiane icorarablade serdiohthe
t 0 dpBct AffeAIARKGh e $BRr WIRFRIY ofisAMENHIM. Figure 4:
Shows a cross-sectional viewof a first turbine
according to an aspect of the present invention. 25

Fi gure PrefSlubys tte @nasbsyseth iﬁrféfra?d%] QVh©d! the tara@&rédrrent
turbin ccording to an aspect of the presen ,

| ndURYSTfiE Statotifangs tesenical e mii e palancs of seid
chambiek wifentideiedur bi ne of Figure 5. 30 Figure 7:

Shows a third thernodynamc cycle illustrating a
.control systemaccording to an aspect of the present

i nvent i Gortherfaspacteof the préfent IienttrgwHitlovhalhbé somfidered in

' , d ] ycl -~ ,
ncenarae! BBPLES un) Bl bl TRt e lefits Rscrmgnyiven

© 11y Stayws ezardplagnimarof with géerened forthaacostpagyirgodrawings.

aspect of the present invention. 40 Figure 13: Shows

a f (ﬁﬁ i bi ' i on subroutine for the
condt@%/r sysc%%g]ﬁ-lc?iméjlﬂlghfﬂ' ows a flow chart of a

schedul iFRrs tor outghaRsf0bricr B théPhdePhhmpl cysist em
AVENDED SHEET il o o

Figure 2. . Shows a first thermodynamic cycle according to an
aspect of the present invention. '

Figure 3: Shows a second thermodynamic cycle according to an
aspect of the present invention. :

Figure 4: Shows a cross-sectional view of a first turbine
according to an aspect of the present invention.

Figure 5: Shows a cross-sectional view of a second turbine
according to an aspect of the present invention.

Figure 6: Shows an enlarged view of a channel of the turbine of
Figure 5.
Figure 7: Shows a third thermodynamic cycle illustrating a.control

system according to an aspect of the present invention.

Figures 8 — 10, 12:  Show flow charts of a method of controlling a
thermodynamic cycle according to aspects .of the
present invention.

Figure 11: Shows a diagram of a generator according to an aspect
of the present invention.

Figure 13: Shows a flow chart of an initialisation subroutine for the
control system.

Figure 14: Shows a flow chart of a scheduling subroutine for the
control system.

AMENDED SHEET
IPEAAY
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woNRHIRMENTS OF THE | NVENTI ON The present i ny@f};\t]%yb(ﬁl“

described herein with reference to its 5 application
to a refrigeration cycle. Those skilled in the art

“ W Il recognise that the heat b?Jrrpi ng circuit

5

descri bed may have a variety of uses, for exanple air
conditioning, refrigeration or heating. Those skilled
inart will also recognise that the term

' r e PRIGR PERERIFYONL PREFERRED BHMBARMENT & QFgTHE ui d
sui t aphENTDONUSE in such a circuit or cycle. 10 A .
sinple refrigeration circuit of the prior art shown in
Figure 1 may include, in order, a conpressor, a
condenser , The presesitirventien is ldesdribbd hereinalitherefefdficevalty e) |

an evaearcaﬁ&ﬁo%r}efr@araﬁ@?weaat ke skl ﬁzbnagﬁk@ SR mﬁg that
in Fi g@rf@alpwﬁmlag ar@itrdgs@bsdmayé\avqa vaniaty efeep) fer e@mple air

conpr %@ﬁd?t‘o‘hlrﬁabéf@e?ﬁoh 3¢ héﬁf?\gaﬁhﬁécém% ﬂ‘té}[ Wlll%%o b &nise
function of €ach ement 1s dsua resen

ci r cuhtat theram ?fﬁge"ﬁﬂtr 5 yfed 1o §eﬁ9§é%|amt@44@'klng tﬂbld@@E@tﬂfﬁ fre use
a devitguchal GrBuiteiveet s energy froma fluid stream
|nto ki netic and/or el ectrical energy. Those skilled

1920 in the art will appreciate that where the energy is
required i p sﬁh@@t'é’fhg‘eﬁétldcnclfrﬁmli ofahd prid? iaRQnERY in Mgl demay
suitabl e el ectJ ower generator or alternator.

Ref er FIOMHFenB:0f0e & BANRTRSSOH 3CoNEERSSh ATBCaifhaA Hiettingyalve (TX

~ the pweaisentn evzfmendsn and dnecudigiaton Sbrﬁébmb@cﬁlmeﬁﬁro?me prior

15

Ci r cui rder, a fi

clon'pr g&tg%ay “f”%?‘”@gwa é’ﬁb@re%é“e'ﬁs 7 i Ejgure I 5‘*°T9(S'\'7‘S'F\P@V‘°e
an ev&paExample sbmardmaressonsmhayeaistlinclideart ab’dgmﬂl%t&lbut the
conve ; r i pt.o, ki netic

Cnd) o RHENG dn pleniEht sl diviordhf ind Ol he
tenperature and pressure of the first refrigerant. If

‘required teng %?M"‘ﬁrﬁnﬁb"%ﬁé&dﬁ%%ﬁt%ﬁé &/a eRXlr%a’?HrgnQ/erts
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refrigerant for the I ne, an expan not
may bE&NBgYdotel1vshstsraen mtp l@met@@nﬁlowe@tﬁ@ai 6peBY e Ahoserrkilled

downstg @v@@rﬁkﬁ&ﬁpr@&at& h‘ﬁ‘atwhéké tH@ egérgy lsr}eﬁﬁ’rréﬁ in electrical form
enbodi nents t he hi ne esig to avoi d

cool i {ff TFRING Ry i“@'é'F'%\ﬁtsul‘%"? ﬂ@CtB%P?Wer\ﬂﬁE?rét%l PoPterRAtor.

liquid refrigerant formwthin the turbine 21, as

this may d e the ki ng surfaces vvlthlnthe
turbi ne 21?-&”?99" “\mr'r'gureg

ng nex a heat pump apparatus of the present
invention includes a first refrigerant circuit 10, which includes in order, a first
compressor 1 a condenser 8, a receiver 2, a TX valve, an evaporator 5 and a
turbine 21. The turbine 21 converts energy from the refrigerant into kinetic
and/or electrical energy, thereby lowering the temperature and pressure of the
first refrigerant. If required to result in a suitable density and pressure
refrigerant for the turbine, an expander (not shown) may be provided on one

or both of the upstream and downstream sides of the turbine 21.

In some embodiments the turbine 21 may be designed to avoid
cooling the refrigerant to the point where drops of liquid refrigerant form within
the turbine 21, as this may damage the working surfaces within the turbine 21.
In altemative-embodiments the turbine 21 may be adabted. for example
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appropriately robust materials to construct the rotor -
bl ades, to allow condensatibn of the refrigerant
vvithout damage to the turbine 21. Those skilled in the
art will appreciate which qualities of the refrigerant
_passing through the first evaporator 5 will affect
t hEreHghthe peswol ermsoRratelf roksist meteaphsrtatconstﬁzct fFeerotor blades,
re r r rator P
tfo 4196 c%HB?rlns%"ﬁXh BetnENE rléya% be"? g?lgaggf%mﬁH}u}eOZ}. he

hrough a I st accurru

-.fII‘St conpressor 1. Those skilled in the art will

appr eci ﬁﬁé%etéﬂﬁitedﬁrh%era%\ﬁﬂl ?Eré%ia?enﬁpg ]%gl I at ?g?errgmglerant

provi des the er ant SEervo
Th@asawahﬁ@uain dre st %Va@hcam § willaifettithe heat f[b@l ihRhe giegit

t f the .coppresso
Ref P oIk o et Ry el y<pB o Basirs throtian
acfefatrancnrgautamrtawiaefmprrenmmng tonherirst @Bmp&‘es%BlO’VWTh@Mé $dilled in

