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heat punps, turbines for use with heat punps and/or
generators for use with heat pupps, and in particular,
but not exclusively, to inproved refrigeration or air
condi tioning methods and apparatus and to turbines
and/ or generators for use therewith. 10 BACKGROUND

Present refrigeratjo cles reject heat to the

at mosphere. In S&%EMEME 100 ANDROFRWARS gy
whi ch woul d ot IFgRWSE WEH ANFIRCONBITIORING €Y ed
fromthe cycle, thereby 1 ncreasing the overall

ef fici lqure 1 shows a di agrammatic
repretgﬁﬁﬁ?%ﬁ':g&g heat punp circuit of the prior

art. Hot, high pressure refrigerant liquid enters a
throt t1i ngTReKisEnt intintiEN el RES T Kkt bOmBE, BrblRes4Bt Y& with heat
whi ch reduces its pressure and tenperature at

const BHTPEAIHeN ganeratpre ferase wilhisinab PHEPSansin pReicplas detinot
t hr oughy@iVasato i%%rc%%lh@n@sraﬁeﬁ or 8 BARdiRHg %F%HQ Bnd
absorbs heat” from anbi ent tenperature air = bl own

acr 0s3PRaTatus gpd kclaigbings andfalgenersdnre iy UsRéheEwitand
thereby providing the refrigeration effect and

causing it to expand. The acquisition of heat causes

the liquid to flash to vapour and expand. 25 The heat
IadenBMﬁéUNPui d vapour is then passed into an
accunul ator which has an internal structure designed

to allow a b z!'iiﬂég ; [ j t
entering tﬁ%%@ﬁ%ﬁ@é%gﬁmlc e %héé?BgartJﬁ E@%@%%?k&n@ome
f | ui deasgp@uroriiam &itke enerpyyhish swauljd otBerwids ledrejacted may be

resul oc8ferdd Y)’B@ﬁgé BPUE tnGRBPERAEAAUASoYARPUCEALS

raising 1ts t erat Ure and pressdre. A signi
portion of the work input into the conpressor

r e- appear Spas,t Jma% - ' - .
supefﬁeat i §'§§5€h2§” wor P%grai | ul @q\%éﬂﬁgﬁ?t?‘%“fo@ﬁt@ﬂ?&ﬂ oult

PCT/ AU20©8riQTart 440t, Dighheessurisaetigatantiiiquid Ritecs & thudttling device,
VapOUgddtdferfi@o bt S HAERR! Fhithfeduces its pressure and temperature at

constant enthalpy. The heat absorbing vapour is passed through a heat

exchanger or “evaporator “ which absorbs heat from ambient temperature air
blown across its surfaces by a fan, cooling the air and thereby 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 fluid 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, compresses 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 superheating the
working fluid vapour.



el evat ed above that of the ambient tenperature of.the
environnent and enters a condenser, which has a
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exchange then occurs between the superheated working
fluid vapour and the 5 environnmgnt which is at a | ower
tenperature. The heat exchange continues until
sufficient heat is renoved fromthe working fluid to
cause a change of state from hot vapour to hot

liquid. The hot working fluid liquid enters a
reservoir, %ﬂl% atgpqrg}eq‘c@q %PFW e %\%O%‘r thyig hap dg ignirgrature

whi Chelbsied aBbid ihai 6Mhe Mm'b%fnG%mﬁélrét[ﬁ% dithSeRRBRInehtdhd enters
requirenents of the thernod nmc cl e and wi t hstand

na C
the. hf GANGRNSEE WS HesiaRinisiuc ihligeto thatas tog cyaperator. A heat

conpr eshahge mﬁ d&@brsmeﬂ/l'/bewtﬂé %u;iﬁé?hééiéd! waﬂ{reyﬂﬂuuch U&hbufl and the
t hen enters ve to co

t her ERRRReEt OGP & S EHOREF EBREYEo hﬁ@egy@@am@%%nues

beconentd stiieie nticutvisdBn R e rbiahé Workt@MRlid 10taBEY Bhnge of
t he rra or mgl es of ttogrot\mrl d and are viewed as an

essen? Atg frorg HRb\AReHE H%Hi? | arge buil dings in order
to mintain a level of environnental control wthin
the buil di ape tinme as air conditioning

ﬂ"? At tg_e 2‘
systems cohtf ABVTENE HLideauiE! seTh apRaTyolr ysv%'m@f@&rﬁwfgasa

I ncr easdd@rywRioh has agffsrRet | Wc_?e \QJ!L@ﬁé Ed élldp}értlth?s fquirements of
lim t@ﬁﬁéesour ce and in so aces

exceelfAREEISHNIMGICYFE ang it dmf h'ahpf?ésvféamtheﬁ'%ﬁhérge

|t haghdsraperBompreasdramhetret hide @Fés%Mreﬂ@iri@BFdn@thﬁ’dI #@A enters
el ectricity consunption, any savi ngs

for savi
can b rﬁg\éaw%ma‘?orm%%ﬁ@ﬁ §HRofyna 5’%’§?t ems t hen

there is potential to make an overall huge saving in
t he consugPtlon of electricity. The savi

of »
cl'ect 1 o1 t ST CarES BB GAkncAge 4 mdsalay on electrcty

di st r pdwkriie anly F BRSEBEEIELOURGWAAE Snd SHCOReWRDESE®Sssential
are becom n%hpfrecesslg@/ to deal with 30 increasing

peak FYBRR" BancBETRHIINgs i UG igmorintaty aleve! of

condl ém\m’@hﬂ\@nfﬁﬂbdﬂﬂtol w\i@nZlﬁ@ﬂanﬁ&%%ﬁ tl%@'én%JRM@%éQ\Q]cbﬂ&tlonmg
OF THE INVENTION It is an object

OBJE of
pr ef eWSéed“%ﬁ‘%@Pﬁé%l"‘c@fas? HENYARARE |S<Pﬁ°?'?9'“@r“6‘§f?%%n9'y

appar gkbgnié€d that éI@é‘thc:QMB’B lm@él%so@r&é&éﬁd iR'¢Be \WHceB demand is
will i ncrEase t ion of avail able energy in

thch SHERREDSuPaY oisdolsceat pin e Pear e e nat i ve on et

of a preferred enbodi rent of the invention to

It has become important to identify potential areas for saving in
electricity consumption. If any savings can be made in air conditioning
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
increasing peak loads introduced by a rapidly growing air conditioning market.



provide a nethod of controlling a heat punp which wll
i ncrease the efficiency of such apparatus at present.
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enbodi nent of the invention to provide a nethod of
controlling a turbine and generator which wl|
increase the efficiency of such apparatus at present.
15 It is an further alternative object of a preferred
enbodi nent of the invention to provide a turbine
and/qB t hod of communicating a fluid to a turbine

whi ch ﬁﬁ?&i%?%géﬁVFHE'%i l'i zation of avail abl e

energy fromsuch fluid at present. 20 It is a still

further algegr i ' . t Vi de: .
public wi t'L%ad?’a%déégSf)g)?ﬁegé.rf:ée"?e@%dé@@‘itb‘}f@f:e?'é{’o '°¥‘E§pr°"'de
pr esedfparaiveior edwaheynp eednia hppauom whichowiltinerease the

evamptheais " SRR e B PR AT KRR or i ng 10
a first aspect of the invention there is provided a

turbine glgfs %%Fr%ibé‘ggt@gt\gﬁg dgg%l'rlég ieﬂ'ﬁbbdi?nernli%%ﬁsinvention to

chanber ;. a rotor rota ut a centra
Wi t hi ifowee 8 meshest ofctvatrbléing a Aeal rimen whisk wilbingieese the efficiency

i ncl ugighg Lkif Or supplying a fluid froma
fluid ssu%%?éytétgg%g?rgls%'gtor to thereby drive said

rotor and generate power; at |east one exhaust

Flrbi ne: el SRR ERIRCH 2380 ned s g Bl pvegron
the fRrevidef naeihe of apniioineentyhing aad desarstor aviichnuil nceease the
exit éfﬁci@%'yioﬁg{j&@%%athgéﬁrgg@&gd by at |east one flow

interrupte ans, ere raising the pressure of
said fluid inside said at | east one outer nozzle.

5
Pref er abl yy isté?ﬁBFtHérbélt@%aitiWBt?J?@t%f@t réf@ﬁé&' e ESdiHegl & the
st orage neans etween said uid supply and said at

| eastiN@TEoD iR RIOVIAEAALdIneransy @freampinod ©A Fementiniceting a fivid to a

F 1 ow iRy WiHBH BAl ifBRASe HUREHARbA 3F LailSbi@RRergy from such fluid at

present.

It is a still further alternative object to at least provide the public with a
useful choice.

Other objects 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 turbine
for generating power inciuding:
a rotor chamber,
a rotor rotatable about a central axis within said rotor chamber;
at least one nozzle including a nozzle exit for supplying a fluid from a fluid
supply to said rotor to thereby drive said rotor and generate power:
at least one exhaust aperture to, in use, exhaust said fluid from said turbine;
wherein



the flow of said fluid fromsaid at | east one nozzle
exit until the pressure inside 10 said at |east one
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is less than or equal to the pressure of the fluid
supply. Preferably, when the turbine is in use, said
flow of said fluid fromsaid at |east one nozzle is
interrupted by said at |east one interrupter nmeans for
a 15 period sufficient to bring said fluid

| east one . out

ately _upstre mof ai d at

nozzﬂbeil Hof 5%5 ﬂ’d'ld P aala@gpastﬂr@f@zéae}pt '%@?Qﬂ)dic@{')br
has antelrup@bidy)at tfast sranmsy mtéihu@mdneamsuhbréweﬁsmgmﬁe

di nensi oned } (gﬁow de, a 4.1 nmoment about said
cent rPSSiT S S ”'dfﬁ'dﬁeﬁ‘%‘ @lg ©NP CYIF 8972 at | east
one nozzle enters said channels. Preferably, said
rotor is s.a plyrality of blades s ed, positioned
and di manS|rﬁf‘?é%ﬁi"zﬁ?)k%?/%ﬂé‘cﬁldﬁﬁPmeﬁﬁt QF%M gaﬁﬁﬁtm%?é"?d
cent rigtweed saiheitl supSl Bh@esiant |fa60oNSAIter Rzzleeast one
nozzl e contacts said blades. 25 Preferably, said at

| east one flow interrupter neans includes at | east

one vane q%fee@mmlaej étwe@ndnmwahé@mert Medis ﬁlb%%rntlally stops
perl r.ot or and adapted to interru

P ¥ ow B MuRhsatiiig Gt Sait 2r SIE A EXSNBUIGNE BressUrs inside
nozzlsickat éasiMdas nsat6l risds tb%ﬁ\ﬁrbs@@cﬂe&’ A8muf pressure, which is
substlantl al Ig I? gnt said af ﬁ a 30 one nozzle

oxi ¢ o R pLaRA R ereth Shipe il e neans | nol udes

a plurali ty of said vanes substantially evenly spaced
apart aro id qu er.i phery of

V0 2004) O IEAHCHIROI00 SFEI08 Sa U8, sher sty nugfigm seic
tur 3I aGedss ongBbdAteid intdrraptbe By sﬂdrﬁﬂle‘ébtlf éne |hterr\0rbt¥r &ledns for a
sai sjtive, displacene ,
comprastiol B iathas s Sl hinesiclel g heam Absaid ahigastons
capaciuter @tzlb%asitaﬁtwuglto fegt.a 5 di spl acenent of said

positive displacenent conpressor. Preferably, said at
| east one exhaust aperture includes diffuser and

expander smteramys, st:l rdfm heaagidraigy bﬁd:mmlnbhé s%pé?cﬂlpdsmoned
fluid ch mai, nta g[}gssure of tB J once
et ioBR PR e SHEIBR DR gBppatd Contrdl s ien

- refrigerant from said at least one nozzle enters said channels.

Preferably, said rotor is has a plurality of blades shaped, positioned
and dimensioned to provide a turning moment about said central axis when
refrigerant from said at least one nozzle contacts said blades.

Preferably, said at least one flow interrupter means includes at least
one vane connectable to and moveable with an outer periphéry of said rotor
and adapted to interrupt the flow of said fluid out of said at least one outer
nozzle exit when said at least one vane is substantially adjacent said at least
one nozzle exit.

Preferably, said flow interrupter means includes a plurality of said
vanes substantially evenly spaced apart around said outer periphery of said
rotor.



