WD 96/ 12890 PCT/ AU95/ 00696 A
THERMO- VOLUMVETRI C MOTOR FI ELD OF THE | NVENTI ON The present invention

- rel ates to a therno- vol unetric notor andrelate ly,
. though ngﬁgg&%gécl usi vel y, to a therno-volunetric fﬁﬁ&ﬁ@ﬁ&r

~activated by a phase change substance having a relatively h| gh | at ent heat

of fusion. Typically, the phase change substance is a hydrate salt which
is heated froman external heat source, 3u¢h™ as sunli ght . The
present 10 i nvention further _relate eeal to a method for

produci ng notive power. BACKGROUM - SR : oL power can be
produced in a vari ety of known ways. For exarrpl e, turbl nes in a

hydro-el ectric wat er and each turbine is
operatively conne edaét‘a "gé% ﬁ@éﬁ%@'&m ch produces electricity. The
nmotive power is Thedpxeséytthhinvénbioh weeébatest hgenerallpi neo aA sheamo-
engi ne produces Mdﬂémﬁrm@é’o?méﬁ?g %£%£e§ %fé‘iéuféffﬁ‘d Eﬁ@uéf; ®Nnot

drives a piston in remfrocatlng moti on
reci pr ocatifg mMAFGH Yien B€ adapt &rermomvedysetnicar ymﬁtoron Wh)\rch is

driving a vehi C|aﬁ:ti¥a19éd eppatl \iﬂié/s@réﬂéﬁ'@e asﬁBQ%EﬁEQr Héirﬂf&dé'cfelatlvely
electricity. Hydqr tI’ICI environmental . drawbacks. For
exanpl e, the fl F@P fwﬁﬁta PEkEusipndet rTYRIFALLY, 2the phase ph@nge

ecosystemin and.:u?dsnm_ibé heid ake. hydikatdei Sadtt ewhilche wat ehehated | f¥omedan
generai 1y | comtitail " néln, iilke, W Tel spRlighE confher | Bresent
products, 1l@uch issrerdtrimm df'oxther aadauaburgEn&Q'all\yueltoNhla:h methbdr ntok
to the envi ronrrﬁﬁt H%n 'ﬁf"; t hese harnful products can be
expensi ve and ocesses I ch scr an exhaust gas or pronpte conplete
conbusti on of unburnt fuel are rarely totally efficient. This is an
BACKGROUND TO THE INVENTION
Motive power can be _produced in a variety of known ways.
For exémple, turbines in a hydro-electric plant are driven
15 by water and each turbine is operatively connected to a
generator which produces electricity. The motive power is
produced by the flow of water within a turbine. A steam
engine _producés motive power by boiling water to create
steam which then drives a piston in a reciprocating motion
20 within a cylinder. The reciprocating motion can then be
adapted to produce rotary motion for driving a vehicle, or
alternatively driving a generator to produce electricity.

Hydro'-electrié'ity has environmental drawbacks. For

- example, the flow of water from a lake can detrimentally

25 affect the ecosystem in and around the lake. To this
extent the water is a limited resource.

The production of steam from water requires heat and
generally _combustion. Combustion rgsults in both
combustion products, such as carbon dioxide, and unburnt
30 '_fuel which are harmful to the environment. The treatment
of these harmful products can be expensive and processes
which scrub an exhaust gas or promote complete combustion
of unburnt fuel are rarely totally efficient. This is an
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i nherent problemwi th nost combustion engi nes. Another drawback with a”

| ar ge woskesgeef engines or notors is their efficiency. pdhRussHEgs | nput
relative to the power output is relatively large due to | osses associated 5
with friction, heat and pressure |osses, inconplete conbustion, and
other simlar factors. Particularly w thogeared notors frictional |osses
can substantially detract fromthe overall efficiency of the nmotor. Wth

combusti on engiK@sent eﬁsﬁéﬁEexhoﬁi‘éﬁ #bsehcaRaBaLeliby bRgLiAASE With the 10
age of the notor are also a problemand often require conplex and expensive
mechani cal sealing. SUMVARY OF THE | NVENTI ON An intention of the present

i nvention is Aroyhewi dearbhbRr RE-LID| aAINRAEGe MRNPerWY £ Nerfiqindd 08 C gV e

power both 15 fi.cie and envirqganental |y safely. According to a
first aspect of ?ﬁgl%r egtﬁ‘cf'ﬁ{}g?{t’i on%?ﬁer%n?g. r Qﬁé:d ﬁegﬁE?‘?‘Fﬁ-v‘Eﬂuﬁé’ﬁi c
not or conpri SPARLT aoubputnumjsrélaliiivm hlatdgpt émhet cxaloygsessabsbaibitad v
conpresssbl e fidfl d, epaldieqnt | s ;H}Fg TresRAld NAYLOQ. hea&ngg"g‘ﬁﬁ‘;%

means and flow converting neans in  flui communi catton W th
other, sai d CIFERRer 8RAg athiar sitrhlandfpcsorse coPsrticalarby sfitbhe