' d d
- op ERL BptrebBle ! s 0S5\ 2 S Eenmilatas ey Renine ne

ser@&m@ram resefvaingdorethe clrrgmﬂ eTQfEcomyiatdir® |§§ﬁo@g in outline to
ev at or npressor, - condenser,
rer% %&g@tqéﬁgg%@ @’%f#ﬁwﬁ@tp%?f&m oraprestRydel in t he
same order and perform ng the substantially sane
functi frigerati on circujt of the prior art.
The second PorPT St 2 halF mails Esteim Agropdinato e
| epresert hamntl;ﬂﬂs shown, \hief vchiaky adiFs lﬂ%fﬂg&@nt eﬁrcgg i3bakihe
r R134A or Rl

a%é;wagﬁ‘jgf?(?ﬂz' g'gtcir ?@% {?‘na Prﬁéerif%temvﬁqdfm%fﬁﬂ?%éﬁf%é t hat
otrh@lgeraaf cyaﬁ#@mmymm?&r} &ahbatdroaysbaédurigatBpi Nt s )

ond refrigerant circuit 400 may be
contro g(égnggr%cegergf'%}’er Ads Yﬁ"é?s{”%%‘fwrﬁe%frwegvm the
Wi aamerqﬁerrmu:b;merfommﬁggbe gubstantfally §§%‘|¢Iié I’Lg%ilorb@ls B re#l eratlon

olle

| b =
e LB AL brift S8 e -0 2BH Rak Fove i boling B9t of less

ftharh &0° Cefnqrg eraietabiyrareuric @ C. tAsuiLORAGSRY réﬁ‘-lgéraﬁt may be

S 90 SR B BR300 ke

r eﬁmérgefrlamantsrwm suigblylew b3lng peinRImMawbe 0éed he
refrigerant circuit 400 may be at |east 10C | ower than
the tenperature of the refrigerant entering the
condensT@re s@0dnd tafrigevan wmtnodﬂ)mmay Be @BARtrélled B £control

er at osi .t Loned_bet ween a
ﬁ'ptrg[e?]gs?‘or Sgr\éecggﬂa‘gﬁfg %j‘ncgéo 19" el requirsddotht o
35efggeranmumue$ mayruecnohyoneﬂwé@ﬁ@le%ﬁir@ueeenef ators may
be particularly useful if
in a preferred embodiment the temperature of the refrigerant entering

the condenser of the refrigerant circuit 400 may be abbve 30°C, and

preferably around 60°C. The temperature of the refrigerant entering the

evaporator of the refrigerant circuit 400 may be at least 10°C lower than the

temperature of the refrigerant entering the condenser 304.

In some embodiments one or more thermoelectric generators
positioned between a compressor and condenser may be provided in order to

generate electricity_. Thermoelectric generators may be particularly useful if
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refrigerant used is R123, as the condensing 0 AR 2007
w0 sopenedur e may be as high as 180C and t he PCT/AU2003/001144
evaporation tenperature between 35C and 10C, thereby
providing a large tenperature glfferentlal 5 The
~cycle 300 includes in clockw sé€ order a conpressor
301, condenser 307, first expander 302a, first
turbi ne 302, second expander 302b, a heat exchanger
304, an evaporator 305 and a second turbine 306. The
expan@é Feingarantyiged s 1ifeds B %Bg?f‘smgéemﬁffﬁf“’%\ﬁ@y 8 ephigh

si desagfg0°d @nti b dvapbianen f?e%emure%mntdsec @R83 01y tHefeby
t he worki.n fIw?enterln téaiurblne 302, and to
WSP

assi sPOYHNEAR|HPRFSITRRIAU™S sure at the output of
the turbine 302 after the worKki ng fl ui d returns to a
subsoni c velocity...l.n.a preferred
S expander iy ShePR TG ITERHTE afS R v BSEtect A0t ne
pr essconaender 08 frfétleudamdec 8024, fitthturinles 802 sated dxparater 302b,
subsopi Ve|OCI expander sure
¢ hEnean e Rosih aftoadts: B AN Rhe e e
the turbine perfor mance Expander s (not shown) may
al so be i I, f :
out put of nﬁ] 8@%2@%@%&% ind 609 ﬁe'pdw lrédr gﬂ%tﬂdes of
10§ ncl uthe tarbe 32 td tesigee the clenatyrcéffha \g@rmlthUid§ntering the turbine
Ci r cubgd i-RG tRhssRY REH SRR é@%@pﬁe&%e ftnd B&: &wfmerlgrfine

306. The expanders-on the 1 nputs of e tur
306 ape2 afer é?ﬁs‘a?fiimﬂéll-"dl retheErs tP ﬁéuéécﬁgq Y%}Ot‘dﬁ’ ime: PRRESITRE ng

flui deﬂbbcﬁﬁweﬁﬂh@ ek&awdegmwsnim M thafe i A8 itd Rk Methe
nozzle. The |ower density will allow a |arger throat

si ze Beseye o5 BRIfkIdRICA it haﬁ de?%%ratﬁerfk P ﬁgbﬁqnm \glogiy Without

1<henceaﬂak;mnaénha pfésewecalthermmummmufdl&N\érw%beisésanoas
25 to. avoid ﬁﬂ%% ction in air conditioning

ef fi ciBRRYye THE"Hass flow rate should be the
same as woul d be experienced wi thout the introduction

of each 't yLbine ] b the PICLABINIATIEIBHGLE o KISt e
vol umetric expan8|on NOZZ erefo
| ower @mhmdmmmttof/tfmsecm tudaine 3ﬂ§ flheiedpantdravvill owkide a
20I ar gerdnffugémﬁ ?anﬁérﬁ ?chcj@lL #I Q!%OHIE%EeéMstJ?JQUftthe turbine
i npai ring 30°'su SUparsoni ¢ trans
of t héoﬁ/oﬂ@ wgaanﬁ@rﬁ@nathe mn@tspﬁﬂ@éwbmﬁs PP JPhsse nqqeawry to
rate. jdybr iiddndyf mﬁe %Fkﬁ{g”fﬁ‘ﬁd Mrfor Y értéring tﬁé‘ fhr@aft o?%& bine

the refrigerant cycle 400~ and condenser
omi t t #92zlgghe lower density wnll allow a larger throat size at the somc point of

the working fluid and hence maintain a critical minimum mass flow rate so as

to
W

to avoid any reduction in air conditioning efficiency. Ideally the mass flow rate
should be the same as would be experienced without the introduction of each
turbine into the thermodynamic cycle. The volumetric expansion before the
nozzle therefore lowers the density of the working ﬂuid and allows a larger
diameter nozzle throat to be used without impairing either the

30 subsonic/supersonic transitibn of the working fluid at the throat or its mass
flow rate.

In'two further alternative cycles, one of either the refrigerant cycle 400
and condenser 304 may be omitted.
35 '
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heat punp apparatus described in relation to
1, 2, 3. The turbine 21 may also be wused in a
refrigerant circuit of the prifor art, such as the
circuit shown in Figure 1 or in other refrigerant
circuit, preferably either immedi ately upstreamor 5
downstream of the conpressor, with expanders provided
about t H’egmrar%hmvs%lturblrﬁe meeﬁa&ﬂé Yor ubB&vithth® hast ptinp
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generatin oW ng a TX valve to

frd ﬁf?%ac%@?ecqv@a%?qefaﬁ%@éé@ﬂ?ﬂanbﬂpvwng thveugr it tawsaric or
appupeisahie speeds. ot her applications for the turbine 21
are possible and that the working fluid nmay in these
enbodi mrents be sone other suitable gaseous fluid. The

- f | ow f mhmtemﬁ-lé Zw’é%sé‘r%éé |b€lo%2vviti$re‘?&’ehé’éj{o°|&” usé as part of a