10 Preferably, said at | east one nozzle in use
supplies said fluid to said rotor at a sonic or

w@aga/0s920 ¢ vel ocity. According to a second asper/Aud03/001144
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the invention there is provided a 15 net hod of

conmuni cating a fluid supplied by a fluid supply neans
at a fluid supply neans pressure to a turbine rotor,
the nethod including; providing at |east one nozzle
for connunicating said fluid fromsaid fluid supply

means to sgaid turbine rotor hereby drive sai N
foror,  tnePRTRM ST ERSE Ring bl S tiaboip kGodf Wherein seia
| eastfludhsugdioie/ a pustive dizpEcemeanconpregsaii odi cal |y

interrupt the flow 20 of said fluid out of said at

| east one nozzle, thereby raising the pressure of

said fl ui dPiefesaloly, smid Mi@stokmshema%@.eé@chpataeast equal to a

presel eq ted m.n M _pr.essur whi s |l ess or equal

Po e aaPprnant Bt S pBHERREE oedtirt BomBresser r csuming

t he flow of sald fluid out of said at | east one

nozzl e. 25, Ptef.erabl sai resel

pressure ise ﬁﬁ?l?q}"csiaécﬁ%“ teﬁggéha Ep?rﬁﬁ? Hml%ie?ggfgﬁer and
t he |ogahdsaeiiionsgb @ecréysathea/eldﬁtgbaf saidl fitill @nd eZaihtin the
Pref er abl he .met.hod in ratin

i 1 fraects o GF TIRE nb B has S3p B Eh G aa Blani Veiccty.
velocities. 30 According to a third aspect of the
present in t rov ided a

et udi ng SRRl SRR UERsh 8 E REHAS M Bl fo saic
r ot orrotr atib 8gsic canghbeasatiaveeocityncl uding a plurality of
stator w ndings about said rotor, wherein at |east

two of said stator wi ndings are connected to a

cont r ol | abAezoading g sé@nﬁ@@éédbbﬂ%OanMﬁ@@@@&ﬁd&ﬂa

6 sourc

each controllabl.e curr u er ab
cner greBeg REELRERREAThG Stkif s B8R SRl Reams & o i
connestpply. mé%msf;&esémi'alto eachine astor, ¢ld rabthed totuddny; providing at
sour e to ene r. W ndj ngs
© o wiiFs! bre R i coliTahg Saipuld Eord s 8 i Wby dFaps to
pr ededaid mrhnml rote, tnx:thégeby lAried eandh’)bty)r, th&membed@tlﬁrﬁﬁdl@dwg
vel ocj t na.I vel
oper aqro mg g&%ats ogsf in aﬁrélpf Irnﬁ%qa?o Eﬁlodlcaﬁy mterrupt the flow
of said fluid out of sald at least one nozzle, thereby raising the pressure of
said fluid inside said at least one nozzie 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.

Preferably, said preselected minimum pressure is sufficient to cause
the fluid to reach the local sonic velocity at a throat of the nozzle.

Preferably, the method includes accelerating fluid exiting said at least
one nozzle to supersonic velocities.

According to a third aspect of the present invention, there is provided a
turbine including 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 controlilable current



Preferably, each current source increases or decreases

the current through their respective stator w ndings
walepenetdad on a neasure of the power output fPOMAUR®3/001144

stator w ndings. 15 According to a fourth aspect of

the invention, there is provided a nethod of

controlling a turbine including a rotor including two

or nore spaced apart rotor w ndings and a stator

including a plurality of stator w ndi ngs about said

rotor, wherei wo, of said stator w nding

are cSRNEE eea&ﬂ CBHEOI%gE?nQW'@P | Sree eRfrRRIR Lo SoRIpise theegé'ﬁ"”
cont r elindiriyseo eunighetit conmdated. oper abl e to 20 energi se

the stator windings to which it is connected, the

nmet hod i ncluding repeatedly neasuring the power

out put frofréfmbiyt aheT controiking surbahd soiirBe iLassratge tdénergise

t th hth i f e _curren rreasureo
5 power ettt Res o bR 1R Befmecldcaieb e Thios B6F Eedshed =
power pragetsutireddetbeity.easi ng the current through the

wi ndings if the current neasure of power output is
| ess 25 than a previous neasure of power output.

Accor di ng Peeferablyf the paeqme:rtnm:éd \tdm.tly rsémettemﬂnaltveeem/ foP the
provi 1ani c ncl udi ng a
Con,prgglg%]?opgra?pgg?ﬁ/ oﬁ@l %‘féﬁream of the

10 conpr essor, a heat exchanger | ocat ed downstream of the
first turbhe BPI eraleto r%Ject h(eat frog%the )
cycle to ahBtREPY: RRSTBHPALIAECE LTRSS dec{rasss feorurren
downsthreagh théir téseett%tstaamlaﬂlggg déﬁ&d@nﬁ@@@}ﬁﬁbaﬁummf & power
downs of ..t evapor at or and upstream of the
conprélét?g{?ro t& Sre‘a%artd&’ 9% sixth aspect of the
i nvention, there is provided a 35 t hernodynam c cycl e

. I ncl udi ser d WNs reamof
15 b 2004] 028658 TRET ACBIBHBRLOE HveTRin: beear preyide

first nTeﬂTobllo‘ﬁeonthQta m@fnctuhmgcaaﬁ&ﬁn‘&ﬁidm@ﬂWo or more spaced
evapo rst tur

ownstream of the f
seconégérgr ?rﬁ”é”%la%iffc[n%aﬁt%ﬁncﬂwg %9'&'{%? ?fértg%\“ﬂnd'ngs about
upst r ssidratbr, Whersioapeast 0o of @I@Bﬁfcﬁmhﬂhugs érﬁ%onﬂected to a
t her cycl.e further at exchan
I oca?gcgr}f%g%é&ﬁ%%sau?c r%?Chtci?P%P'ﬁ?g ?%“rce Spéradie to
20 evapoemrdrgise tl’tdﬂﬁaﬂmewtndmgsham@&:h it lﬁb@rﬁr@&eﬁ the r’ﬁéﬂh@@'includmg
heat her_ t her nam c Prefera
AT L i T R e e
the bOrepsiegeil agrenattagughiths 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
25 than a previous measure of power output.

According to a fifth 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

30 operable 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 sixth aspect of the invention, there is provided a
35 thermodynamic cycle including a compressor, a condenser downstream of the



The thernodynam c cycle of any one of clains 21 to 24,
wherein the first and second turbines are turbines

wa@ewaneiorgy to the precedi ng paragraphs. 15 AceOTr/AUoa3/001144
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to a seventh aspect of the invention, there is
provided a control systemfor a,thernmodynamc cycle

i ncl udi ng a conpressor, the control system i ncl uding:
sensing neans for providing a neasure of an output of
t he thernndynanic cycle; 20 control neans for the
conpr essor {nh the control nmeans is in

e
co mmﬁ?@'%f?#??ﬁ Irishp%tap% dQuRRrER HREhR soRdeNERE 8N grarpsator
i nput Sovsradtrdaned She msptfurbmawxa BYorRftuiie ddWisiFRaH RAHLC

cycl e_and & e sur gﬁnwork i nput of the

conpr BEPGFaton ‘F'ﬁé’ fARAEROEns i s operable to
conpute a measure of efficiency 25 fromsaid inputs
and vary t )ressor to naxim se said

measur e of @ﬁrgﬁle H‘E)?h%moijl(‘:ﬁo P RYS? fribsr @clvdes aheatgixchanger

ef fi cioesey batwean sﬁrdefd&ttalfbmm 4oy elapolit&f eietlay exdnBRger
t her es second control neans

control em f
30 fo?peéae&tt gkﬁ?ttgéﬂ? g7 BRIMeA8 ¥Ry means for
providing a nmeasure of the tenperature of a
controll ed areak{>J vYﬁere n the second control neans
Yt

recei ves as CEr g first ﬁ%ﬁgﬂgﬁdur%@,reét%qamgqﬁccordmg to the

t enpepratedity piragraphgtrol led area, and is operable to
open or close the TX valve or equivalent in response
to sensed variations in tenperature in the controlled

area in refig ‘dh@ﬂnéd@/nanﬁf)cﬁc@ @‘%Tn '&Sﬂa%lﬂbl@rmsvﬂ to 24 wherein the
2004/f0 920 PCT/ Lﬁ003/ 001144 Pref era

2
second St §E5PN 8°% gretth nels&:gq)r\ggg %@%‘%’e?@ﬂb"‘uﬁ pagagraphs.
measure indicative of the amount of refrigerant in the
cycle which is vaporised, after evapor ati on phase
in the cyc’&%coédﬁ'ag O 8?)"@??%?3'0@%%%%]? Iertieny tie(ryls groviged a
equi vainedt syls@niriur attAsimodgRahicle ivdiudigtes a@ﬁap@fsécﬁrthbh:%ntrol
evapor a ase. Preferably, the operation of the

secont® %PF@B'”Q&ans to maintain vaporised

r ef r i gesimgtimeint gor frodidiey apaeadur® Bf SNaseuti oF tREMEF B Hamic
after_a, predeterm ned delay fromthe control neans

openi #§*%r cl osing the TX valve 10 in response to said

sens esbrral mensook thefcohrpmgbAtwHe@sin the control means is in
corhmunication 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 a TX valve or equivalent 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 TX valve or equivalent in response
to sensed variations in temperature in the controlled area in relation to a
target measure.



Preferably, the control systemfurther includes third
control neans for a condenser in the thernodynam c

W@ y@k®2292he control systemvarying the oper at POIATR003/001144
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the condenser to maintain a required | evel of cooling
of 15 refrigerant by the condenger. Preferably, the
control systemis operable to control a turbine
according to claim 17 and including fourth contro
means to control the direct current through the
stator w ndings of said turbine. 20 Preferably, the
control systemis operable to control the direct

current tprapsrgblytthe séécﬂfdocfon\flfolﬂﬁéﬂ%fuhﬁeldiéaé}%soéﬂ a¥input a
i [ ne. when | oaded. E

mai ntai n the of sa

Pr ef ef'§APY® 'QOEC@“& ffhsnn?éﬂah%f fe‘f"@@ﬁﬁ‘a'%ﬁw%? Wﬁ@am%vaporlsed
thir ldammnravbporat ﬁ@’flﬁha’s@dn trRudycle dHenb lopkn 69&6§e th% X valve or
si ng ontr er _or CI.oprocessor

o1 U aF VAT e e aIoe Ry S g e e fieei@eedien shese

at least selected mcrocontrollers or mcroprocessors

i N conmuni [ Lth ea her to all ow managenent

of the 1 i tarranyehe SPRAER HESGROTIERIRL PER g STaRRIn

30 Acm:roﬁtsétgréfr@eaéht eftenthb sagf®atiorPphdstes pavemed %‘fter a

there | od of controlling a turbine

i ncl uBﬁeﬁat%H“'Psg g?lav it Emb? RENHAS GRS PRERING PREIRHND Hpat X valve

r ot or inwkgisbneg %o Seidl sensetiaiadiationddf tsthpgraturdd! ural ity of
stator w ndings about said rotor, wherein at |east

two of said stator wi ndings are connect ed to a 35

control | abmfauusly ené conftttl 6PsteRaRheroRdticdis!tiikR] orfttel BB for
sour ce Olj? to, WO 2004/ 0229 0 PCT/ AU2003/ 001144 9
raous e

ener gf §8 NAGY D6 e\r\meccfﬁ’mrf’ §ysteabyRIee dhe

t he negdratibn siehaicinagnserdp wediritaig of laguiedd I8@ of EdUliay ah
the wi_ndin order to dynamcally maintain the
bal an&d’ g@&?’i}q WGENSE: Furt her aspects of the
present invention, which should be considered in all

its novel ect s, rent fromthe
fol | owi ng dr@g ?l'i)l}s,ttp%ﬁontroglsy,%ﬁm%, FPl5to SQRFRh B AUBINeY
and Waddordigf ®raaee! 7tandiREudifg TPRANONTE riéa14 tB88ntrol the direct

BRI EFcul?rEe% Irough(a'}le g;tor wnrnggs of said turbine.

Preferably, the control system is operable to control the direct current
through the stator windings to dynamically maintain the balance of said
turbine when loaded.

Preferably, the control means, second control means, third control
means and fourth 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.

According to an eighth aspect of the invention, there is provided a
method of controlling a turbine including 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



10 Figure 1: Shows a prior art thernodynam c cycle.
Figure 2: Shows a first thernodynam c cycle according
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Shows a second t hernodynani c cycle according to an
aspect of the present invention, Figure 4: Shows a
cross-sectional view of a first turbine 20 according
to an aspect of the present invention. Figure 5:
Shows a cross-sectional view of a second turbine

accordin a ect of the present invention.

Fi gur %nqgglsgﬂ&/\gatgﬁ Hiings de whighdtis BPn%%H??eme‘@Pdﬂ'}?@dmg

t ur bi agusing tie @W&t%roﬁgl’gﬂhéﬁvﬂdmgﬂ“lﬁ\/&ﬁd@? tb B dinically maintain the
t her np o| nani_c ch]ycle illustrating a control system
accor‘?ﬁ% &g 3 ect of the present invention. 30

Fi gures 8 - 10, 12: Show flow charts of a nethod of
controllin t her nodynam ¢ cycl e according to i
aspects of 'gi“ﬂ'@r aﬁP%@%H{’fﬂ?ﬁ{Féﬁf‘ igyentigs, \p:;;l@lmﬁgoquegﬁwgered

a di aigrafintsGlovel ;3HBEE AL roe@cqﬁ@ éﬂpé?@nttfﬂ)rﬁme&émﬁﬁg d&dcription,
t he prese i nv Shows a fl ow chart

nt i on 3:
of andVHi E’]Y \é(FYQg %86‘9’ UF’lV‘ﬁ refsrencRdo thegncpipanying
syst etfawiHgsFi gure 14: Shows a flow chart of a
schedul i ng subroutine for the control system WO
2004/ 0 BRI EF DESCRI PTI ON OF
PREFE%E%ZQFE%'WB%%AN? ENTI ON The present
invention is described herein with reference to its 5
appl i cat i _omzﬁu@ﬁ fefShéWéé‘Esh@r“arFﬁh‘éFrﬁodyFQﬁﬁ@cy%@ I'led in
the art will recognise

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 controiling 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 fiow chart of an initialisation subroutine for the
control system.