CO”preSSim‘3déd&éhiﬁokb?sﬂﬁﬁiéﬂ¥5ﬁhiOIBSQBEi%%ﬂ“%ﬁﬁséﬁﬁkf@iﬂyhﬂ%&ract
transfer nea cont.ai ni ngsglg}.re%t .phase change 25 substance Having a

rel atively hifgiP™ atReit o% FLCHERSHd e dR P Eps oWbtRe SOmPrE ISR

external heaterspiies phesshye ilvssss Whechi behephale Ghanaagdibgi@RCeheaN
absorb gat fromt%e gﬁternq_lr heat sodrce t hus f% i ng a gort'on of sai,d
nce, §8F‘t'i

phase change 3bs CaftP ter 84 oF 88 f 38%° I ofPL S pRIuLTE (’
change subst armmlomn and | eixppensive metbaniogll aeabingeat which is absorbe
by the conpressible fluid thereby expanding and thus effecting a fl ow of

the conpressible fluid through the flow converting neans to
' SUMMARY OF THE INVENTION .

An intention of the present invention is té provide a
thermo-volumetric motor which can produce motive power both
15 efficiently and environmentally'safely.

According to a first aspect of the present invention there
is provided a thermo-volumetric motor combrisin_g:
a cont'inubus fluid _pa_.th adapted i_:o carry a
substantially compressible fluid, said continuous fluid
20 path having heat transfer means and flow converting means
in fluid communication with each oth_e_r,' said flow
converting means béing adapted to convert a flow of the
compressible fluid in the fluid path to a motive power and
said heat transfer means containing a first phase change
25 substance having a relatively high latent heat of fusion
and adapted to absorb heat from an external heat source °
whereby, in use, the £first phase change substance can
absorb heat from the external heat source thus fusing a
portion of said phase change substance, and thereafter said
30 portion of the phase change  substance can 'so_lidify thus
releasing latent heat which is absorbed by the cbmpressible
fluid thereby expanding and thus effecting a flow of the
compressible fluid through the flow converting means to

provide motive power.

“



provi de notive power. WD 96/ 12890

PCT/ AU95/ 00696 -3- Typically, the continuous fluid path further conprises *
caoling neans in fluid conmunication with the heat transfer neans and the
flow conMa96138% neans so that the compressible fluid cRCTAVISENOS] py
t he cooling neans 5 before said conpressible fluid is heated by

the heat transfer neans. Preferably, the continuous fluid path further
conprises a punp operatively coupled to the-fBow converting neans and in
fluid conmmunication with the heat transfer neans, the 10 flow converting
means, and the CB¥PidRlh¥ansthpercontinuousseflntd ematth offurithet owomprises

converting meanscgbives m@sneuma Eﬁﬁ&@bﬁomﬁﬁﬁﬁbQﬂlohh@rﬁ.tﬁo'EW e%%.ﬁaf&' %ra}-lgfet‘l

t hrough the continuous fluid R i ca nmeans
accunul ator. 15 ™MRIRR ai rﬁ"ﬁ"g Bhese pﬁ’8§§er§h§ﬁge m%mw afde hh&tng the

relatively high d@ﬁﬁﬁésbﬁbleOffiwﬁdorba’wdb% I ebatiewe! i I%@E'édm | Means
wher eby, inguse, at fromthe co resshgle %% g can he absor hed the
second phas® chﬁfgg TbsTahCe THIRTPESH M1 ot hnhdse gheat
subst ance whi ch 2fensfenl|mseahs.conpressi bl e fluid passing through the

cool ing means. Typically, the therno-volunmetric nmotor further conprises a

coll ector adapted to absorb heat fromthe external heat source, t he
col | ect or bmlﬁfef¢rﬁb1ﬁea$he(ﬂnnﬂknuaw5251u1dopnmh(iunthemmchmphesbsaa

transfer neansfﬁhﬁﬁabpekﬁtﬁ%glﬂ“ regdeRY Four ¥d r#gﬁﬁﬁﬂmggns and

transferred to the Tirst phase CThange substance contal ne
transfer neans vier ELHig ﬁﬁ“ﬂ@ﬁﬂ%ﬁt%%% Hﬁ&@e‘3ﬁan§§a§u5§ﬁﬁﬁﬁgﬁLE@%HSBOthe