Igures

%lg 20 interruption neans.
'FﬁLér Fldﬁmsdﬁoﬁ%ﬁw%ﬁ%a@ym i er;qh ti@l warking fluid
Thmﬂ@fr‘@ﬁrérlteff hé furbing m%@ﬂﬂ%rrﬁﬁﬁéfdﬁﬁo@@f 2k ﬁﬁvg in
al ternative nmeans. I nterrupting eflo

i dent.i

fr 8pr9' ERJ@%}erﬂB‘SzFI%eQ?"ON"SlarEX vale &9 be pmlttﬂd fmmtm

rTH)tlrd:tIitC | THéRe @Ri‘ﬁe@ Tn tP@ BR Wik ted atIeQHQttcﬁﬁer %}%hﬂt@ﬁé 11N
eri gf t he turbine rotor

o Bl 1 1S DaBRE A it heo ot vickmey feiape embeiments

f | deisbmefdtinen saifaflbigagediRAiglde 22 when the vane 7 is

proxi mate the outer nozzle outlet 12. Those skilled in

the relevant arts will appreciate that the gap
bet ween ThB@lo@fidm ehcH Mer%tzﬂé 209 ﬁodugﬁlg%gg?&gtﬁd %Z%ﬁs
u

% xagger at ed | n Figure
wi IMTETFPIRE Mgaas| TWRAS ﬁrr%'wterfftaqﬂpu eans ase gmlame@helbyz
| nh'hb$é sKille@Min ffH@lfé]ethﬁt afi‘%zrﬁ%ﬁbe?gbl%@ Tbgn ﬂ%lﬁé%ﬁ% fedh€for
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RITUpting e floye 9‘8@“&?\"‘%1"@6%‘?831 cally oper at ed vaI ve
pr oxi mate the outer nozzle outlet 12. The second
i nterruRtfj on . . :

- ATirst interruption means may include one or more vanes 7 located
proximate the outer periphery of the turbine rotor 23 and adapted to
substantially prevent refrigerant from flowing from an outer nozzle 22 when
the vane 7 is proximate the outer nozzie outlet 12. Those skilled in the
relevant arts will appreciate that the gap between the exit of the outer nozzle
22 and the vanes 7 is exaggerated in Figure 4 and that the actual gap will be
small enough to interrupt or significantly inhibit flow from the nozzle 22 when
the vanes 7 are adjacent the nozzle exit 12,

A second interruption means 11 may include an electronically

operated valve proximate the outer nozzle outlet 12. The second interruption
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el ectronically operated common rail diesel injector. A
refrigerant storage vessel 13 Ry be | ocated proxi mate
the outer 5 nozzle entrance 1lf1 If the conpressor
supplying refrigerant to the outer nozzle 22 is a
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suppl | |rst conpr essor I's pressure may be
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means,g uWkich i s capabl e of closing the outer nozzle
outlet 12 at high speed. 0 6 MAR 2007 WD 2004/ 022920
PCT/ AU2003/ 001144

The period of time that each vane 7 stops the flow from the outer
25 nozzie 22 depends on the circumference of the turbine rotor 23, the rotational
speed of the rotor 23 and the length of the vane 7 in the circumferential
direction. In some embodiments this period of time may be-sufficiently long
that a second interrupter means 11 is not required.

30 In other embodiments the second interruption means 11 may be
capabile of closing sufficiently rapidly that the vanes 7 are not necessary, but
in many cases the vanes 7 may provide a relatively simple interruption
means, which is capable of closing the outer nozzle outlet 12 at high speed.
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‘time. when the mass flowis flow ng, which may be

achi evqsanebﬁ(?{f%ﬁm er%glle%gg W{1d a%hedvgr?ttabg ofl stoppmg the mass

durin ger ant
flow t rough the outer nozzle 22 is that, if the period of the flow interruption is

sufficiently short and the increase in pressure of the refrigerant occurs
substantially adiabatically, there will be no change in the enthalpy of the..
stationary refrigerant in the outer nozzle 22. Also, if the increase in'internal
energy during the time when the refrigerant is stationary and the refrigerant is”
compressed compensates for the expansion of the refrigerant and its
depletion of work during the time when the mass flow is flowihg, which may be
achieved by properly selecting the ratio of time during which the refrigerant

- flows to time in which the refrigerant is interrupted, then the enthalpy
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may become substantially continuous. The Applicant

believes that this may result L0 an I ncreased

extraction of enthal py from the® worki ng fluid over

systens of the prior art. 5 Those skilled in the art

will also appreciate that the timng of the second

interruption nmeans 11 nmay be controlled by a
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secon rotor 23 |s
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r ot or n%%%\ :Pr%\ysa?wé% \Emgéggée%%@ﬂ%ﬂg'% {&ur ap%ty ty%@%g’}ﬁe opening
subst difmes &f ihg sspenddnteguptsed. channel s 602 | eadl ng to a.
central exhaust aperture 603. The central exhaust
aperture 603 may be central of the rotor 23A and may

ext end subé/‘(fa'ﬁtthea‘lur%m etar RS igishonst haying @h impése typablagde
15aXi S QbnfidifatioR! tAE AdBiRantMR qurQﬁlﬁaﬁ%FrhﬂQ@laseHegénb%E above
each channela‘glﬁ Lﬁ/c? onti nuous]y decrease between an
ol et H0aSa RartsHay Afted tas Wikt "ddildwnatustine qesigns for
of t hexameia tiafsetused indutsméEle tirBodHrneRtas @ SHNR IR urDB!.
substantially 6:1 in order to pronote- hypersonic

operation with the mnimumrestriction to the flow of
t he wor ki ndrefdrimginovwd o Refier5 angaltwmuvé mrkﬁh@tum BA i$ Bdwn

o 2SR S IR o B b o
608, 6Botralisatausbaparties 608, eThe&MtradmxhauseamnureBO:ﬁﬁhEy bé\
fluid cfeheavof fh%%t%ﬁ%ﬂ?ﬁjd Ry %&ﬁ%ﬂ%{‘@%tgfn .ﬁﬂ«t ireBrion of tne

channel rou an I'n i recti
of t hecemf@JladlSFOf the relenAfed The erassrsadienal area of each channel 602

may continuously decrease between an inlet 804 and an outlet 805.

.23
Preferably the ratio of the area of the inlet 804 to the outlet 605 may
be substantially 6:1 in order to promote hypersonic operation with the
minimum restriction to the flow of the working fluid.
30 Referring next to Figure 6, the centreline 606 of each channel 602 may

intersect a radius 607 of the rotor 23A on at least two poinis, 608, 609
betweeri the inlet 604 and the outlet 605.

A fluid flow, represented by arrows F, may enter a channe! 602
35 through an inlet 604. As the direction of the fiuid F is changed within the
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result in a turning force on the rotor 23A
Preferably the turning force may be transmtted to
either a suitable electrical 'énergy generator or any
ot her suitable nmechanism which may be powered by a
rotating shaft. It is preferred that the fluid F 5
execute as close as possible to a 180 change in

di ceanne GORiHehdhangd iy obmantam ofgde fluid Fonndﬁresw immaxirninge

| oot 2f ¥ elrC PR i Aoty it

wi telthena slI@bbredﬁntmatenwgyi gemeretor upamf othér suable raschanism
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s p@GEﬂge 64 Olobetswpessillibt & ha(Df'ruEHanglaur}r1 ammn witbih thegharaiel
7
of 6?? t'+ g'tr%gh g)%ﬁgeﬁhsggﬁ%{?ha& egb; :g]%gﬂerélérﬁ\é% e{oiesthe energy-

r efropanterttd thgy rodorra3W. 100, according to anot h_er aspect

of the present invention. Like the cycle 300 shown in
Figure 3, the cycle 100 nay differ fromair
condi t i Gihemgtoo23A afay ibgarsat mith arwécamnm‘setcbﬁd mtérﬂfptéﬂ t

in t TX valve a ecei Ve nmon

cyc’?lg %gltsofs Q{%ﬁ%”bﬁp agpvedlagqgo%t B2 8'ﬂ'i %d( 'th @’"'(T)rﬁcﬂ’ﬂﬂ‘%that '

i s theejol mmderbt;oda'nérus tHenspatibg, 6 \0Hiethedmtht thanmsrieagiammeat
Icgiﬁ bet vve n the condenser 105 and evaporator