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



the heat punping circuit described may have a variety
of uses, for exanple air conditioning, refrigeration
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that the term"refrigerant” is used to describe any
working fluid suitable for use ,jn 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, a receiver, a throttling

val ve I an_ev rat or_and an accunul ator.

Sore BRI PRSP HION RE FRRGERRED Bl DulENrs O TRE of

t he elNnvENTIONShOown in Figure 1 into a single device,

15 for exanple some conpressors may al so i nclude an
accunul ator, but the function of each elenent is

usual |y pr &Beptesprt inyaatien jscdascriberheereinmith referdricadd its s
used b ey Vi R i Ver :

emor g Earort 8 A R et Ly e TASSa R i BRYFL A recognise that
el ect %iemlat ewBpigg Cirquilirscairad mayihaveoa variethef uaes, far Example air
appr egd i a t : [ i j -

o Bt Ty e o KR o recoanise
el ect thetthgdem "rgliaeraat’ds uerd taldeserigtany. workag Suidisaable for use
next ihQukh @WiBuifolcyaat punp apparatus of the present
invention includes a first refrigerant circuit 10,

whi ch includes in order, a first 25 conpressor 1 a
condenser 8, j 2N B ; r

and a1 ur b R Bl TP e SR FRAR AR mdy

t he rigeiudgdnreri HEQNRIEALAT @ conslensers aseesiver, arottling valve (TX
ener gyajvd)ngh @@bo#éwﬁédon& bdepdupaner énﬁ‘&ﬁmgmgsb? tHeSprior
of the first refrigerant. It required to result ina

sui t a®t BayeRsIbing twef fracglstieets shewn irgiBigeret1 intsr a single device,
turbi : j 0

one 3 o e e TR o ace oyt e

t he tUPsligieofBach plemeaskis uskBboRraesnt & thesirewit-bi ne 21 nay

be designed to avoid cooling the refrigerant to the
poi nt where drops of liquid refrigerant formwthin

t he tur bi néhetermatiirking’ds Hegd brirge desrribeer daving which converts
sur f kbR : j i .
crod TNt el S A0 ) Bilgh Vs e
WO 2004 20 gAbagresyi ateioas 3y eee thesnenay is Fravirgd in ¢lecttiead form

of aptf%Qlﬂ’f’bir@trﬁéWinElggf‘étsuﬁ?SlgEie@@ri%_ptOQ/ngélﬁéetHFBr diffnator,

rotor blades, to allow condensation o
refrigerant without damage to the turbine 21. Those

tsﬁiel lr :?r : gg%gmr@rﬁex‘(‘fol Hig@RR £6dA LempgplrAiabd the B8kt
invention includes a first refrigerant circuit 10, which includes in order, & 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.
[n alternative embodiments the turbine 21 may be adapted, for example



5 passing through the first evaporator 5 will affect
the heat flowinto the first evaporator 5. The

wO0 edogiogpe@nt | eaving the first evaporator 5 paBGEAU2003/001144

through a first accunulator 6 before returning to the
first conpressor 1. Those skilled in the art will
appreciate that the receiver 2 and accumulator 6

provides the refrigerant reservoirs for the circuit.

The accunul ator 6 is shown in outline to 10 represent

the option that i of . t he conpress

et er PGB BS Big 6 0P e sh eIV S Gontispine rotor blades,

accor ti alpw @nkbesation @f gt refrigeint Witiout SamBgufy thahinhe 21.
includes a first refrigerant circuit 300 and second
refrigerant circuit 400. In a preferred enbodi nent the

second 15 Tebsd geifeant theyat Rill4BratRite Whth lthaht@@ of the refngerant
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may be used. The second refrigerant circuit 400 may be
controlled by a control system as described bel ow

with refer Raieerlrtg)toFFll@,uée @n altérnétﬁ:@theéﬁﬁumb@b&brdla to the
refrlgera | .cul t

e co
ont r GF R et s SBR Wbk baeRedr ot bopRbarat 308 anc
of t hseooall refggerant cienit ¢00.NMHh % bﬁ@gﬁ‘é@iléﬂ%tﬁﬁhemfthé B&cond
f t .circ e abov
or ef e TP FUEIR OB 5tEY Indlids Bhp AR ety sernulator
ref ri genpesscenéerlenser| feeeidér ﬁdamviﬂt@(nto@fig%\b}? arranged m the
eas ower

f t t ha
e FaHp Bitef abE Beroriias (FEieuBTaiia SaRe dinign SR remgaration
condemmn 0B prloﬂ agofMae esbmdi rﬁﬁn@b&n@ﬂ;ﬁév@ﬁmmng point of less

compr BR8P oo ENdE el U B ok iaRR=Ton

S§APNErefEperept may be

35 geRe2, EFK'BAA: @ﬂﬂ3¢2‘tb@ugﬁhﬁ)’s€&ggj/@%tﬁmé agetg ééér@&i%tenfﬂﬁt
b
neT) s Risius Mt Slitanly PR EBEPanE Hekeeedkizs, as

t he condensi ng tenperature may be as high as 180C and

5C d 10C,
tner aby - pREPGIoR] "o PaPHLS R ALY B8 SanrPlscciit s apntrol

system as described below with reference to Figure 7. If required, both
refrigerant circuits may be controlled by a single controller.

In a preferred embodiment the temperature of the refrigerant entering
the condenser of the refrigerant circuit 400 may be above 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 thermoeiectric 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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exchanger 304, an evaporator 305 and a second turbine
306. The expanders may be inclu%ed on both the input

and output sides of 10 the turbine 302 to reduce the
density of the working fluid entering the turbine

302, and to assist in maintaining a | ow pressure at

the o tpu%_of the turbine 302 after the working fluid .

r et ur Iogragtsshis & 1¢el cthepondepsipgpapeaiaiurg may be as high

enbodagrest 4R thE BAASR At TFRY MBI btelfWéent:@ceanua 0P®, thereby
increase [n the pressure of the fluid once it has

decel erpxkdé@%'@rgéfgmsgaﬁwe diftarentiety. Wt hout 15 an
expander the pressurg at the turbine output would

ot herwi se |se i mpai r_the turbine performance.
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the turbine 306. The expanders on the inputs of the

turbi nes 302, 306 are necessary to |ower the density
of the wor KMhEXRANGETS 7Y bR '”Pb‘déﬁf’@rbpﬂ‘gth? HwUt ﬁmq)ggtp@,tfades of

the t thehiibme 30028 k&iucdhies HavdRYy oﬂl%S/l/drh(ng\"ﬂblH eﬂtérﬁ@’tf?e turbine
Iargeg throat size at the sonic point o

t he work
f1 ui a3 @Adnessistin meintainiag @lew .%%ﬁsurm Fithaentautef the @%me

rate sop aferdfe wrkmgqluih NS ﬁﬁé@@bs@ﬁlc'\.‘élcﬁlt¥ In a preferred
i Ci ency | deal | he mass flow rate

condi ti oni.n Jg
shoul gMBed “P"'%E %ﬁép%&de\my&”%reéﬁﬁép?réﬂ%%'r\ﬁfq&’ﬁélﬁthﬁhe

I Nt r oghdgdiredf e fRRCHhcetittidyl dtRelehdted HESJJB%%HE%)H&N“ Without
cycle. The volunetric expansi on before the nozzle

t her efbPEPANGRENE PreRsUERANe {Hrbine PHIBULWPW REhervise dsaArd

al | owsnpairltieé afine Bedorriaptenozzl e throat to be used
wi t hout inpairing either the 30 subsonic/supersonic

transition of the working fluid at the throat or its

mass  fl ovExgdngers! (Rof sMWRY Friah) @lisotdd |ﬂEIUéPéd Yol 6} 85t of the
one of either the refr| erant cycle 400 and condenser

304 nlﬁ?UtlﬁQdd}HtQL{t gfthegsc BiRing §9& gdlte expanders will include a

PCT/ A4 Q853 /fA0d. Aerdgerdrt |é:b|9:w.ﬂ£m§ 2% B@YSFschid éHé%ldQ Quidf.the turbine

Sk Y ot ol 0P s PR 3hS e pegersen o

21 magwat e dedsity of the working fluid prior to entering the throat of the turbine
nozzle. The lower density will allow a larger throat size at the sonic point of
the working fluid and hence maintain a critical minimum mass flow rate so as
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 nozzie throat to be used without impairing either the
subsonic/supersonic transition 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.
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upstream or 5 downstream of the conpressor, wth
expanders provi ded about the turbine 21 if necessary.
The turbine 21 includes at |east one outer nozzle 22
nmounted in the housing (not shown) of the turbine 21,
whi ch has a convergi ng/diverging section adapted to

accelerate_the refrigerant flowing through it to sonic
or super sbigHEe 4 peawsa turbingBd suirbledie use W'?ﬂ the Hert mugp

bel owappdraiue @ESHBRE ¢ fefatioh %o FRBredSt, R8T TAE 1#binBSAtmay also be
punp circuit, such as those déscribed above, in which
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i nterrupted an 20 interruption neans.

pr ef eP ésqnl’ﬁ dpti on means are expl ai ned beI owW.
Those skilled in the rel evant arts nay be able to
identify alternatlve means interrupting the flow

from an ouf & tYipe L& 'SZ%SCAbqq ‘?%‘?W With sefRRICE & ithiesmas part of a
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flow é@:ilffdlﬂmg@ﬁer%%@bow&z él'lcﬂvv?g??a VP‘XQ)’éIvettB%e\@ﬁlﬁeJ frbﬁa the
proxi mat e t E?Seaék‘ nozzle outlet 12. Those skilled in

the ¢&dvd ledip e byt qepeciate Mt owﬁéa@calsatfons for the

bet wegbibtd121 8 postibld &R BHf BE W@)ﬂér&%ﬂuld #rayan thdsBRmiRARSents
7 is exaggerated in Figure at thé actual gap

will Bes eQWﬁrPu'%@?ePﬁsterrupt or significantly
inhibit flow fromthe nozzle 22 when the vanes 7 are
adj acent the pozzle exit 12. A second interruption

means 11 miyP TIOW fraefeeagh ouies ppaimee & neyiodisplyy inteswpies Ryean

pr oxi iereiptite medhE ! T\ﬂ@g?éf@rréwhﬂeﬁh fleh méass %@B@lned below.
2920 PCT/ AU2003/001144 14

t t WD 2004/ 0
roans TSP R 4 Godre T AEmEIey i 1SS diemainageans fo
for exneipeng BR flow from an outer nozzle 22.

A first 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 nozzle 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



simlar in operation to an electronically operated
comon rail diesel injector. A refrigerant storage
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entrance 14. |If the conpressor supplying refrigerant
to the outer nozzle 22 is a pQ?itive di spl acenent
conpressor, then the refrigerant storage vessel 13
may have an internal volunme at |east equal to a single
di spl acenent of the first conpressor. The refrigerant
storage ve reater than
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speeds. Th erl og of tinme that each vane 7 stops the

flow fr om ansks§e8og ke rHpligR SR 16@"%1%&’ the flow of
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speed of e rot 23 and the | engt e vane
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The period of time that each vane 7 stops the flow from the outer
nozzle 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.

In other embodiments the second interruption means 11 may be
capable 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.



refrigerant while still allow ng sufficient
refrigerant to flow to provide an adequate overall

wheai/ozsor ption effect froma refrigerant cireCi/AD2003/001144

5

10

15

25

30

This may 5 facilitate or assist the om ssion of a

receiver and TX valve fromthe 5refrrgeratron circuit.
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of the 30 st %tth&nar% refri erant he outer nozzle

t

22, APUENCR! ARGV e PRYEPASY hesRIPRIGSi AN e

th ? t entBalphienarideds 6ol Imrﬁquhcarﬁ ar‘sbabtena][é@rtuatartﬂe fpB6od of time
refrigera resse ensates for th

expan\g ph&frefc‘rﬁé gg 'T’tﬁgt’%fﬁg ! % g ip §°m8érrb?°é‘ttP6'?F fpe in which
wor k tﬂtufreﬂﬁrgeﬁahﬁrstallﬁ‘Red\/&ﬁﬂfb\ﬁ lteartBe Setdriortioh irf bviNGass flow in
V\,h|chm% e: sc‘)qpergselectln the ratio

of tifE f?ﬂ‘gc“tﬁh’t g W*t"ﬁ'é i3 SRSl GetipEal.

in which the refrigerant i s interrupted, then the

ent hal py . . .