Typical ly,10he fiXsw CebrnvelititigBadsns OMBHES@He cooling means whereby, in
use, movement of the flow converting means drives the pump
_thereby pumping the compressible fluid through the
continuous fluid path. '

Typically, the cooling means is a first accumulator

15 containing a second phase change substance having a
'relatively high latent heat of fusion and a relatively low
melting-point whereby, in use, heat from the compressible
fluid can be absorbed by the second phase change substance
thus fusing a portion of said phase change substance which

20 ‘'cools the compressible fluid passing through the cooling
means.

Typically, the thermo-volumetric motor further comprises a
collector adapted to absorb heat from the external heat
source, the collector being in heat conductive
25 communication with the heat transfer means so that, in use, .
heat absorbed by the collector can be transferred to the
first phase change substance contained in the heat transfer
means wherein a portion of the phase change substance

fuses.

30 Typically, the flow converting means comprises:
a chamber adapted to receive the compressible
fluid and in fluid communication with the heat transfer

means; and



a chanber adapted to recei ve the conpressible fluid and in fluid
communi cation with the heat transfer neans; and VWO 96/ 12890

PCT/ AUQ5/ 00696 -4- a flow structure novably coupled to wher ei n
t he ﬂ#gﬁﬁﬂg onpressible fluid in the chanber forces th gﬁﬁ%%ﬁ@%&%cture to
nove so as to provide notive power. 5 Preferably, the flow structure
conprises a pair of axially spaced apart rotors connected to a shaft
wherein the flow converting nmeans conprisés-a turbine in fluid

conmmuni cation with the heat transfer neans. . Typically, the pair of
spaced apart rotors déf i Rbawassypetare MIvaklesl egupdedi 69 ltthe chamber

chanber t hgrRiiMEeRheSUEhowt NBE. cd)rﬁ%ré@@lblé her GHIPr 6351 ke fkyiaﬂb?

i nj ected |nto sai d ortlgn of the cha and said conpressible
frictionall FORRREReNANGLONUS EICHIEE 1R ROYRr §9 RFtéﬂuE?Q%%@e PAEivROW
converting mpeaeR .conprises: 15 a resilient tube adapted
to carry the conpressible fluid and in fluid communi cation with the
heat transfer means; and engagi ng nmeans configured to operatively engage

t he fldilbIQnﬁﬂa;ahﬂy&ﬂthehélbWoamuhctunpregmgﬁusdﬂta(béir ofhanmgmlyhe

e oboq ERaEue Sapdie CROREEY AR 3% 12 BRAKLISHERLAE BRUPEIONT

one enbodi engagl ng nean [SEeS a ro ati oha
havi ng atI«ﬁﬂﬂVQﬁﬁ?qQﬂmQﬁnﬁxﬁﬂmmﬁﬂQQSaac@wﬁbamesh@ffl%bdthemmunNCGSepnsald

at |east oneurt@ileheZ%eaeam%t%stem bl pyb 121 PRI e f AW Of of
conpressi bl e f|UIg t hrough t he fbgélble t ube causes, sald at | eaSt one

roller to mfP& ?Qﬁ%&er?ﬁgr?o LBRS asSURSEANE 1A loh sealeReRopEdoRde

moti velpowerof the chamber therebetween such that, in use, the
compressible £fluid is injected into said portion of the
chamber, and said compressible fluid frictionally eﬁgages
and thus rotates the rotors.

Alternatively, the flow converting means comprises:

15 a - resilient tube adapted to carry the
compressible fluid and in fluid Communication with the heat
transfer means; and _ ' '

engaging means configured to operatively engage
the flexible tube wherein the flow of compressible fluid

20 through the flexible tube moves the engaging means so as to
provide motive power.

In one embodiment, the engaging means comprises a
rotational structure having at least one roller coupled to
a coaxial shaft so that, in use, said at least one roller
25 can engage the flexible tube and the flow of compressible
fluid through the flexible tube causes said at least one
- roller to move and rotate the rotational structure which

can then provide motive power.