129 a&?%ﬁar ?rﬁléqx‘?‘de?a&strlc generator 103 may

precede the condenser 105. 25 A second tur bine 130 is

pl aced hetween the_ out put or at or and

; .
accumul ato® 1§g0w%%gﬁagpdlti%§g 5?2‘696.[%@5‘ q¥Fie pEE’%eéﬁqy ar e

- pI aeferbncad by brrbwrbd nezcdding (Bhirsttes abpect BSMEGrédEat t he

q‘ﬁ)etrﬁ’o()f the working fluid entering turbine 130 is
suf |C|ently low, so as to allow a sufficiently |arge
di amet er nozzl e to be used within turbine 130, w thout

inpairl soni c..oper.ation of 130, the SS.

f1ow ratd 35 2 g@gferé%no'f:'%’?gego G dyge 1(923@%3{ @H%rjpéa%anr -

seconﬁihmrynd1ﬁa'efrngarauoﬁy¢dl& ofehe Ipﬁﬂrcaﬁmhyatahé oW PR and

co I eat ..exc 201 i C

11 RS BB HEOES Slrerrting P8y 89 PO e TX vaive.

pr iswepiacey by @ taxﬁme 11a, whishiirethisderhbddimehte s NRatidBweddthe

pr %8§clijenser 5050 and é\\//%pora?or 122. An optional thermoelectric generator. 103
may precede the condenser 105.

A second turbine 130 is placed between the output of evaporator 122
and the accumulator 128. Expander 130a and 130b if present are placed .
about turbine 130. This is to ensure that the density of the working fluid
entering turbine 130 is sufficiently low, so as to allow a sufficiently large
diameter nozzle to be used within turbine 130, without impairing the
supersonic operation of 130, the mass flow rate of the system or its cooling
- efficiency. | |

A secondary heat pump cycle referenced by arrow 200 contains a heat
exchanger 201 which follows eXpénder 114c and aliows heat to be removed
from the primary cycle 100, to ensure that the temperature and pressure of



WO 2004/ 022920 PCT/ AU2003/ 001144 18 the working fluid
entering evaporator 122 is sufficiently lowto alb% MAR 2007
wbh6o4/@3dhé Ci ent operation of evaporator 122. Fe/ U2003/001144
secondary cycle contains all of the essentia ﬁ

punp conponents described in the prior art cycle 10 of
figure 1 wth the additional déntrols referred to in
figure 7 and described herein for 5 cycle 100. High

pressure working fluid may exit a conpressor 101

through a conpressor discharge line 102 in a

subst are Werking fivigrantaring lesizroratad122aiy seffitiently lew to aliow the

t her ¢
 condengisit e iR QR ol AR ARER, AbleoHibin o ofne
i f pr&seantial gy Pynp derrongnisclesoriitedan thel@ooart pyde 108&igure 1
whi ch t -
Ehrough & e 8 e Canartes IB I3 SRR i
5remove¥®d8® fromthe working fluid. The anpunt 15 of
heat rejected may be controlled by the speed of a
condenser fan 106 which blows air over the condenser
105. The s'ﬁ@%Pf8$S“f%él°r:',<t5‘ﬂd'éi¢sfé$V PP aomresspr 1®kethrough a

det er rompebsbyr cﬁec‘halfge&bé @03 M@b@fahﬂﬁgl@ﬁourcpﬂgéé 2d r'ﬁgy enter
by a matster ed drive 10 rou
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101 nclj udmmanettabbeneslrgfgt v% # ptféseatomaryelroduglé%asm%lltd g 28k piche

conde r e r_variabl e spee rive

106 mad B o Ph e SARRS fimieh valkge Rt Rt rppon =

to prdG weDC nbrvertat 1030 on t he tenperature of

refrigerant into the evaporator (T1l), tenperature of

the refrigerant out of the evaporator (T2) 25 and
t enper at ur éheforgdensexiobiremovdsencat/fago trat working 4)id. The amount

157 especk hyﬁlré(jectéd tnlégrbg %EntrJllgg %m%o%ggg 01( eréloar)densefr farjt ],]Oee which

“pressure sensor neasu & pressure
t enperoigwsralr %’ﬁ&l%r‘-‘é@@?j\sér 5. {The speekdfitge tondedsarrisret 0avgay

the t
or ;Z’%qo“?mé‘“ﬁé o) SXoRAE Shacaryg SoF RARFURLULS filler vagiane

and s %ra'et@ﬁﬁa%%? EYMNKNieaioNg | E08. ?’H‘@ vaoakleapesd

in theverast Beludéed durBble s6ReaE tEdnie! t%Q%péewof%ﬁé tdMakAser fan
the de@glty of the working fluid entering.-

turbln 114 by a software |'ookup table and nay adjust
the speed of the conpressor 101 and/ or condenser fan.
ensure that it is

Sutf 1 o1 ent e PR ktiaclentbesd 30 TosTRY Rt Pstmeroth nputs
35 t hrldat11dfand 108w progide iffatmasorgom thenempératutal 7f, reivber@ht into

feeds tﬁJ‘@vatpUrra%rQﬁ lt:egi'lpeh?ur@tof Qre(?efl'vgﬁar% ou?of the evaporator (T2)
25 and temperature of air exiting the evaporator (T4) respectively. A further
thermocouple (T4a) and pressure sensor 115 may measure the pressure of
the temper_‘ature and pressure of the working fluid entering the turbine 114.

By measuring the temperature and pressure of the working fluid
30 entering the turbine and selected temperatures in the cycie, the software in
the master variable speed drive 109 may estimate the density of the working
fluid entering the turbine 114 by a software lookup table and may adjust the
speed of the compressor 101 and/or condenser fan 106 and/or evaporator fan
126 to ensure that it is sufficiently low that the vapour passiﬁg through the
35 throat of a converging/diverging nozzle 117, which feeds the turbine 114, is at
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‘speed of NiKgre

density of the working fluid entering turbine 114.
The sonic working fluid exitigg the turbine nozzle
throat may continue 5 to accélerate in a diverging
section of the nozzle 117 until it reaches a
supersoni c velocity. The high velocity working fluid
drive 'thF turbjne rotor. The turbine nmay drive a _
| o&osui’itf” i3l rsopicaincly o Fxeanser f14a fysther eaduices theaeasity of
s uthealwb&inkGluicPembiingtutzife 1figcel eration of the working
fluid within the nozzle 117, preferably to sonic or
supersonic velocities, nmay cause a fall inits

t emoer amué@ AR Gvorkif r i
m he working 10 d- B Qo FENOHIE b AT
g%?@ erglg i aghVerging saction eé thelmozzle i 7untit # redchis gh

' vebg;gérgym&ogvo@{yessure working fluid in both vapour

and-1iquid phases is passed into an evaporator 122 V|a

~expander 114c which is desi gned to prevent the

wor ki ngThe 'ng@'\ VIRRS Warkihd ﬂiﬂg rcit%%ezﬁrb 26 OYEQr ﬁh%g.g ine

fluid decel erates havi ng I'c energ

f r BYYidnve g leag b?héo"l%mpla‘ an ﬁlectélsganyratd‘revsemﬂdlﬁie

114sugrmy 12pso contain a diffuser 114b to cause the
velocity of the working fluid to reduce to a subsonic
value prior to entering expander 114c. 25 The

evapor a wa
T o Ceifialion SR TRAGATRON ditihe repde 103, Ry o
125°Mmapr wequitrasmrtah @aum/ap‘ajlnaute terh@eratuye Bxﬁti
eveRes @k o he eya

ﬁ@rralg?/rg bpéné\/r F%qgqug{ erfpé:/n& a\%?é ”53@’&%3%? f?f‘é"t of
13@5‘%@%‘@6{‘@9{16% htEbmngr i nput of t he evapor at or
fan 126 and controlled by the nmaster variable 30 speed

drive 109 thro@fa_g a communi cations link 108a. The
@oveleaty e prasaeremaigrking fivid inebtti vapour

I eSRONAAT preasel & %&@d'lﬁ’to%ﬁ?@?é@%%{_q29 Vi s L he a 1r1%12ﬂ§uch

flow ng over the evaporato he~acc
ma‘§ deRgnedta praventihe W@ng'ﬂln@pl‘asqlunedrqmln gsiag fab thecworRng

e VB Ak RRe v BB Bty tha.
PCASCRERY hreoexpradenbt4c may also contain a diffuser 114b to cause the

velocity of the working fluid to reduce to a subsonic value prior to entering
expander 114c.