The Applicant further believes that an advantage of stopping the mass
flow through 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 flowing, 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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process may becone substantially continuous. The
wa\ppkiozand believes that this may result in aPCT/AU2003/001144

i ncreased extraction of enthal py fron1the wor ki ng
fluid over systens of the prior, ? 5 Those skilled
inthe art will also appreciate hat the timng of the
second interruption nmeans 11 nmay be controlled by a
processing neans (not shown). The processing neans

may receive |nfornat|2£ on the angul ar  position of

the t GFBRHEN PEGES D8 Sﬂm%ﬁyb%“ttaéw%mwa% Thgifpplicant

pr ef elbah&vyésftﬁe@ Ifﬁ|§lmabaééult6ﬁ Eﬁ%cr%&@&tr@éﬂo‘ﬁ'dﬂehﬁ%lpy from the
nmount ed on turbine h i?l n (agOt shown), 10 which

may s&RENG %‘SPY%ftﬂyéteFﬁ n the rotor 23. The

processing means nay also vary the speed of the

turblne ro ng.the opening tinmes of the
Ssecond i nt gﬁ?%é@%ﬂﬁ"%ﬂ? }%5' q$ne? nﬁ%@tﬁéh%fé%vmwg of the
shown sb@dﬁdﬂﬁteﬁnptidmhééﬁ 11yiday BE ab6trolibd by ANirbedtsiyl rﬁ’éhns (not
t he Ap réag_ﬁ_@has found that interrupters as describ

above® FTORSSEING MeANp ayUPERive WEP"[I@EO'WPF Fh%"l’rlﬁé'iar

r adi a|po§1ycﬂ€oftthlé Rirbife @861 ZNFom Pl suRNRAReBns Wﬁré@rﬁgi froma

in au&1 lﬂorlfer%e turboch %'gers as is shown in Fi %ure

Ref er 'R FERSOT B YR mountgd of thefupiRg Deusing @ohghown),
10rotor WB&A méij seheu sukBblandeR\hatd of td ot 3t YTHRf processing

subst anti awé |raI shapeggghanne s 602 |eading to a

cent r J1°@B% OMREY therpeB th‘?ﬁ‘érb!f@rfﬂoé??’@%l’{aﬁ’ﬁtg the opening
aper t tmes 60BerByoheintet@pteral. of the rotor 23A and may
extend substantially in the direction of the central

axis of the rotor 23A. The cross-sectional area of

each channglhil6®2 tuBiye RRGHIFTHHEWY hERRE BATRPISS WBEBIAB
inlet 604 and atFlﬁ%pP et 605, 25 Preferably the ratio

I50f t h&HjedLlgR 28t Nplpupd that MY HALRE 3 EssHRpd aave
subst art 416 b&ﬂl&ﬂdﬂy fuitet €8 Usd Wit bORP IRl KRRt EBIHeCdesigns, for
operation with mninumrestrjction to the flow of

t he wS¥ETRIG ”qusltﬁed ébatﬂ@mv\ﬁ wbb%@%@eisoaﬁsgshownen Fignee 11.

centreline 606 of each channel 602 may |ntersect a
radi us 607 o{ the rotor. 23A_on at | east two poin

608, 609 DBEEREENINLO [oUE: S 682 aberaatrdutiing for g is shown
20 f | ui dad having & @Wrﬁ&ﬁﬁﬁ@@s@%tr@lfy@p%l éﬁap@@}éhﬁﬂe@e@ leading to a
A I T A L A o
central of the rotor 23A and may extend substantially in the direction of the
central axis of the rotor 23A. The cross-sectional area of each channel 602

may continuously decrease between an inlet 604 and an outlet 605.

25
Preferably the ratic of the area of the inlet 604 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 802 may

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

A fluid flow, represented by arrows F, may enter a channel 602
35 through an inlet 604. As the direction of the fluid F is changed within the
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change in nonmentumof the fluid F may result in a

wo owoniozay20 f orce on the rotor 23A. Preferably tP€r/AU2003/001144

10

15

2
hn

35

turning force may be transmtted to either a suitable
el ectrical energy generator or any other suitable
mechani sm which may be povvereo1 by a rotating shaft.

It is preferred that the fluid F 5 execute as cl ose as
possible to a 180 change in direction within the

chann 602 in order to maxim se the change in
nonenﬁ’l?ﬁpﬁlrﬁpztth% FRangedn Mesnestip g the; fivishly may resyltina turning

r ot or forsdhon thBQotoPLIN. RRferBBY tHeetukisgliordd RaRBe transmitted to
electr ni c s? nd i nterrupter 10 nmeans as descri bed

abov eShaT  sHERRE elReigeal SHeTaySenprRtanRs 8y Other Fyitable mechanism

r ecogmiiae nfalyébb poWéﬁad By & PAELrRNRM] nﬁabfefém tﬁ&@tﬁé rﬂgud F
610 between the channe| entrances 604 as

i nt er?)i?ﬁt”@rasn%%ﬁ?sas gqs& ledo 1SR wBange ;g,d,trect;on w:thm the channel

condi §020RiohgEr & FiakigfsPthe QR ingmordenarAidthertRore the energy
refer encedgté?v]tpar row 100, according to another aspect

of tHEWARE e 0!RRM-i on. Like the cycle 300 shown in
Figure 3, the cycle 100 may differ fromair

condi ti oni frigeration cycles of the prior art
in that th 35 %n'?ﬁ YAV BlECEQGBRFONE intprsupter

cycl esesis é%sl@ﬁbé& atﬂfvb; alfﬁé)ﬁgib&ldéglskﬂl@@m theart Tl MRbyfize that
is reglaced b in this enbodi nent

ch
5 | Bafteonerobediments the sena a0 Reyesh hecaporarbances

122. 493 mgy banilantiner PRl Mebhd.C generator 103 may
precede the condenser 105. 25 A second turbine 130 is

pl aced between the output of evaporator 122 and the

accunul at oFigdrd§. sHosR MR cohaﬁlanlﬂgﬁeﬁllé&*éhbﬁ cM@%@HéraW e

pl aced, abouyt turbipe 130. This Is to ensure

densi E{Freficer by apsIi Onga‘qutﬁ'ﬂg toemcglﬁe;r,?épgqrqgm%orgg@t, s
suf fiigieiibhy | ow, so as to allow a sufficiently |arge
di ameter nozzle to be used within turbine 130, w thout
i npai ring the 30 supersonic operation of 130, the mass

flowrate LOFEe ﬂwb&by@ﬁ%b@@h@ﬁn it igGread, |t|ﬁélcyoﬁef fGOCmgﬁ‘GMer #om air .

secondar X P?Q}g }éﬁl e ref er enced arrow_2

cont &°RY '8”'H%8f TSR FIF e%@i”\mf@ham 'Ihé‘x'/@eé'%\é?h\@eﬁnd

114c rapslver dommsorneake bﬁl&%fﬁl@“fﬁﬁ(&%ﬁ Ry ideUmitte® The TX valve

pri mar ? |eb100 to, ens t he tenperature and

pr esds ¥ %cled yaturbine 114, w in this embodiment is located between the
condenser 105 and evaporator 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 expander 114c and alfows heat to be removed
from the primary cycle 100, to ensure that the temperature and pressure of
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entering evaporator 122 is sufficiently lowto all ow
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secondary cycle contains all of the -essential heat
punp conponents described in th% prior art cycle 10 of
figure 1 wth the additional controls referred to in
figure 7 and described herein for 5 cycle 100. High
pressure morking fluid my exit a conpressor 101

t hr oug}?t n‘lgr essor discharge Iine 102 in
subst W%{k RRTINGHRYSROTSIAT 1RA 8 iiﬁfﬂ%?nﬂyéow to allow the

t her megiceat 6pe¢aﬂﬁrtﬁreaéwratb9$2@rTﬁ@yed%ﬂa§ryfct/énalcehttaﬁs%u%f the
condenser 105 The 10 thernpel ectric generator 103,

i f pr&s¥Ehtia WFéilpﬁdﬂ’%69’@8%@’%#%P%tﬁ‘éh@e“%ﬁﬂrbﬁﬁdelﬁféaff'QUfe1
whi ¢ hmmm@@ddﬁmwdnwstr@fe&eb kain ARl AERd QESRBEd %@@n for

t hrou a %)C to DC converter 104.” The condenser

r enov %C’%ég fromthe working fluid. The anount 15 of
heat rejected may be controlled by the speed of a-
condenser fan 106 which blows air over the condenser

105. The spEEPTEFSUHWOLHISIRIRERY £1iha FomPmspor HY through a

det er bmig@sEr oﬁec%éfgeallﬁb aoshes @u@eﬁéM%H}QngL@ Qﬂéé@él‘ncﬁrﬂay enter
by a master varijab speed drive 109 t hrough

commﬁ.tf&%{mosﬁéf”ﬁgﬁnerf@g 10%@@ MeX PRgH Pféa'gfﬁé@a coaﬁqzwr 103 The

10 I ncl ugRMssIEER® éné?rQifot'V\@:I 8f ér@s&‘@%é;ﬂbm&lb& 8§ RRedbiebe Dte
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d f t d
100" nA BRI EGRHE SR ApAIGN Yol9S PupbfRaripuch o

to progceed béerBti@n on the tenperature of
refrigerant into the evaporator (T1l), tenperature of

the refrigerant out of the evaporator (T2) 25 and

t enper at ur Elfh@fzo@efns@rx‘l dsl r@&obé@h@(%ﬁftﬂb%orl(ﬂ&)luld The amount
respec [ velé%g%A further thernocouple nd

pr essﬂ pd ey bReonirlied hydhe ﬁ@e%q&qﬁnge@er famE06 which

t enpepRve @eﬂtherc@ﬁééﬁser 65t 1ige ¥tk dend ddden &S | B®may
the turbine 11 measuri ng the tenperature and

press ?Qet@fm'f“ﬁg bM@rV@F'ﬁ@efSP%‘? drivg Kt ePntrRied R arpRsienHariable

and seﬂo&@tcﬁdemegm% Hi& @8mirlinicBBorYmke 08t TBe $8fidMa5Seed
ari abl e speed drive 109 may estinmate

the d %nf@['a?'u IRSUNBPIRISA Waﬁtalcantéﬂttwf?ﬁ@dtqﬂ@q trngeReer fan

114 byom software | ookup table and may adjust the

speed of the conpressor 101 and/or condenser fan 106
and/ or evaporator fan 126 to ensure that it is

suf fi ci ent friie h2vtek hadabigpasarpive 10995HyNScIbdY PeERodddBle inputs
110, 111 and 112 to provide information on the temperature of refrigerant into
the evaporator (T1), temperature of the refrigerant out of the evaporator (T2)
and temperature of air exiting the evaporator (T4) respectively. A further
thermocouple (T4a) and pressure sensor 115 may measure the pressure of
the temperature and pressure of the working fluid entering the turbine 114.

By measuring the temperature and pressure of the working fluid
entering the turbine and selected temperatures in the cycle, 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 passing through the
throat of a ¢onverging/diverging nozzle 117, which feeds the turbine 114, is at
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Expander 114a further reduces the density of the

working fluid entering turbine ﬁg4 The soni ¢ wor ki ng
fluid exiting the turbine nozzl € throat may conti nue
5 to accelerate in a diverging section of the nozzle
117 until it reaches a supersonic velocity. The high
velocit morklng fluid drives the turbine rotor. The

t ur bi AEUPSERElY FARIC ¥elpgila Expandergh? 4é>f‘a'FHﬁr eediees fhecdansity of
gener gk QVorkiMd Auid eptdring BliBink0 1@oupl i ng 120.

Accel eration of the working fluid within the nozzle

117, preferably to sonic or supersonic velocities,

may cause i‘ihef &ddic WBrMIrfgSﬂLﬁ&@SE?ﬁ{gathért@rbﬁh%%ozﬂé@%é‘f Bay continue
removed from t he worki fluid as a

Energ% ¥ t hep S

r esul P aFeleEse N divergiiosecion 6fdaﬁ neEe  {if Hntﬁét rgaehes,a
n1xtum@aﬁodb@ﬂbd?IOC|ty | ow pressure working fluid in
both vapour and [iquid phases is passed into an
evaporator 122 via expander 114c which 1is designed to

prevent t henamigh 'v@l@cft;l WhingTRRSEHRs IO Bihe G ahelthBine
wor Ki n Q flurd dec{ewer ates having had kinetic energy
1t

r enov®aY FHEHF (92dy BX#EPI¢ PN eleqtric grnesalen vip g ptable
expangigiplidd 420.may al so 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 g¢delergfin of drBwERINgFREPWRNIA & ndAzM ‘F?hﬁreferably to
warnmer air 124 outsjde the evaporator 122. The cool ed

ai r 135 GRPURE"SPRITYE "“F? JRRY FRYSSE 3 it i ismpersburs ang

evapograéfure fErerdy?Bay THew sPRabved frbhﬁh@W@ﬁ@fll% ak @ltesult of
126 nﬁ%ﬁbe va [ ed@ﬁé a furt her vari abl e speed drive
C

130 QWF@d o49 ! 19 nput of the evaporat or

fan 126 and controlled by the nmaster variable 30 speed
drive 109 fhrou omruni cations |ink 108a. The

speed of t Q"Xtﬁ&aﬁi‘\‘é\‘@ﬂoqt&ww?@sﬁ%f? Wssking flviddn peth vapour

r es pOél‘&lelldu(d ﬁHZa%eﬁlrs%sb@d IeiTBe bAdparstoP 22 (iB@xgardet 244c which
over evapor at 122. The accunul at or

1
my " oA OER BN TSR N e g i gD flagu snaARhe asrking
|1 ; gev@}ﬁﬂdﬁeﬁhﬂ@élh@(lmg Pag Rinktic BAergl PerROVERINRSTS Alby itiHBIAE 114. If
nec%sgacr)(/: H’ae expander 114c 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 from the
evaporator 122 by an evaporator fan 126. The speed of the evaporator fan
126 may be varied by a further variable speed 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 liquid phase fluid
is evaporated prior to entering the compressor input 129. The accumulator
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of the prior art. The master variable speed drive 109
may control the speed of the 5 gonmpressor 101 to
optimse its coefficient of perfornmance (COP),
substantially as described herein bel ow, although the
TX valve control will be omtted due to the

elim ngéi on of the TX valve fromthe cycle 100. If the

t ur bi he® TRY 2[S9 35 PSP MPTIERD Byid cegereol to gRmasedhe recever used by
then &dife 40 ceh@idring #éfrigenagsmtRiesle? thamerkf. ei t her of
the DC or AC type. Preferably the generator 121 may

be a high voltage DC generator of the order of 670

volts out pwg mabt@r Vé}%bﬂlaf @ée%'drcfme Q@g ﬁwa%rct%nm tﬁ@‘éﬁéed of the
output 114

ed
o P htoripresea 0450 aniToe aéeaefawem@f begoTB GROR) dhbriantially

and Cﬁ@a@s!chbéd heelratdion eﬂﬂhngH fhe TOOVPE EBRYOPRIINGiBYY due
power, to me I.n di rection, thus avoidi ng any

f eedbi@dRe § ‘%O%BQ\EP( VELYS FQs f"l?éyﬁlén@pat or 121.