The evaporator coil 123 may absorb heat from the warmer air 124
outside the evaporator 122. The cooled air 125 may be removed froﬁ the
evaporator 122 by an evaporator fan 126. The speed of the evaporator fén
126 'may be varied by a further variable speéd drive 130 connected to the

- power input of the evaporator fan 126 and controlled by the master variable
speed drive 109 through a communications link 108a. The speed of the '
evaporator fan 126 may be varied in response to the drop in temperature of
the air 124 flowing over the evaporator 122.

The accumulator 128 may ensure that any remaining quuid phase fluid
is evaporated prior to entering the compressor input 128. The accumulator
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repl ace the receiver used by some air conditionith/MAR 2007
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vari abl e speed drive 109 may control the speed of the

5 conpressor 101 to optimse ifs coefficient of

performance (COP), substantialTy as described herein

bel ow, al though the TX valve control will be ontted

due to the elimnation of the TX valve fron1the cycle

100. If the turbine 114 i rivin tr cal

gener FEIPR 230 AH & Hikng Mulaesan s eptare et Beererishd pr

be ei édmy aiporichieniBg refrigbtatibly peclesRifefiecprablast. t he

generator 121 may be a hi gh voltage DC generator of

the order of 670 volts output. In the preferred case

“the DC poviette reasterutaridtiid Bpesd/dive 108 umdyexdnireittioe sgeed oDBe
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will recognise that the air conditioning cycles
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speed to optim ze the overa fi-cient of

Per f oPHRHE dn thei Rjefieeed 839196“&@%?%@”@&?1 €8 1Y pg epyoled into

di agr $iene Ibhysérr@bsrwmrrn@tmlnsbnefspee%&xrtvbeog through adiode
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15Cycl e dirsdiioh, tAGs aVoriity slyersediaik bf Meaids powei 150it tHeajehbiato
to Fiqgges 1, 2, 3, 7, 8 or other cycles including
those '6f the prior art if. required. The process nay
be controlled by any suitable mcro controller,

m cropr 0CEIRAe sifted ?r‘ malaﬂ |ﬁ]Pe\éh@?se f'ﬂaf:tﬂ?tarr Q}Dno‘?ﬁjo%@létcv&gs _

control the arive si gnal rol

a conpleeyived abFrmay lm mpsﬁ eriengyt ¢ftciénd thapiherg of the prior art, due
agdescriwp Ehé}aﬁ e%;ove?e@ﬁf Hﬁgqgrbhlé?atgd g\whé'ﬂe CEQE @i tﬁ@rlrﬂoeefecﬂﬁs

been used errln% Fi power up o
bef or degs@ttasovelie the eordwheitae coraprgésrqrtsnw TO@ﬁﬂmlze the

i ni ti ajybfidoafiiciettiFafoffancbe perfornmed in which
selected flags, 35 registers and counters may be

initialised, typically by setting to zero if this is
WO 2004/ 022930 ALEHIW ¢ii@blbiddy digtame lusestingradtxample of

oo 1o RRPO A rb e SRt e Rk e
i | | ustdoatroirng sir denditorhEcycl, bucd asthk cpdles described herein in relation
to Figures 1, 2, 3, 7, 8 or other cycles including those of the prior art if required.
The process may be controlied by any suitable microcontrolier, microprocessor
or similar having. a contfol output to control the drive signal of a motor controller

30 -for a compressor. For clarity, in the following descriptidn it is assumed that a

micracontroller has been used.

Referring to Figure 8, on power up or before execution of the control
algorithms, an initialisation routine may be performed in which selected flags,
35 * registers and counters may be initialised, typically by setting to zero if this is
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val ve, condenser, generator excitation) are _
serviced/optimsed. are entergd as DELI to DELn. For

the particular heat punp that is being controlled, a

| ook-up table is determned and the entries for target
coefficients of performance (COP3 to COPn) for the

heat Fu when operated at a specific tenperature

di f5H %‘%f Hespaftivdardmpleanestation o ths cqnirplalggythms. t o

(T1- 10 T3)(n)) are entered. The m croprocessor may
read the state of a switch SWM. The switch SW
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( T3k peingtaentratied, FIqknyr tabieds daterminad sodithe entriesifayédrget
c ogdAcsd iy OW t for use

in the ser viis%l r?grj %E){el sa_t?o%ég?%éeh%gﬁﬁﬁpﬁﬁgeoé)erated
hedtd $PesiiE damperrturaRifferentinle astassdiem avaporater (F&8)(4) to (T1-
fleghhake Lisbat es manual or automatic operation -
b_a?%él )gn th(te Iset@'at us of the switch SW. The

m crocontroller receives as inputs the tenperature of .
the refyiQ ' ' . og@jorr Il ..
the t ermer oloosreh Tl st BFa SURRTSTHE T switen
evayydrdigtales Whethed thehwicrenopireliss @utomztioallypsoheduls.  The

seder G - - ' equiyed notor

S Ropl et e a8 bovt Birabibeal M BEel oo B
K3statgrof enye raswirpd 88 Icoamtdrsaandariegistans) dhialyiatsd begread and then

r ghfibgegant constant K1 are also entered. Kl may be

determ ned experinentally for the particular air 30
conditioning cycle and represents the increnent of

heat |if{RE-RALpESINHRH Jor es' Aty t&ﬂ%@ﬁ%ﬁp&%ﬁ’é@%ﬁferTelntials

and T2. Having recelve e 1 nputs,

mi @ I FolTilel3)tmand thaipansesiatedarget édafiicents obpdrivemance
Tl | | i e e 1. ; ta | ook up a :
520909 T00EHIoR A Bk RS AR BT it rerrs
hekglovpu fnally, thienigrooeritblieneits apfiag titat MAdRat26 G&NWE or automatic

209 0RO BIOI AL fcn Ry 101 o, where the

coefficient o ormance represents the heat lifted
per unit work input. In an alternative enbodi nment,
i nst ead! "SfMigERgRNIgler ceagives agdnputDie tetperature of the refrigerant

flowing into the evaporator T1, the temperature of the refrigerant leaving the
evaporator T2 and the compressor motor power KW1. The set point for the heat
load T3, the required motor speed increment K2 and required motor speéd
decrement K3 for the compressor and an air conditioning refrigerant constant K1
are also entered. K1 may be determined experimentally for the particular air
conditioning cycle and represents the increment of heat lifted per degree
temperature change between T1 and T2.

Having received these inputs, the microcontroller then computes the
difference between - T1 and T3. This difference is then used to look up a

corresponding coefficient of performance for the heat pump in the stored look-up
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speed. Those skilled in the relevant arts will also

appreci ate that variabl es othe than the tenperature

di fference across the evaporat may be used if

required. 10 If TI - T3 is Iess than or equal to

zero,. the heat punp is not operating and nothing

further is done, the mcrocontroller, which returns
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COP2, whi ch is based on the neasured variables T1, T2

and KM is conputed according to equation 1: 15 C(PZ
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ensure t stem renal ns
measures of system performance may be used that relate the system output to

the compressor input.

25
The computed co-efficient of performance COP2 is then compared to
the target coefficient of performance COP1. If the value of COP1 is less than
COPZ2, the compressor speed is increased by K2. Conversely, if the target
COP1 is greater than the computed COP2, the motor speed is decreased by
30 K3. A delay subroutine (not illustrated) is then executed to allow for any lag in

the response of the cycle to the change in compressor speed. The raquired
time delay can be determined experimentally by forcing'adjustments of the
compressor speed by increments of K2 and K3 and measuring the maximum
time for the air conditioning cyc_:le to return to steady state conditions. Any

35 suitable delay subroutine may be used to achieve this delay. The delay
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al gorithms. The execution of control algorithns may 5
be performed periodically atspredeterm ned tine
intervals, continuously with the appropriate tine
del ay between each control cycle or on a schedul ed
basié Figure 9 shows diagrammatically a contro
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our state. Therefore, each tinme when the

24 a
del ay 3 U%F@EFPF%WI“%’I JRRRURP TQas thersusmobT4 e TTRNG al ve
| Sorhpintek 6, astthe pFadGEIF FAtWifH & 86ndiEH KBS Whth Ba@Rates the

-conversion of pressure to temperature of the working fluid. If the temperature
TG is less_ than T7, the TX valve is opened by increment K4 and if the

- temperature T8 is greater than T7, the TX valve is closed by increment K5.
Otherwise, the TX valve is maintained in its current position. The incremental
and decremental step size may optionally be the same (K4=K5). A delay
subroutine is then executed in order to allow the cycle to reach a steady state
or near steady state before any further action is taken.

With variation of the TX valve setting, it may be advantageoué to
check that the TX valve is still operating so that the refrigerant in the suction
line of the compressor after the evaporator is sufficiently super heated to be at
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al ready present as part of the TX valve and if the

exi sting control algorithns do2gnot bound the TX val ve

W thin an acceptabl e operating range. Wth variations
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parameter, while .{:n ot (ee'rrg-ggc@ | Oﬁt1sast]{ %é‘ﬁ%&ea?e bRivesn T3
i nput BWE @NdigTMinags the kenton AigoEthsslos thempntiensthian speed if T3
. - p
- 255el ectiggreBaF HEMPEqual to T1. If T3 is less than T1, the cycle is operational
and heat extracted by the condenser. The microcontroller then calculates T12
as the difference .of T10 and T8 and if the target tfemperature T10 is less than
the actual temperature T8 the current compressor speed CF31 is increased
by K7 and if T10 is greater than T8 the current compressor speed is

30 decreased by K8. A further time delay is invoked after variation of the
condenser fan operation.

The microprocessor may also vary the timing of the second interrupter
11 to optimize a selected parameter of each refrigerant circuit. In some
35 embodiments the heat absorbed by an evaporator may be the sslecied
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megiRtrated by ratyrs” 'EFQH'&I% load is applied to

The rotors in the generators of the heat pump may operate at high
rotational speeds. For example the generators and heat pump may be
designed so that the rotors revolve at 15000 rpm or more. To maintain the
perforrhance of the generator at high revolution speeds, it is necessary to
balance the rotating group (turbine, rotor, shaft and bearing system). Also,
sealing the rotor and generétor into the refrigerant cycle may avoid problems
with losses and reliability of transferring power of the cycle through a shaft.
Furthermore, if a fixed magnet rotor is used, sensitive balancing becomes

difficult due to the magnetic field about the rotor and the ferromagnetic
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w@2009mo2¢ hat is non 5 nagneti c and can not bEEORE2003/001144
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VO 20%%@&&9@0 Tﬁgérﬁhgﬂg%@éé-ﬂé’on?g ins a turbine 505 including a rotor

506 and a nozzie 507 held in place by a nozzle retainer 508. The nozzle 507
is suppiied with refrigerant through an inlet pipe 509. The generator rotor 510
- includes four rotor coils 511 - 514 forming a four-poie rotor 510. The coils

30 . 511-514 may have their ends shorted together or connected by a resistive
element which impedance/resistance increases with temperature to provide
current limiting to protect the windings of the rotor. The coils may, for
example, be formed from 1 mm copper and have 135 turns.about é 12 mm F5
ferrite former. However, as will be appreciated by those skilled in the relevant

35 arts, the number of windings in both the generator rotor 510 and stator 504,
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- nunber of poles provided on the generator rotor
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within fixed 35 paraneters. For application to the
turbines in the heat punps described 0 6 MAR, 2007 WO

_.2004/ 02 D920l AEY bARIDE 008t 44n be reversed periodically to ensure
~ that the ferromagnetic components in the turbine 500 do not acquire a

permanent magnetic bias.

~ Turbines of the prior art have operating speed and torque
characteristics that are fixed and can not be controlled without loss of
performance. However, the turbine 500 of the present invention allows
‘dynamic control of the strength' of the exciting field, changing the
characteristics of the generator so that the turbine 500 can be operated at the
most favourable speed and torque to maintain operation within fixed

parameters. For application to the turbines in the heat pumps described
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ower .out dlr’gct currerq?rp{E rouhﬁ%]n LEd él?errotorsm

vv| ndi H’GE W@@%HB &ysrRed énerdéaetcefrmtnebeleg tep ttmongh the
15Those ssdtoriwitiindsn The h&alad’uhem dutp R PRESL o €o|Ia?ét05L;J&?w from

| | ust t 12
cont r % ReiPt s s 0af TS e feieved ohisksoimeashrements of tre
foreg ?umgptd)emr litpi awyolfa@éenrue:fmcw-lvﬂ?'%rl%%élﬁ‘ sfé?d?‘%vlr‘id?ng group.
speci rs,.of the inventi
avi ng K AoaoReL o PR FRTRS o8 prpelari L panie. ane
her ei rﬁ‘»OTnﬁ%r@ﬁ ﬁb%ameeﬂncae pofver oagtputi dftiad prgvises pé\ﬁértd‘lutput %Qs
20Al t hou@a tl‘iaﬂw' the b&Y&E‘E?\P& di tqgg eredc?é eé’PEWEH%’ tﬁgﬁf@?r

exanpl e and erence t
t her edfindings is @C'ieBSWebMﬁ}E@ﬂsteUmded Btap sizem it mravibossovasr

I mpr O\befﬂaﬂﬁés B théh ﬂﬁ@@ﬁrr@rﬂ?t %Poﬂgéﬁt Rgtdﬁgg %?}He?tﬁgrough the

from - e sco e of the-i.nvention
append s gecreagre by @oredetgrmined step size. Those skilled in

the art wull appreciate that the algorithm iliustrated in Figure 12 may use to
25 controf multiple target generators.

‘Where in the foregoing deecription, reference has been made to
specific components or integers of the invention having known equivalents

then such equivalents are herein incorporated as if individually set forth.

)
o

Although this invention has been deécribed by way of example and
with reference to possible embodiments thereof, it is to be understood that
modifications or improvements may be made thereto without departing from
the scope of the invention as defined in the appended claims.
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CLAIM5: 1. A thernodynam c cycle including a
conpressor, a first turbine dowstream of the
conpressor, a heat exchanger | ocated domnstrequqwﬁgﬂﬁ7
first 5 turbine and operablg to reject heat fromthe
cycle to another thernodynamic cycle, an evaporator
downst ream of the heat exchanger and a second turbine
downst ream of the evaporator and upstream of the -
conpressor. 10 2. The thernodynam c cycle of claiml
i&ghﬂﬂéng a condenser downstream of the conpressor

and upstream of the first turbine . 3. The

t hernodynam c cycle of claim1 or 2, wherein at | east

08° AinglHfsnalric oyde bRLIRg BSRERSR o sohiins dopsgem
axi of e ¢inmpressad, a beatrexcimgeeioratet doamstre s @F tHeAwéte