Those skilled in the art will recogni se that the air
I tioni descri bed above may be nor

dit
cnor oy of t§ eCHBITa i [EREYE08N S50 Gt Geteratos 12 tien e

t 0 engegyicdlgeayalied2byndyes énwebbnﬂew@rme% U5E8@rably the
the t hernoel tr| C generator as the control

of t hESNEEHAY L2umrY bR adion w'@gﬁl% wqrﬂerofdbmqer of 670 volts

Coef f p@xp@tntin €e d?@ifefr@!ﬂ '&Eé@ﬁhe B¢ @eweSofpdito 148 n%V’Hé @oupled into
ms illustrating an exa 2

he. CORMR T Bl COpy et VDl e e B Froish 2 dode

t hat mcd@ﬁcmrédwmc&lrwt VK f8Y oRD afibw p6\$98rdt'otﬂoWWh Bfe
cycle ch as t he described herein_in relation

to Fi @[ﬁcﬁ%n th USzaVO?'n amsfséssﬂb%wémw%f i1AE tQiterggnerator
those1mf the prior art if required. The process nay

be controlled by any suitable mcrocontroller,

m croprocessor or simlar having a control output to

control t Mehddeiskies irdihalarofil aedasEh@é trﬁa@meré}} é&rdutr%ﬁmb%cles
a co restg#?ql:or clarit t he fol

descr €T OVP dNaYSR& MEF ?'1‘%{93’ %ﬁ'C'ﬁFHP%W?éf therPriggpart, due

been M%drgyR@&WeFédW@y ﬂh@ tﬁ*bﬂ'iérﬁdSWh@r@ L@@Wethe %r@nbelectnc
bef ore e@cutl on_of the cont

i nitiSNCEHPT R V‘@eB@?l”F\eeC%SP' éhﬁé?me%ﬁq %pﬁem @Mlmlze the
sel ecévesalf Cogficient 6 PeAGInRES and counters may be

initialised, typically by setting to zero if this is

Figures 8 to 10 show a series of flow diagrams illustrating an example of
the computational process of the present invention that may be performed to
control an air conditioning cycle, such as the cycles 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 controlled by any suitable microcontroller, microprocessor
or similar having a control output to control the drive signal of a motor controiler
for a compressor. For clarity, in the following descriptién it is assumed that a
microcontroller 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,
registers and counters may be initialised, typically by setting to zero if this is
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particul ar i nplenentation of the control algorithns.

woredoeeiongy to Figure 13, a flow chart ill ustraPCTgu2003/001144

possible initialisation subrouting is shown. The tine
intervals at which external devices (for exanple 5 the
conpressor, TX valve, condenser, generator excitation)
are serviced/optimsed are entered as DELI to DELn.
For the particular heat punp that is being

controlled, a | ook- g@ table is determ ned and the

ent ri SAUEY for theyerrticylydmplementatonsf theesongphalaeidhneors
to COPn) for the heat purrp when operated at a

specific t ratur ifferentials across th

evapor at or En%ﬂ”gf@)':e Qiljreﬂé 21QW chrt iflgstyating ad?q;_ss@}q igitigipation
The rrwtrromrr@qsess@mn Mhiye fra@dwtédvéls%& dhRh@ikietnd \Weliebs @Wexample
The s s whether the m crocontrolle

tc e
aut o ?QTW?SSQ& ﬁjéﬁm? CoRYNGPL |9ﬁ@?r6[£9t’ EXEIBHPNIATE of t he
cont r eérvip@d/apirhiees afeDéntélde REFELIDGMELNT I r gy ;Ereﬁ'ﬁéulé@eat pump

my. ol Gbis A NAL IR, AR WP AREEEINS anadie g for trgel

t abl ecoesfididrasnof @ﬁﬁﬁﬂaiﬁé@ @F"‘[Eto&lﬁ@)ﬁﬁ)ef@r ﬂw@%@f 9l§rH6 When operated
differential.s T3)(n) and th

assocfd &rf f'&r‘@%f’er@% feé\tl?é agosgér,zq BYapRrRier ((EbT@j@)?}o (T1-

10 t o COPB)(if)pbrelusiered. t he ser vi ci ng/ opti m sation of the
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heat punp (see herein below). Finally, the
m crocontroller sets a flag that dictates manual or

aut omat i ¢ Tiepei@bprotedsassdy esud he s@t@bf«@ S\{chl’i HE/1SWinkGlvitch
s as inputs

Croc roll er rece
R TR S A S P M T
ev aposat/lomg/Bbtlmtsbﬁorﬁ eifRe cahtkdl arimdtére forehe hasf @IMp. The current
| eavi nt%wr} qf;@ L r and the corré)ressor nmot or
boner SBigic! Bk PRS0t coraE s 41 TRESET g% diephe 1ERg and then
r equi ingidliggat or speed i ncrenment K2 and required notor

speed decrenent K3 for the conpressor and an air
conditioning refrigerant constant K1 are also

ent ;er ed. KA ldﬂk&'urbt@blé&% Ehtremf&@féd@@ﬁ EHel’@ﬂ!ér@H |té’m§é’rétl.¥*$‘ Bifferentials
parti ndi ti oni cle and represents

Phe. 1 HArBhRS g RO b i Fier Hira g st caedtisevapinasiormance
chan ?eopetw\eepnmar asna?lnTﬁ’e sé‘ﬁ%in@%p‘h@%h&@@f ﬂthh%Qt pump (see herein
i npu cont r ol

i 1 Pl THRITER PErogneiroHs! Seihed saNTa: dlies megUgligUomati

used werémmkoaspd an e safuses prrglirg syeef fici ent of
performance for the heat punp in the stored | ook-up

The microcontroller receives as inputs the temperature 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 speed
decrement K3 for the compressor and an air conditioning refrigerant constant K1
are also entered. K1 may be determined experimentaily 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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instead of working to a target COP, the 5

m crocontroller may incr ease/dggr ease the conpressor
speed to maximse the COP if the COP for the cycle

does not just continually increase with conpressor

speed. Those skilled in the relevant arts will also
apprecj ate that varjables other than the tenperature

di f f dREIRCWheErteR sorffider\PA peAMen corRPresentiston Meet lifted per unit
requiw@dinpl® If Tl - T3 is less than or equal to zero,
the heat punp is not operating and nothing further is
done by the mcrocontroller, which returns to the

start of [hhg aﬁ’tb@ﬂhi/é Emboéhheﬁtl instebd df \voBikifgiced térgél@OP the
zero, the actual coefficient of performance

whi cHMicEcpRieller BiaYiEeFReAdNFrRAge e FABPIESSCT speadioRaximise the

KWL (D@P(FfCtﬁ@Wfo&ﬂ@éﬂl%e&%o?ﬂ%dnﬁﬂuaﬂy inereddeRkiticompressor
K1l T1-T2J measures rel ating

the GUERtit TB@S% fﬂ@'eéy% Fh@ @@V@W@r@dw%ﬁ@%aprew@mhat vﬁmbles other
may RRang§RAembera@AY difRAencBechRE ehdle dpordtblRsy bé Bed if required.

presently contenpl ated 20 preferred enbodi nent uses
nmeasures of tenperature difference to provide a

nmeasur.e Oflf the Tesefdss thapsr éq'ﬁéﬂ%fz@l‘d % At bhﬁzpsyﬁéﬁﬁﬂeratmg
as te tur neasurenent s may be rel atlvel

iy
obt ai REer isglong by ke V‘é:ro‘??@ggkﬁre‘éfh'éiﬁ r%ty@@éfmhe start of

per f Qh@rarg@ﬂtrfmylf e _ureeid grédér thah 24r8, thBRcRMPESMRH Bfﬂ
25 The computed co-efficie

to the conpre in
of pé?‘ef"fBFngrl‘ﬁ,eeééf%ZWlagh {srkased oRYe waaswed yabies fbi2 "and KW

coef f.s@@mﬁmteafac&ﬁaﬁngﬁ@r@a@@owl If the value of COPI
is less t the conpressor speed is increased

by K2. Conversely, if the target COPl is greater than

the conmputed COP2, therominTarepkws decreased bysqiftion 1
K3. A delay subroutine (not illustrated) is then

executed to allow for any lag in the response of the

cycle to th@echangfes FelSMFRREESBNL anﬁ@SyclJﬁethéeeMbre@,Qor work
time delay can beéfdeterm ned exgerl ment al

by
adj udERHERY ks USerdl regifest i prebisieaaringgl fﬁd?rrémlt@owﬁmplated
K2 anglefédeaRehbBBiRfmt USEE MBSSUMBXbftBMberature difference to provide a

measure of the useful heat transferred by the system, as temperature
measurements may be relatively easily obtained. However, alternative
measures of system performance may be used that relate the system output to
the compressor input.

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
COP2, the compressor speed is increased by K2. Conversely, if the target
COP1 is greater than the computed COP2, the motor speed is decreased by
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 required
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 cycle to return to steady state conditions. Any
suitable delay subroutine may be used to achieve this delay. The delay
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del ay WO 2004/022920 PCT/ AU2003/ 001144 23 subroutine

is conpleted after any control \Aarl abl e i s changed

bef ore anal ysing and varyi ng anot her control variable

to ensure that the systemrenains stable and/or to
ensure that steady state conditions are used to

provide nmeasures of the inputs to the control

al gor ?Liebﬁﬂ%t'neﬁ eorBRlgtegtatishapy cdiol Yasiabla igshangesdeferg amalysing

be pesddvdrpidlg RAbIneHESAol Var%blepcb %ﬂgﬁr%rtﬁétriﬁéj sydtd¥R remains stable
i nter "Hjé?%econtl nuously with the appropriate tine

del ay? @ﬁswééhafé&ﬂdwéfat%yem%ﬂ%\s %f Useiorsenidemeasures of

basi sthe it & tBe %B@Mﬂ a@oﬂﬂﬁw@“ﬁfe‘ SRR %@HMI ‘élgonthms may
algorithmto contro peratjon of

if ong® P@%F@Q.F@@gdlpﬂlyﬁﬁ@r%ﬁr mmgaﬁﬁlmepﬁggr\éqﬁ,tcpgqlnuously with
al gor the gbrepyiat thee b@aﬁ@é’cb\)eéﬁi ehéh 8htrof BfHld & drA®5éheduied
device that perforns t sane or simlar function to

a TX ¥3%e. The microcontroller receives as

tenperature inputs the unsaturated 15 tenperature of
the air exiting the evaporator T4 and a constant T5

r epr esent i YR LERRVYSREIraMaiRied A stivhplgeritamde gorteo! the

t he t&gapaticat aireT0balidl6f onens bidiehlivttd Rlat blk@p. The control
evapor at oé@out put. It also receives a pressure input

r IBPEEBAPNESP he applisca ey GP”tf%‘ébkﬁ/&eNiCﬁ gweruperfarrrs& the

the eyRDbEdiRNaiGUh&Ish to @ TXRARUN ement of the current
status of a TX valve or equivalent TX1, and set 20

steps K4 and K5 for increnenting and decrenenting the

oper ati on Phe fitPocbhtroNir¥@iveRHRaEmp¥@tite mBn]% the unsaturated
m crocontrol |l er corrPut es T6 as the sumof T4 and T5

and EOWHRNE of he@dr exing e gyrorgter b1 afp ?WOBS@BHE‘? ant

K6, wWabeehity 4 blidrasat tdiRpetBtusOvRIGs 56&% BithPlcperdibrel & the
t enper a of the working fluid. If the tenperature

To | SUPTEEg Tl fh%evaméatqw%wvg 3l30 tspRiINRYa pipssure input P1

| ncr egpriselthtRe prdsstikeof tﬁé?WBMr@tfk{fcﬁat'Eﬁe b%pﬁﬁ&éﬁ &ltput, a
than T7, the TX valve is cl osed g i ncrenment

O herWParemaRt of 308, GHNRAT slatysgal 4tTat YaRike ?rquUtV@'e@uF?(éyrﬂnd set

posi tdtews K4 Bed KBCféreiﬁ@erahtmgaM &&@érﬁ&ﬁmgalhe Sp&BtISH d@he TX
may o |onalge{lf/ﬂe the sane (K4=K5). A delay 30

subr o {&TESP ¥n executed in order to allow the
cycle to reach a steady state or near steady state

before any_further action is take
The microcontroller computes T6 as ‘the sum of T4 and T5 and

computes T7 as the product of P1 with a constant K6, which facilitates the
conversion of pressure to temperature of the working fluid. If the temperature
T6 is less_ than T7, the TX valve is opened by increment K4 and if the
temperature T6.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 advantageous 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



Wth variation of the TX valve setting, it nmay be

advant ageous to check that the TX valve is stil
wopenating so that the refrigerant in the suctPOIMAUH3/001144

line of the conpressor after the evaporator is

sufficiently super heated to be,at WO 2004/ 022920

PCT/ AU2003/ 001144 24 the vapour state. Therefore,

each tinme when the delay subroutine follow ng

variation of the TX valve is invoked, the :

' erformanp additjonal check on _
the. ot wil: Sl TRERI e imefitinche ap away ikl ge skowing
neces sarigtiarf oftthe TE valve 64 inolulerd, tHéanicPdﬁoh‘;‘iollgr rr%}‘?it'e@fb]trﬁ’ Bn

f th - val ' ot 5 re resent __as part o
the. el Aet $n WRioeedliobd s Bk EFS) TaB gBretmasony be
do notnebessady if the cBXtroladveethsi lirrhﬂsrbf@bett%‘ﬁﬁﬁ of ®BITX valve is not

tj /th variations in.the conpressor .
Sopeca aH 488 a8 Rl i, X VRS obfl it pERTBrcoriel agoritms
condersivetot blind thk §X wehreywithinen et cxeablé bper@mg[@ Falgker
may also 10 control the drive fan to a condenser.

This process is shown in Figure 10. The tenperature
i nputs to tith edrigtions ihnhacemPresedrdpdad and dfa@bpening, the

e o RpBRRT ot b Zahbale il % VD helfiine pomialar gy o
0at a pontm! thenibeifab &l y cormddnewi. Mhi¢ p@cdss 16 GRERATEFigaR) 0

the target tenperature for the liquid |ine tenperature
T10. The step size for an increment in condenser fan

speed K7 aftiederepersiureinpots tathe élg@rﬁtﬁﬂﬁﬁﬁé ﬁ1wﬁeqzw@a’§eﬁihed
fan s r | sq.inputs to t al gorithm toget her
w th PR aed fedald uhgtomiert s, 0f Redibied o mpipirtemmined
condensist inftaa hegiqrichp, RGN ata ﬂoiﬁan«m@hum@xyrf@hwgg@ thean
speed ASIAL: the ste .hat use nn
b aﬁd C&gmax é'} aeﬁgnthp?#%}dg?qf) Sriaéﬁgi??f%g? B‘ﬂH'@ ling temperaiaie ld. The
of csxsmsizeafmjaroﬁsmnbmnmemrladlm gy%ul k7 §r&ﬁfigp l@fzteké}%n
conpr e N croco 0 r first cal cul ates
T1 agepptens tbondBhte ThEEGREE it el va FRctian e dagether
t he cwiib the cuxtegbcdrtdensdrdan B[b‘@d(:@lhslﬂnﬁiﬂrn?l;rﬁ_?_oﬁdﬁglér fah speed
T3 2BrkSy , n or equal to T is |less
Chan- SRl Blgh M CoRlenSohian sbeedCistex: Auheuahibastes
20 by t hthat usrl€RSmin arEh@F Smex eceomﬁtmtIJsgrafedtirhe u?@?i fweaiaﬁ.%s of
TI 2 - j I TI, 0 and T8, a | e
T 2o BT ERbE R e balhooBR %ot AL hpssor
tenperature T8 the current conpressor spﬁed (T:gSlhl S
i ncreased - i f .T10 1s qgr er a t he
current co?rlgér/ @lis% g%cfo'ﬂg Blcleefé'é'rﬁj?akﬁla%@g?@a%se_ elgii}fe@jce@etween T3
f ur t hand T1 amd thehanatdsshé noatke digafithed for i @dndeRsfar fed if T3
25 is greater than or equal 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 temperature T10 is less than
the actual temperature T8 the current compressor speed CFS1 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 selected



condenser fan operation. The m croprocessor may al so
vary the timng of the second interrupter 11 to

Ww@piaokioee0 a sel ect ed paraneter of each refri gepeniv2003/001144

10

15

20

25

30

circuit. In sone 35 enbodi nents the heat absorbed by

an evaporator may be the selecp%d WD 2004/ 022920

PCT/ AU2003/ 001144 25 paraneter, while in other

enbodi ments the total power input one or nore of the
conpressors may be the sel ected paraneter. Figure 14
shows di agranmatically a control orithmfor the 5
SChodBPABIST WRlSHO RIS SFICPATSA BR [IRGRRTAT AR one or more o
descr inea@dniprsfiors @ \Aﬁw@the%eﬂeﬂ@écﬁparaﬁnetérﬁe parameters is
stored in nenory, ich specifies when each al gorithm

IS to be executed. This table of tinme paraneters wl|

be ent er edrigurd hesthRat diad?aimihaBealyH sdrtdt Aberith fBPM@f
up, a_pointer is se initial value Irn the

of ti fReguingnef t°8Pt§°'é%)8mtSﬁB°'%P'SERthﬁlsﬂetséfébedﬂ?ée'ﬂ@BP‘@ oh table

time @fﬁﬁm‘rﬁér@hﬁté@ id dt6red irS RIBHRIY, '\AﬁHldWsp%lcffflleNhéﬁ‘%ach algorithm
contr ol gegorlt me,, .a tinme delay variab

i ndi c5(R8e EKECHte e iR takle ¢fHime @ﬁé@?tﬁr%’élme %@r@é@m the heat

each gexes dﬁm%tfa@dr dredowe @t & @bmf@rﬁl@éé’twﬂh #tthl @Aue in the
he control al gorithmcan be

dd t wh
? ouggsﬁﬁﬁéﬁ%f%s ere g clock startse) éfhert%ta%igfttrﬁ%parameters

CUr r elits Qéq’[%nﬁéllytdﬂfbf ﬂfé%onbbf@g&h%g e daRakie tHa®
del ay, arameters table to give

i t th'@d'ceﬁ?ﬁa‘é%i'mg@PW&“%%@EEW cour ety Raeh egewioa.fwghat

tinme d:cﬁ*ntl’bh@l@of tRmcarRingh &BRRNiRd catMgtherd the” @ltrof 41§&ithm can
cl ock. The pr ocess continually cycles around a | oop,

checkPHBPUPAEN MEAICTY i ne agai nst the current servicing
time for each algorithm 20 until the real tine clock
reaches th_g}acurrent servicin for an algorit

When this mygocqnggl erﬁr%pfg%é%%ﬁ‘”@(‘?ftt@e feﬁét”l‘”'BGPCk and

r eadsaddiehs tivetdeRdr@ssted ndthe tikR F?Hréiﬁéﬂetré"*ﬁébfert@ ?v*ef"teme
tinme ara?\gters tabl e_and executes the al gorit

Af t er WHET SPYGINGHIMA. nHE frErent %@(é‘&iﬁ‘ﬂé‘ﬂ”e ‘?Fﬁﬁ” read and compared

mi cr Wﬁ@ﬁﬁ&é@lﬁlnﬂéﬂélb‘émSTHe%erS&s'c@ﬁﬁhuaﬂ? cidiéel satigdlaMop,
“return” The rotors 1 n the generators

of t h%heﬁé'ﬁﬂ t%%ﬁ WB?/ a%ﬂ@?"é‘f‘%c%{erﬁﬁawlcmﬂrg@ f%ﬁéPh algorithm,

S peedx:mtxl frerre@MmigDLIOcK RAcKERNAE BLPES sBRGCIREERhe RYNER dI@fithm.
the rotors revolve at 15000 r

ed so that
or mgk?léuelq %las AESULS: éhe'hquﬁ%orocessor exits the loop, reads the staAo address

for the algorithm from the time parameters table and executes the algorithm.
After the algorithm has been executed, the microprocessor returns to the loop
as indicated by “return” in Figure 14.

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
performance 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 generator 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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Al so, sealing the rotor and generator into the
refrigerant cycle may avoid praggens with | osses and
reliability of transferring power of the cycle through
a shaft. Furthernore, if a fixed nagnet rotor is
used, sensitive bal ancing becomes difficult due to
the magnetic field about the rotor and the

f er r ofRIGRRNENES Sfidhe o spenme pagpetiseAdrdifz eeiten joadis applied to

conpofgichefor! i@ redtirRpeREEcRReREheStheabdy f 2
sudden load is applied to the generator, the
resulting force can unbal ance the rotor. The generator

of the presgafeddi@nbf BB prdiehtiAPentRN i Res! @Eor'tﬁatrboﬂon—
5 magnetic and can not becone nagnetised. The rotor

may, T8ENdicARsI@n Neébeganritiegaetiseemhg cgpemapdor example, be
el ect ploaade SR Ly&dreabo e-@%ﬁ'lc@ SHeet ét‘éelf 'ﬂe%l@d?ﬂ?{‘@éld Qﬁhanatmg

fromthe rotor is control by coils provided on
r ot or oM dhRIrder 'hp@rﬁrollséﬂow@a%ﬁ mrpwgeqtsnﬁf@r fiotar avoupe on hlgh

f or Mg meBbgFootdiritaPdLioRRER! IGther JTYbIBFndisRs mb) b'e”ﬂ:%ed
turbi ne conponents in close proximty to the rotor and

the casing for the rotor may both be constructed from

a suitabl eTd aghihé Cér%?bﬁr‘ér@éﬂﬁn dicsel dr8ximitl Qf‘th%trét%ﬁéﬁc?the casing
applled in the generato hese conponents therefore

do nofer theretr mayedaki b comrirusteddiam 8 sritakle plastic iesistangto the
r ot ornighk sir@é%e@' Eﬁéd iRdhe bbdrokof I PRBscRRRIBhERE tHRdrébRY do not

w ndi hgs aor V\Anglnsare wound onto a
toroi 8 rfe!laswafaat*@ gRitigal fipld ffﬂﬂh@ﬁ retog g ihgglectmsal field from

t or oi gldrgised @ta{'@)ﬁ/nbcﬁn%& Cﬁ{eestét%pwﬁ"dﬁﬂsra'r@ﬂbuncﬁ&ﬁ%ta tor0|dal

steel or nore prefera ermeal ﬁs eC|a
Toul R PERY e plag ﬁ%ﬁ'”%f”}%fofoé(i‘ﬁ* cPe ragy % yopse &7 ¢ eletirica

Fi gur greel dBebrshery p@efb#éf é‘ﬁlgﬁ PREHES Sty 98&%‘”9%6{;1%8 d‘ce)rnte

referenced by arrow The entire generator

may bEmaHf @fﬁﬁ”[t?lphe%‘@'%ﬁf condi ti oni ng cycle.