1 i B PRl bR AR Sl B 2t 0 ot or

to tthemeldynaimic\oycls pamievapbeator dowhsyreaerdittie: Peateikchadgent

| ea Q& ] ret in use, exhaust sai
il uisat&df ro%gégﬁgEIB?@E%%tg% T, REDS ek ep S ator BBE, UBtreaty f the
fl uicdnforeaspsai d at | east one nozzle exit is
periodically interrupted by at |east one flow

interrupter nmeans, thereby . raising the pressure of

sai dheltbeérthadysamdie cyaledf alinh ¢ drsdudimea eodddreer ddwristreamenf
t her, ' I | & wherein at | east one
of ttﬁ%g%(rﬁ?é%&r%?buﬁuﬁgé%rﬁ8ﬁgﬂgcﬂiﬁauquebi ne includes at

| east one fluid storage neans between said fluid

S&lp j t ngzzle.. 30 5. The
HOnS hoRGhaRlc ERP bal'T RS iGein 1 st 4 g it
st ofturginerandrreconditirbine mpludes:y at | east equal to a

di S@r%&?'&ﬁ%b&f the conpressor. 6. The thernodynam c

7

cycle of any one of clainms 3 to 5, wherein said at
| eastroten otefable ahouba cepfrat exigwathin said sttamghaaibley, st ops
t he g |y e R ihdiitify 3RolI0 Bk R ing &Pl |
nozzle exit unti | tﬁ%’ _%r egsd‘?gk'?ﬁjsr%agﬂyggl d é?_ﬂp'gaasqu'd
one SOPRY iRe 2nrymodgnarmie £y¢e to $aid sotontodheneby diexsaidirotor
M NigidPeRESESMGer: Whi ch is less than or equal to the
pressure of the tluid supply. .
at least one exhaust aperture to, in"use, exhaust said fluid from said
turbing;
wherein the flow of said fiuid from said at least one nozzle exit is
periodically interrupted by at least one flow interrupter means, thereby

raising the pressure of said fluid inside said at least one nozzle.

4. The thermodynamic cycle of claim 3, wherein at least one of the first
. turbine and second turbine includes at least one fluid storage means
between said fluid supply and said at ieast one nozzle.

5. The thermodynamic cycle of claim 4, wherein said fluid storage means
has a capacity at least equal to a displacement of the compressor.

‘8. The thermodynamic cycle of any one of claims 3 to 5, wherein said at
least one flow interrupter means substantially stops. the flow of said fiuid
from said at least one nozzie exit until the pressure inside said at ieast one
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7. The thernmodynam c cycle of' any one of clains 3 to

0, wherein in use, said 5 flowof said fluid from 06 MAR 2007
said at | east one nozzle is interrupted by said -at

| east one interrupter neans 3Por a period sufficient to

bring said fluid imediately upstream of said at

| east one outer nozzle substantially to rest. 10 8.

- The thernodynam c cycle of any one of clains 3 to 7,

wherein said rotor has a plurality of channels

s hapraizierimsttt aneessietedinifmamoiessre, \Dﬁv\ih@rv Isd8ss tRan or
axi s when

turn ment about_.sapd central
r ef r+ﬂ‘%lgﬁweﬂ%ﬁﬁugea?f&ﬁ%h”'dlsé‘ﬁglﬁ' one nozzle enters said

channels. 15 9. The thernodynam c cycle of any one of

Lai 3 __wher ei id rotor h lurality of
bi7adte BeedmaliBE R ol ¢l e EoR Eube oD Hoacai

t ur nilovwgofreakefitid Maalgais al Idasieime lzzRXE Mtdffed by said at
refri %etr ant. tf rom said a% | east ~one nozzle contacts

sai d°BTSHEINETHPYED MERAR T RASHIE PHEIRIeET 1/1INg Sid A one
of cihmhettatdiytupsPeaie 5@t At BaEHomd oLtbEASAILABslnaNy to
interrupter nmeans includes at |east one vane
conn&table to and moveable with an outer periphery
of said rotor and adapted to interrupt the flow of
saidfluid out of said at |east one outer nozzle exit
oo M fatSinafls SGcotRaone o TSE A § avhye g
sai thata plersity ofthanBels efped, pusitioneblanddifensioned to provide
t her r.r?d ‘nam c %ﬁ%e of cl ai nLlo_, wherein said flow:

{Pe Ml @boyt fajd critrahaxss whgnireffigempntisorn seidims s
subsitasttanel dogzie\eprery ssipaaashapart around said outer
peri phery of said rotor. 30 12. The turbine of any one
of clains 3 to 11, wherein said at | east one nozzle

i 9. UBree &;ﬁﬁbdyf?&rrﬁc&tﬁlef dfswénq %.]1@ -cﬁﬁiaﬂné gtt@ B, @ﬁer@inssf&m :%ft&f
supersonjc. \ ity. ) e thernmodynam c cycle o
ol ai TIPS, ditiade shase. Positipnemene s nes o provide a
apertutnirg moaient aisoud sbititeatralanis WhERRARIeraRéiohPisd bieast
decrease the v 0. 6 MAR 2007 31 of said fluid

| ocit
~and i hAT® ﬁaec?sp§aé§§ﬁpgs.of the fluid fl ow once it

has decelerated to a subsonic velocity. 14. The

t her ] cl e of .any one _of cl al | to 13,

ot Gy SRR Gt &ck or Y PR Biite Lung, warBngaid =

t ur beagnerfowidesruptey ereana ireiudes t=0 fe as NS MENR Eonh ¥@al9E to

nor e : . i ndings _and .a generat or

Mo %ﬁﬁﬁ%ﬁﬁgﬁ ah %{%’F p%;ﬂ'n%ry gts saiid rotor ahd 5 apted to
interrupt the flow of said fluid out of said at least one outer nozzie exit
‘when said at least one vane is substantially adjacent said at least one

nozzie exit.

- 11. The thermodynamic cycle of claim 10, wherein said flow interruptef means

includes a plurality of said vanes substantially evenly spaced apart around
said outer periphery of said rotor.

12. The turbine of any one of claims 3 io 11, wherein said at least one nozzie

in use supplies said fluid to said rotor at a sonic or supersonic velocity.

13. The thermodynamic cyele of claim 12, wherein said at least one =xhaust

aperture includes diffuser and expander sections to decrease the velocity
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a plurality of stator w ndi ngs about sai d generator
rotor, wherein at |least two of said stator win 'ni@ﬁ
are connected to a controllable current source, 200
control | abl e current source qperable to energise the
stator windings 10 to whicHlit is connected. 15. The
t her nrodynam ¢ cycl e of cIa|n114, wherei n each
controllable current source is operable to energise
the stator windings to which it is connected after

t he to S_reac redetern1ned vel ocit 15 16.
The PRSI RoftFE g0 Brestiis s iuaAiow anpe Jias

pr edesceferated do walibsoriyyvelbsityt he term nal velocity for
the current operating conditions of the turbine. 17.
The thernodynam c cycle of any one of clains 14 to 16,

- Whér Bhenthesmboy2RnidIEyolNb, SErecoficime 2369 3 Ahhslef RISRS

t he t t hro res ctive stator w ndings

omcT oG Afes B Seeand Sibineg R s s arnapator forgnaNGNG

st atiwmo cmrm}'e rsgm:edﬁ:ar!%tﬁ?hﬁlﬁﬁn@é a8 gERérafc? rstzIttS}‘iincludmg

the”mflﬁagly%]‘ cIe clained in any one of 25 clainms 14
u |

to 1%PH ?‘5158598 Ut-j2id ggmiaraior Frtorpwheieinalipart
f r ontwioha saisitsttor wmum@s RYS coMbctatiot @asonfelidoNe cGrdrt 8Bbree,
t hroy h thEP' nd| n if the TaHﬁ;ent nmeasure of power

out p EPUTSA RO R PRG foRegEdisathe statpiodiedings
out mtwr&'frdrt demhaegedld the current through the w ndings
if the current neasure of power output is less than a
previ ous neasure of power 30 output. 19. A nethod of -

geﬁeﬂm fheanedynamid cyere ¢ dmmrmdmamm Sadh/&drirollAid Bokrérd
first .turbi ne downstream of

ressor t he
conpr gP Sor opgr‘queatp englaiR g SatPorianiegs dwhish ﬂté%ﬁ?’HTECTed
t he dfter fe rotorthias eeauned @pereadtemmihed vebeigt 35 heat from
the cycle to another thernodynam c cycle, an
evaporat or MAR 2007 32 downstream of the heat
eiﬁh’ﬁr&;ﬁbemﬂnanmwleobftdmﬂm vﬁemgmﬂk@m&émmc&ﬁvelomty

Toatt Ui PR aliR) AR Sk dGeRRe SPaflne ST bkt

rotor and at | east one nozzle to apply fluid to the

r q’f’ (I;’l;het n@%ﬁ@y{ﬁ%ﬁéllcdcé) f%ﬁg%nraoﬁglra F %&S{be Bﬁrgrql SW:
| nt ewrr@pt SQUreR RS aBeSs orpt&qrmhesalhé gurret G-rrbugl't théheeédeewe
@B findings %F%ﬁerﬁ‘ 8he rﬂéaéu?@git th %]%ngf) 4Gt PHt'Sfr% thesi g

ther y raisin ressure Sai
at Isé%IQtWtB\dmgﬁozzl eto

18. A method of control for the therrhodynamic cycle claimad in any one of
claims 14 to 17 including repeatedly measuring the power output from the
stator windings and increasing the current through the windings if the
current measure of power output is greater than a previous measure of
power output and decreasing the current through the windings if the

current measure of power output is less than a previous measure of power
output.