Figure 1 I A shows a top view of a turbine generator

500, with covers renoved for clarity and Figure 11 B
shows a setBHES 1AddgRow irferbiss ganeratgigenerally sefermrged by arrow

tur bi s, gﬁféeém@?e@&ok B6d Hﬁg?oeasetalérd%fhﬂw R daad@&élmg
a stator suppor housi ng orting a stator 504

and coFt ¢9%r?é§A§cb@wsntowew @‘lﬂt@ﬁo'qelge@eaﬁer 500, ity eayers

a secCihPhed Mr%f‘fy hadeRyufeS BNghdwid 4 BediibA W dRigh in8BB in Figure
respectively. The turblne housi ng 501 contalns a

t ur bi hE\ 5D furRing @eRryater PEP Bicluds e tuivinedionsing 561 spstator
hel d duppBheasiRy 582 B808Frhd 5@ IS04 28 coldteifteg 5b5a-pO7

Figures 11C and 11D show a section through lines CC and DD in Figure 11B
respectively. The turbine housing 501 contains a turbine 505 including a rotor
506 and a nozzle 507 held in place by a hozzle retainer 508. The nozzie 507
is supplied with refrigerant through an inlet pipe 509. The generator rotor 510
includes four rotor coils 511 - 514 forming a four-pole rotor 510. The coils
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 a 19 mm F5
ferrite former. However, as will be appreciated by those skilled in the relevant
arts, the number of windings in both the generator rotor 510 and stator 504,
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coils 30 511-514 may have their ends shorted together
or connected by a resistive elgnent which

i npedance/ resi stance increases Wth tenperature to
provide «current limting to protect the w ndings of
the rotor. The coils may, for exanple, be forned from
1 mm copper and have 135 turns about a 19 mmF

ferrif8 PGy #RsF ToHBRR(RIINgSa the il gametypen KiE; we@twotor 510
t hos earfekdthtoP@indihge RAd ied BUABEr o3 DoRE nfovidddCorMBRRRefor rotor

wi ndings in both the %ﬁnerator r ot or 510 and st at or

504, AN (7589 POCPEITE ARSFUSABIERMENIS 105 e grNeFqIpES00. The
used tiind ReAE08 réf@t%blyfm iffefrugRps RedeRAPed é&ve with
genera or raot stator w ndi ngs and t

b ePITS50p Hote Gatiuidan hotss iSRS udare PRSP baskerein in
can belatioh teEigaecphds ng to the requirements for the
generator 500. The turbine rotor 506 preferably has

|nterrupters as descri bed above with 5 reference to

Figure 4, BrdviiBingh avdedtdbosy r%éii HGW’@@ t@%ﬂ{é@%@édjjb@éﬁt

herelnln relation to Figure or 5. The w ndi ngs of
t he sQfawaﬁoféwa Omr%w'%'nggd Tthsg‘& ﬂ‘éPUfisr?f aa%%ﬁm group are

gr oupson@botbtMo SthePBo8paigl détfree Th@vé}@f&%mhspaé r&8EHM0.
Wi nd'ﬂ%ﬁp&p@ are 10 connected to other groups

90
degre rURSAE EREN FRAMECHHIte rconisp!ies K- gqmrator (not

Wi ndi rawes PR @Je%w@me@@a%ﬁétadt dmécac&%t ﬂw@bbi@%e@@ator
gener at erable to

Lo [igings. CEpacar Miter RO HHIRaIE greralor iomgte AC

Capacguts Wlﬁ@h@bﬁ)ubb%ré'\brﬁ@gﬁgé WA d@@cgﬁ,ﬁ@hﬁér@étlﬁd f8mate
the AC , out put ﬁ{)effgare energi sed with

dir ec’ior@Lﬁqdeﬁ‘meb?%%P?'Fﬁga Lit {96, ek giay r‘?eéﬁgogégﬁeﬁ

pol e ipRhals, dnp ke ﬁl&eheﬂcﬁ ¥ing P@bé‘&oﬁ&!ﬂ@@a@ﬂ otH&k é’ceﬂb%gree
interval s vmftht e Like fields bein place FOSIte

each BERES. hel%ecta%@?'@ésthpfﬂﬁaﬁm@c R UBH tha ToreE 5710 and

fi el dednsf hdtessfrpbe aBﬁuEﬁdQ@@oﬂé&%(}’ |mbﬁaﬁé€|ﬁﬁhe5l%@or%ﬂd in
can if nece sar% btf%a usted to g orrect an%
in t HESPYIHLC BAHIMGRIance dhafiedy R deipsterd Ayan ?&eéatt%tThe other

may Qﬁatdewlivﬁ?l@tn@d willfidtMeve @@@bél@é}ato'lrb@nr@cfé%f to &gt ap QWay of
w ndi n not have a %?g rator connected t

t hem® X%st‘a%%? 8@/30;@ frerel aryprs i the ity W'éﬁ’ foy

coi | @neefed thDChﬁnéia@dr@f Twal ihi’eé SUhoreGRANRGE Sdtdr Yiddings
generat or s ree or nore than four stator

Wi nd|W@geCtﬁ%Fﬁwwggtg@ﬁe%orb@ag'eq?e?@i“e?%'fﬁ%ﬂ}“rﬁg provi ded

i f required.

The polarity of the DC current can 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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per manent magneti c bias. Turbines of the prior art
have operating speed and torque, 30 characteristics
that are fixed and can not be controlled wthout |oss
of performance. However, the turbine 500 of the
present invention allows dynam c control of the
strengt h. of the exciting field, changing the

char al¢'&l g‘FltH’g‘ QoS R presaRtdRventon W&t/ berised tf pRmEIn
500 cgjpeb@nﬂf@j’e@étm at the nost favourable speed and
torque to maintain operation within fixed 35
parameters. For application to the turbines in the

heat punpswihes érd t@ﬂ%é@)@&%h@@@@t&%%ﬂ%ﬂ% BfEldtent

28 herein, the tur resent invention

may bEENFEAATSR5e ﬁaﬁ \f?@%ﬁ ﬁaU%@ﬁb@F §’8ﬁ “e figldep Reigsneratgrthy the

t he tstator MehddiYe doRASHEStd the g’éﬁér@’tdﬁahhlyf@béﬁéréﬂés ahhﬁ: Errent in
curreelw1 ? % gerators are activated, causing
P&ors @it

el ect € {HOL! QRsiBe 4ptak 1 rotdies. %@&Hﬁ?”t\/lﬁ K ngs

connegéretatt@iri the st:swema&ags WHdHCAte S8R tAE @én@r@toﬁ@utput The
Is of the rotor 510 as the rotor

curre the co
510 r)gfﬁ é’HE’é" mﬂtb&fﬁ?t@ﬁﬁ and fiithe geneyaiceiosme gartef aheat pump, the

st at ognerh e 88 usBitcCharslf dooitr bRokipres8BNRItAL BEat pum
out put. The AC out pu%h naf;”{Je I‘eCtlh?l ed and if thpe P

generator fornms part of a heat punp, the 10 energy nay

be used tOFlgarfet12%H0Wsm3%g?émﬂ1aﬁ@éﬂ?rae§ﬁﬁbl él@oﬁth}? fOORE stator
| agranmna i_cal é a con
2

u ol
P G VPFAEE o ML BIOGHTRR RO E UTHA2 SoMREBGHTT the rotor 510
al gor hésm'ee&fwwgl'ﬁ Oplﬁb Gb&e@l ahd dlr%ct&ﬁl‘énﬁfstb%\’ngth@tHr@&gH the
510 as been b speed di rect current
i s bef ﬁ@r WEEINgSr %Hg ﬁOt?'Hg‘"f@t Qyigytdi aﬂﬂ tRiApdagerpetpyioY hifrom

cur r efhk seiésinebdurdnd Th@trﬁéy vobéRERAWBYtBKhg MBaklirRMents of the
the stato Thi's \//ﬁbe achi eved by taking

rreasu?"@'i‘?@[]? Btﬂ??’ﬁéngwfﬁgérﬂm% wfh foreagh %tﬁ@rwmd«rwgasoup
out puthevibtaVpolver oLe@lis Sérﬁbméd ok fHE Fred@dt @ ande. TRk &
power out uted as the roduct of I'T and VT.
Thi s ?%np%%#ﬁéﬁ%af% USHROWSF avPHtdT 1B \RES Vi RAftET OHtpUt Was
previ I@%thﬁﬂw cu@tﬁnp péwé‘Y&ﬁJt&Q ﬂh@%ﬁeét%ﬂehhﬂrdh@h kighétator
power

é B rect current he st at or
wi ndi HGEnpss; 'ﬂ%fF% ppregdeisramet éFedPiﬁ'%d IEthe prayious pquer
t he pamwmtm ReréaRan PEtaREenBSvaTRUB UL, lﬂ@d&é& cOierit @tbugh the
power out& the direct current, thr oug t he
stator windings is decreased by a predetermined tep size. Those skilled in
the art will appreciate that the algorithm illustrated in Figure 12 may use to

controf multiple target generators.

Where in the foregoing deScription, 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.

Although this invention has been described 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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control nmultiple target generators. Were in the
foregoi ng description, referencey has been nade to
specific conponents or integers of the invention

havi ng known equi val ents then such equival ents are
herein incorporated as if individually set forth. 30
Altho%g;lkuﬁgi s invention has been described by way of
exanple a wWth reference to possi bl e enbodi nents
thereof, it is to be understood that nodifications or

I mpr oyenent s. be de thereto w thout departing

from \1t ﬂg?%g'Bng’o%e”?{%”Q ROWRLNEHYEE defined in the
appendeda cten gmembéd) 2004/ 022920 PCT/ AU2003/ 001144 29
CLAIMS 1, A turbine for generating, power including: a
rotor cHaf™ agabée PR F%Hﬁ%‘@ébﬁ "g'“ﬁ%éﬁ‘fj r tof:%'?ﬂr‘?%q%

axi s W tdtileess ane nmﬂ@mcm?iagtaewzzliatexite@sdufppwmgre?mdj gom a fluid
i ncluding _a, nozzle exit. for su i,Nng a ui rom a
f1uid sngBB|y3°PB‘%S@&*W?@PWB% il é%';?f arec? genesaepower,
rotor ard legshenatehauet&reriued td pAse, oxea X8 Stid from said
apertur &, .in use, exhaust said fluid fromsaid

{0
t ur bi ne; rf@‘l%\/herei n the flow of said fluid fromsaid
at | eastwhmmeinnozzl e exit is periodically interrupted

by at |east_one flow interrypter means, thereby .

raisi ngqﬁ?\gow ?8@@@*‘”@ frgm E%if% I%aatl s Wffffeexgéﬁ éerg;tdmally

I ealst doriﬂ!tecrupilred byt idast cf>rlib5flo§v infer@iptatmimare, thEreﬁHy&éi@lnb the

i ncl udi at | east , pne. i d.storage neaps between

said fl [}’uq%lss%epﬁa%?'daﬁ‘ﬂg n5i5 SR PdSRT OBR QUBL NEF froo7 ] )

3. The turbine of claim1 or claim2, wherein said at

| east 50 f.l ow | rrupter . nmeans substantially stops
the fPow SHud ri’ed&tfci?"’lﬁrin(bjl’ ipeding S?Gaﬁﬁc’ﬂeefgﬂéci Stgfgeyppans between
nozzl e eseid fluichsupply red paic aslebst dneIutke rdakid. at | east

one nozzle rises to a preselected m ni mum pressure,

which is less than or equal to the pressure of the
f 1 ui d3sUibel tucbine of claim 1 or claim 2, wherein said 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 nozzie rises to a
preselected minimum pressure, which is less than or equal to the pressure
of the fluid supply.

4. The turbine of any one of claims 1 to 3, wherein in use, said flow of said
fluid 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 nozzle substantially to rest.

5. The turbine of any one of claims 1 to 4, wherein said rotor has a plurality
of channels shaped, positioned and dimensioned to provide a turning
moment about said central axis when refrigerant from said at least one

nozzle enters said channels.



4. The turbine of any one of clains 1 to 3, wherein in

use, said flow of said 25 fluid fromsaid at |east
woep@4new20 e is interrupted by said at | east onBCT/AU2003/001144

interrupter neans for a period sufficient to bring

said fluid imediately upstreagyof said at |east one

outer nozzle substantially to rest. 5. The turbine of

any one of claims 1 to 4, wherein said rotor has a

plurality 30 of channels shaped, positioned and

di mensi oned, to provide a.turnin nonent about sajd _
centr §r oﬁ“)ﬁ té"%%ﬂfoarqé(fqniegcgrcéﬁ?s f ?‘bﬁn WRRTRINSAI] TOLRS S A plurality
nozzl e esftitadessabped; pasitieat andRiRAAL6RPYovide a turning

PCT/ AU2003/ 00

44 30 6., The turbing of one of
cl ai s TMREST AL RS AP otfeR FOoRRSt BOpISaRAIaapt one
of bl adesozzleaqeathctspsid blageed and di nensi oned to
provide a turning nonment about said central axis when
refrigerant fromsaid at | east one nozzle contacts

sai d Bl afesturidne of ahyenelw? Bialtes Oto arWhe1BiR safd 4tlidisiBnd flow
to 6, V\ﬂg{ei n, sai east . one flow interrupter
ns i

d at
moans | NEIETHBET ReondinclutE ot Bamtone e cPam A o
moveabl emuidablewittoart euteppsrhess of safd dedrdnt @tapteddélinterrupt the

adapted to interrupt the . flow of said flujd qut of |

saig at og\égﬁsa @"gﬁ\‘teql} sﬁ'&ﬁ%@sg?('?ef OtRERPZL!S fKityyhepgaid at
101 east oneastane vase Bubb@ATIAIB ddjacad] @bt leaftiohe Abz2€ B8,

one nozzle exit. 8. The turbine of claim?7, wherein

said flowinterrupter neans includes a plurality of

sai d BarEw terdisd efrdiaiml 1, whevetm baid Sipadstidrraptar neafidinbiddes a

said outer .periphery of sai otor 15 9 The turbin

o any. anret S aR Shes s Bah eIy sFanmanat 2 oHRLpaI outer
punp cipetiphéry oMesitiestor.said fluid supply is a positive

di spl acenent conpressor. 10. The turbine of claim?9

when dependent on claim 2, wherein said fluid 20

st or age Tf@ﬂ)ﬂoil’:‘easf emé/msaﬂ Ellajmsat éd 8,a/fﬁerﬁﬁd;latﬂed i@ aPheat pump
di spl aceneni sai_d. ositive di spl.acement
corrgr es S%rrcgﬁ,l\@jerem éakddﬁ?‘!ﬂswp f1S é|p£§W¥©SBP‘aE?'H?% Cpgpressor.

wherein said at | east one exhaust aperture includes
di f fuserrand expander sections to decrease the =~
vel oo Dy LR R e SRprHRR LA Hainsreia saip dui
20 of the fdtorade heanohagaickpinaty at least equal to a displacement of said
positive displacement compressor.

5

15

11. The turbine of claim 9 or claim 10, wherein said at least one exhaust
aperture includes diffuser and expander sections to decrease the velocity
25 of said fluid and maintain the pressure of the fluid low once it has
decelerated to a subsonic velocity.

12. The turbine of any one of claims 9 to 11, wherein said at least one nozzle
in use supplies said fluid to said rotor at a sonic or supersonic velocity.
30
13. A method of communicating a fluid supplied by a fluid supply means at a
fluid supply means pressure to a turbine rotor, the method including;
providing at least one nozzle for communicating said fluid from said fluid
supply means to said turbine rotor, to thereby drive said rotor, the method
35 further including providing at least one flow interrupter means to
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soni ¢ or supersonic velocity. 30 13. A nethod of
comuni cating a fluid supplied Ry a fluid supply neans
at a fluid supply neans pressure to a turbine rotor,
the nethod including; providing at |east one nozzle
for communicating said fluid fromsaid fluid supply

neans to saj.d turbine ro{or, drive
4@ |

tqQ . thereb sai d
rotor, PRECHEA!INFYeHRPIG o ef ?%Q&‘H‘GipoXfpﬁaéﬂ/?td??% 0g¢ nozzle,
| east OmgeréyOnisiny e vdstfe TRARSIUI®INYIB: 20Q: R23088k nozzle to
PCT/ AU2003/ 001144 31 peri odi ca&{gg interrupt the

: flow
of sai d2AERIPBI MEFMURRIESHUG WASH IDIRES RlbsHabio Said b supply
t her eby nicains ipRistiRepdisre sesuirging thesfdviloff daid ALid Bet it arAdtteast
at | east one nozzle to a preselected nminimum pressure

whi ch i S"P88€'%r equal to said fluid supply neans
pressure before resumng the flow of said fluid out of
one nozzle. 14. The thod of claim

i d t _ . _
18 B e et diof ot e Baie oIt Ese ISP @S pressure s

suf fi ci eofficient toadase thedlufd tairdadthe erahsddievdiesdlat @rogt of
velocity at a throat of the nozzle. 10 15. The net hod

of cl ai M®&PPZZenc| udi ng accel erating fluid exiting said
at | east one nozzle to supersonic velocities. 16. A

turbi i ncl udi rotor including two or, npre spaced
apar t 1§ 3B metod ot dkimod, alrcinoscseBratha A GG £a1d at least
pl ur al i byle BbzA¢ & Supevdonit RgsitRigout said rotor,

wherein at | east two of said stator w ndings are

connected to a controll able current source, each

cont r d. lAabivnecitEluging a_Sr@Ird])f GeILRpRY el o nio@% spézt%a%ﬁﬁ Tr%ﬂae
stator,vvl_nlngsto |1 C It IS connect . . . e .
by r e Mgt £ s fibsing 2aGrB oS ARads ahe L seid
sour ce irGtor, Mperab bElebst 1RO @F g4i8 etdthiavisdinDareWoRBeNES td &
which it i nnected after s reached a

iS.C the rqtaor ha
or edet ePATFRIRBGAUTENt 3PUrces S contiollpiin sUsent spdicmoperable to
wher ei n ehbigisrtRel etatdrMin@ngs/ el Gt i isl dnhé&ed.er m nal 25
velocity for the current operating conditions of the
t ur bi ne.
17. The turbine of claim 16, wherein each controllable current source is

operable to energise the stator windings to which it is connected after the
rotor has reached a predetermined velocity.

18. The turbine of claim 17, wherein the predetermined velocity is the terminal
velocity for the current operating conditions of the turbine.

19. The turbine of any one of claims 16 to 18, wherein each current source
increases or decreases the current through their respective stator
windings dependent on a measure of the power output from the stator
windings.

20. A method of controlling a turbine including 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



19. The turbine of any one of clains 16 to 18, wherein
each current source increases or decreases the

W@ eoor o924 hr ough their respective stator w ndP@maU2003/001144
dependent on a neasure of the power output fromthe
stator 30 wi ndings. 20. A nethQd of controlling a
turbine including a rotor including two or nore
spaced apart rotor wi ndings and a stator including a
plurality of stator w ndings about said rotor,
wherein at |east two of said stator w ndings are 35
connect QUICE cReEbIR o ANeEBRthe $iatenvindipgs tawhighy i is connected,

control |ti@$’h1€tk@Hﬁrﬁ®%né”@p%Q@ély%@a%%9n§’€ﬁQ M Qe Pt ne

32 source operable to energise the stator wwndings to
whi ch i Stater V&'Bi’iﬁ@fc?%'”cﬁaﬁ@gﬁﬂ? AgERNt e Pua thg windings if the

repeat edlLiyeMBASAUISE SdRer BOWRE s REE thBh @'Bré\h&;s RERLRS of
wi ndi ngs and increasing the current throu t he

5 wi ndi ngPOWET Pyfaut 2Pk desTRASIREAER FUTRT ﬂpf@u@? %suw@q!mgs i§the

great er chifam rAedRURYHLETRARIE B 164s tﬁalﬁ’g‘b%w&iétrﬁégsu?en& power
decr easi gg’é‘t he current through the windings if

current ON846ure of power output is less than a

previ ous neasure of power output. 21. A thernodynam c
cycle_including a conpressor, a first turhbine

downstt: éatﬁﬁf”i YBAMICHY CledRHVEag icomprassat adikt ke downstream

10 | ocat ed of PRl die ekwﬁger 1555@5 G@wﬁé’c%a?rpé*frtﬁ@hr%t

to reject heat from'the cycle to anot
t her nodyWaie@NgPRREaPIg P ré»\?ﬁbféﬁaélfrém tB@\RM@? Feanfatiedr t he

heat ex Qrﬂ@ﬁ‘ﬁﬁynanﬂa dyde Saep&)&@oréﬂértamsﬂeam o fh%a'{@apéxc‘haﬁger
evapor ator and stream of the conpressor. 1

5
t her m)dy"‘ﬁﬁﬁl S@CE Wuéb‘ﬂﬁéPWﬂ?tFﬁf”hOdeﬁﬁV%%%@}Pr ang UpStream of the
condensepr@rgst ream of the conpressor, a first
turbi ne downstream of the condenser, an evaporator
I3 downstream of the first turbine and a second turbine

downspy, @@tﬁbfhﬁodyh@m%%}lé%ﬂﬁélQélm@@@oH‘Efﬁésrs&a@ d%dérl%%r downstream
conpressor 20 °23. The_ thernodynam c cycle of claim22

furt her of Kl PERRFSAT et RSy ETSeR Lk e O TS P

sai d Ti eshpdrifoPbAnARANS & tHe ARARLPKIAL Ahd alsBBoMtPRtbine
exchanger operable to reject heat to another
t her modyR¥APIESaY ef 1e evaporator and upstream of the compressor.

23. The thermodynamic cycle of claim 22 further including a heat exchanger
located between said first turbine and said evaporator, the heat exchanger
operable to reject heat to another thermodynamic cycle.

25 24. The thermodynamic cycle of any one of claims 21 to 23, wherein the first
and second turbines are turbines according to any one of claims 1 to 11.

25, The thermodynamic cycle of any one of claims 21 to 24, wherein the first
and second turbines are turbines according to any one of claims 17 to 20.
30
26. A controf system for a thermodynamic cycle including a compressor, the
control system including:
sensing means for providing a measure of an output of the thermodynamic
cycle;
35 control means for the compressor, wherein the control means is in



25 24. The thernodynam c cycle of any one of clains 21
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10

15

30

35

The thernodynam c cycle of any one of clains 21 to 24,
wherein the first and second tysbines are turbines
according to any one of clains 17 to 20. 30 26. A
control systemfor a thernodynam c cycle including a
conpressor, the control systemincluding: sensing

means for providing a asure of an output of the .

Thar ohERLB e s SRtiith SrafioTecds af et Saic
conpr esaRbsurdlt? BRIoOtPUNEf 1B FHaRbdyRaNS cyde aiid ¥\Bheasure of the
2004/ 0229%%55 / AU2003/ 001144 33 communi cation with

sai d selsf H® ©FReEve as inputs said measure
of an ouhptin Bk coholinheinguslyhranie t€ yerhputdRtneastieaslgtficiency

of the _work, jnput of the conpressor; wherein the . .
cont r ol TADR BUtS 581 XBMANE SPasstAdie SRt Mpximise said
ef fici erepsure dof effidichey 6r torpaibiainadast mabsure beefipieacl afa

the conpressor.tqg maxi mse said neasure of efficiency

or to Teﬁte%”ﬁ"r@gil%}’eﬁeasure of efficiency at a

predeterm ned | evel. 27. The control system of claim
nmeans

26, f er includi ng.seco cont r.ol fqr 0 a

2% Vil RS Fofisvelr B by SRS 28 iarer SondlRe Sespbontielarsags for

a measuaeofalvd feeduRaRet atdisehsiiy reefryTor plolighgar ®aasure of

wher ei n teﬂe segcagnd g%ntrol aeans recejves asda |

furt her fETHIPCETE ohR soUrdlegares Whelp defegpad gentol means

% ;J( ntr IoI tediveslaea, fullamtm\@t epemaddsard of tﬁ@@mwaéan‘e(m‘% ddnerolled
val ve or equivalent,in response sensed . .

vari at | 815G PO BRBEATR 5 Peno Choge TR SR eR" Sguielen in 5

rel ati oresponge foadefedd varRSUNEn t@Bperkhi@e Ot Icohtrsllestapea in

of claim,26 or 7, wherein the second control

laim 2
means f (F¢ W@rtorage%;e{?rgga%‘tge.an i nput a measure

i ndicative of the amount of refrigerant in the cycle

he. GTBe BRI 85pB Gl s 6k CBRE 2 s dnc pedons contral

equi val ef@lans furthgr rdcaives ay ap @fpus 8 thgaelird igditative alitheesamount of

one of - EEgTE" 38 ook VAP ARRORY gk PRI GRTgfor Pese in

the cycle and to open or close the TX valve or equivalent to maintain
vaporised refrigerant after the evaporation phase.

29. The control system of any one of claims 26 to 28, wherein the operation of
the second control means to maintain vaporised refrigerant after the
evaporation phase is performed after a predetermined delay from the
control means opening or closing the TX valve in response to said sensed
variations of temperature.

30. The control system of any one of claims 26 to 29 including 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.

31. The control system of any one of claims 26 to 30, operable to controi a
turbine according to claim 17 and including fourth control means to control



the second control neans to maintain vaporised
refrigerant after the 25 evaporation phase is

w@eoooeayed after a predeterm ned del ay from t hBCT/AU2003/001144
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control neans opening or closing the TX valve in
response to said sensed variations of tenperature.
30. The control system of any one of clains 26 to 29
including third control 30 neans for a condenser in
t he ther nDdynam' c cycle, the control system varyi ng

t he oper ti,on of t condenser. to. int re U|r

| ovel " orthe Egit Bt nBaRs Fcant WBgORe! SBA duR

The control system of any one of clains 26 to 30,

opera to c ntro bi ne accor to claim17
ond. § R AT PUPLER LA ol - RBSAB SO EBl e Gresherant trough
2004/ OZZB@@taR@WIWB/c@ﬁMMHy Bdintdie tHel bRsriceCi sai@NLrbine

t hr ough the s?ﬁa or wi ndings of said turbine. 32. The

cont roI claim 31, operable control the

di rect current through the stator windings to

dynani |y inta e of saldturbln 5
B B ok B e AR o conto
wher ei n mmspmnarcohtrmms aPEGEUTth bl Bkand @ Single

third control ﬁans and fourth contro

singl e "MFOFRUEHEF B MISFORSPCasER) %ﬁr%ﬁ@&!? n‘B?fOfléontrollers or

plurali tnytcmbrdfessdtsmh 20 |aét selsvtedlDichrd DO PIPE BB SOr' S

with at |.east sel ected mcrocontr%legs or

m cr opr SUEORERESTIS LbTRTYAYUSRYH T Ra7h 4 to iy megagement
al | ow mafageiming of tie fumeiohs 67 thg cohtrdlRgstbrnct i ons of

the control system 34. A nethod of controlling a

turbine including a rotor including two or nore 15

slpac e|314 aﬁpmeg’lod@if oasntwimm@i a&@uﬂmn@élﬂgladmb@tr@gorimww @ ¢ more
plurality of, stator i ngs, about .sai d rot

wher ei n §? gLt rtov% "‘6’? %1%? %\t?tjﬂr ﬁ%ﬂ?%gluﬁ'g of stator
conneclt la\drtt)clllmgsaammtsmdlrd)tamvmeeéhﬁ éﬂ@%?titwu lof €aid Q&L wm%mgs are
control | abl e, current rce operable to energise the

st at or Wﬂ%ﬁ%%cg{ot%cglmroﬁﬁaietcurrgnﬁéawﬁgc?%c&con{rﬂ qiee‘t’tﬁffrﬁ‘t

i ncl udi sguadjopstdbliegtotdmergisy thentatbhwindigls tdehish R edmected,

Isgl gr ?gtrtbt IQneﬁt%qucq é‘%g gclﬂjlug/tmnqhgtcurrenttthroug !h%nvsigdi%s in order to

dynamically maintain the balance of said rotor.