19. A method of generating power from a thermodynamic cycle including a
compressor, a first turbine downstream of the compressor, a heat
exchanger located downstream of {he first turbine and operable to reject
heat from the cycle to another thermodynamic cycle, an evapora'for
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a preselected m nimum pressure which is | ess or equal
to said fluid supply neans pressure before resum ng
the flow of said fluid out of said at | east 0,
nozzle. 20. The nethod of. generating power 20 an
19 including providing the B8hernodynamc cycle with a
condenser downstream of the conpressor and upstream
of the first turbine. 15 21. The nethod of claim 19 or

‘claim 20, wherein said preselected mninmum pressure

i s suffici ent to cause the fluid to reach the | ocal
soni clowsktozAr pf thie heat emgemndmeema&hr@me?&v&%trearh &f

i 1 Sl A g S G Do BRERe B B atpast one of

vel odhe firesand$cond twbines ||nmdsserrofw ranti iae le‘abtefsﬂm%&@% c
cont PSPV LR the Bt e B e Sl e anepshpigee power
pr ovma mgtmdnrmg;dmgapmv:dmg muembn@ﬂo\tvh&etrhméﬂmdﬁwm c
oY o\ Boribagi PeefbaRe bl ok e SRS B Shie ol Pactaragidrge

cont O SIS 1n
meanthereby mmg/teemessnmbfssaaﬂﬂndd unﬁmss#d%améas?!%ne lvhb@élé to

of t eada asure of the 30

o k e AL, S ae MRl FER B s o i g suoply
mean&neEags ppassatsl Eefore resumint ehafiove absHie floil oot bi $HieBA¥ast
fromygaindiput s and vary the speed of the conpressor

to maximseé said measure of efficiency or to maintain
sai d neasure of effl ciency at a predeterm ned |evel.

At R N G

sec oﬁ'diﬂmadWannc ayajle with @i copdemsen soivastren of wlefwn@ressor
measyne, %rréatﬂ?ofthg Zm’:}%re of a controlled area-,
e ane

mhereln secon P neans receives as a
further input said neasure of the tenperature of a

caont rpL r

e {1l rae iy A L RE el SR i
r espBigssureds 5@‘1‘1@@@! to gause therfisid to reaciptbe ddaal sonitvéibeity at
cont gahbsthradhERARL F €l ation to a target neasure.

22 The method of claim 21, lncludmg acceleratlng fiuid exiting sald at least -
one nozzle to supersonic velocities.

23. A control system for the thermodynamic cycle clalmed in any one of
claims 1 to 17, the control system lncludmg
sensing means for providing a measure of an output of the therm'odynamic'
cycle;
control means for the compreassor, wherein the control means isin -
_ communication with said sensing means to receive as inputs said
‘measure of an output of the thermodynamlc cycle and a measure of the
work input of the compressor:
wherein the control means is operable to compute a measure of efficiency
from said inputs and vary the speed of the compressor to maximise said
measure of efficiency or to maintain said measure of efficiency at a
predetermined level.
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25; The control system of claim23 or clain124,
wherein the second control 10 neans further receives
as an input a neasure indicative of the anmount :
refrigerant in the cycle whj.ch is vaporised aftirBMR 207
evaporation phase in the cycle and to open or close
the fluid flow path through said second turbine to
mai ntai n vaporised refrigerant after the evaporation
phase. 15 26. The control system of claim25, wherein
the eration of the second control neans to maintain
i TR SRR oIy S P AT Bitheh BOMGRISRP RGO Shaeans to
per tre mdn@mrarne&nﬁrsedghg mﬁng ﬁr@'ﬁbﬂ?tlnﬁ raQﬂéésEﬁe ﬁﬂﬁé r ﬁl

en|n t he 0 ath throug
o IEratBREE Bk BhPIRR arahe it tepecart ot mpant

var radeives sasca‘futtaanﬁpmtsardaneaéhre 6f thEh@m@emwre lof & ¥:6htedINed

ny on ims 23 to i.rd control
e AL BP0 1 nstardhn Sepen o aieea e FHPERALE b peaessid pe.
CONkeSUNdIYBIrIN regdonseth sdredRafiaidrenn cém;séi@tuﬁeondmﬂser
to maintain a re%w red | evel of cooling of

r ef FP@Q"SHF"E@'W BUAD IR ISRt MeASUSE  The contr ol
system of claim 27, vvherel n the control neans, second
ans an rd contraql ans i.s a singl
o THE TR SYEE N Sl R o PR T S 375t
m C hee0B furtidr egcives amannﬁp.it@cmasmrs intdidaivabf the @mﬁunt of
t.ed mcrococﬁFro s or . & rocessoﬁga .
Rt R T AR R s ey
of trkuacyclerraritgtoquehrw closa tiid fauns fiow patrethralgitsai] segpsd em
29. A control nam c

2] iR iy S Nt drptuBRant SROY GuaR RS

system i ncl udi ng: 35 sensing neans for providing a

T aye refrol el 8 0ai an WRelet 1E SrReRLd A% oin
t he coptnd mnﬁamanmxmainimpommfmgeam aftenvtht evapmiration

out BIE PR DR PAER A B R B bBihoth B e
5 wepkning potiocsing tieeflud fipw estothroughesatd secohe turbing irol
"ear}és oﬁag&e£§§’£8né \iéﬂgi?éi{sh é’i‘esrgg@% $°f effi ci ency

S an var t he conpressor.
to rmX|mse sald

27. The control system of any one of claims 23 to 26 mcludlng third control
means for a condenser in the thermodynamic cycle, the control system
varying the operation of the condenser to maintain a required level of
cooling of refrigerant by the condenser.

28. The control system of claim 27, wherein the control means, second control
means and third control means is a single microcontroller or
microprocessor o a plurality of microcontroliers or microprocessors with at
least selected microcontrollers or microprocessors in communication with
each other to allow management of the fiming of the functions of the

control system.

29. A contro! system for the thermodynamic cyéle claimed in any one of
claims 14 to 16, the control system including:
sensing means for providing a measure of an output of the thermodynamic
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measure of efficiency or to maintain said neasure of
efficiency at a predeterm ned | evel and wherein the
control systemis operable to control 10 the direct

~current through the stator w ndings of said turbingg MAR 2007

30. The control system of cl?jhm 29, operable control

the direct current through

e stator windings to

dynam cally maintain the bal ance of said turbine when
| oaded. 15

30.

cycle;

control means for the compressor, wherein the control means is in
communication with said sensing means to receive as inputs said
measure of an output of the thermodynamic cycle and a measure of the
work input of the compressor:

wherein the control means is operable to compute a measure of efficiency
from said inputs and vary the speed of the compressor to maximise said
measure of efficiency or to maintain said measure of efficiency at a
predetermined level and wherein the control system is operable to control
the direct current through the stator windings of said turbine.

The control system of claim 29, operable control the direct current through

the stator windings to dynamically maintain the balance of said turbine
when loaded. '