Preferably, said rotational structure. has more than one
30 roller rotationally -coupled to and disposed about the
coaxial shaft so that, in use, at least one of said rollers
engages the resilient tube at any one time wherein the flow
of compressible fluid through the flexible tube ensures

v
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Preferably, said rotational structure has nore than one 30 roller
rotationally coupled to and disposed about the coaxial shaft so that,
i A use, awogsasgoone of said rollers engages the resilient polpAUIENEEs One
time wherein the flow of conpressible fluid through the flexible tube
ensures WD 96/ 12890
PCT/ AU95/ 0069 -5- rotation of the rotational gtructure at all tinmes. In an
alternative enbodi ment, the engagi ng nmeans conpri ses a pair of rotational

StruCt Ur s CoNNogd egle Din A0 ORRBN r60aY BhaihatiruckAsh 5o 831 0R3hegtructure

having at |least 5 one roller used to engage a Ube 0r 4 pair of
flexible tubes, respectively, wherein at |east one of said roll ers engages

one of said flexidl gnt dheeriatdie Wibddiendy Pike &g hfak Er%@ﬁ#ﬁ"
means conprises:._a first t be ada ted to car r'g/ the co aé%g%l bl enlo ls(?s

through the heat®t B e al sfErhc HFF&unﬁ?%e%t%‘Brthlbn 2f CofEmon
first tube, saiccodvelial C@Ha:'ﬂtﬂl neathe ﬁdﬁa&ild@imsesch@@ﬂ@réuh&b&%e a6 Qladst
i n contact th | I I n_use, hea an_be
transferredgl:‘roré{% Y |l§'srt ﬁ%géh é@gige &b i ﬁen% S‘“}’ﬁe bnfr R21%) of
fluid via the fiflexilbbe bf-lbehe hrmetqta.wﬁﬂgr mim::salnT;qn cheédgt ohe bEaEa:Ld
transfer neans f ] agk u g I n ted
to carry a heat f’ﬁians eréﬁé#ggmﬂéﬁegf g%ﬁaUEEQH E ’f"{rlg%st%g %ngt gP f“&r‘
20 fluid can be transferred to the first phase change substance

thereby nelting #heidd1sy, péﬁéehéaénﬁﬁaﬁg?é&aﬂﬁﬁngnéoﬁbfﬁééﬁe' atent heat.

In one exanple, the |j acket is.in fl conmnuni cation wt col |l ector
wherei n heat absorbed by the fdgStectdpecafapteds to carsverthel compressibde

phase chanpe sulElwidethiroughetheahehtatghfisfbkUingdans; and
~a shell surrounding a portion of the first tube,
said shell containing the first phase change substance
‘which is in contact. with the first tube whereby, in use,
latent heat can be transferred from the first phase change
15 substance to the compressible fluid via the first tube of
' the heat transfer means.

Typically,' the heat transfer means further comprises a
jacket surrounding the shell _and ad_apted to carry a heat
transfer fluid whereby, in use, heat from the heat transfer

20 fluid can be transferred to the first phase change
substance thereby melting the first phase change substance
and storing latent heat.

In one example, the jacket is in fluld communication with
the collector whereln heat absorbed by the collector can be

25 transferred to the first phase change substance vla the
heat transfer fluid.

In  another embodiment the heat transfer means further
comprises a éecond accumulator containing a third phase
‘change substance having a relatively high latent heat of
30 fusion, said second accumulator in heat conductive
communication with the. collector and in fluid communication
with the jacket, so that, in use, the heat transfer fluid



In another enbodinent the heat transfer means further conprises a
second accunul ator containing a third phase change substance having a

rel at apgh | atent heat of 30 f usi on, said sec lator in »
ke el etor in

heat tive comuni cation with the collector and in u

comuni cation with the jacket, so that, in use, the heat transfer fluid

WO 96/ 12890 ' PCT/ AU95/ 00696 - 6- can
be preheated by the | atent heat of the thif o phase change substance before

said heat transfer fluid flo to the jacket, Accordi to a secqnd .aspect
of the presef®? menPrs e?ﬁ&ﬁ%y f Jp%WHEd hfarﬁatﬂggthtﬁ ﬁ?’&&‘ ci?@age |

nmoti ve powerchanpei sulgtanrestinpfornd | sabdotuaty thesisfdr oflaideionmweal tdeat
source, on a %Erigcgggse change substance contained in heat transfer neans
~ wherein a'poF on 0 e first phase change substance 10 ° fuses, sai d
first phase change substance having a relatively high |atent heat of

fusion; tran hagd~l @ient fr i | RS
change substgr:lgg?agggnegoﬁi 3 IQF:I% Iggt ia% t he%efggﬁét ?}d%:egfn%?'eﬂs‘}sélﬁle&w%?%re
provi de@ i n &ScBRPVAGSEs ¥ IRgthqsht Fou sprodugingy mekied Deyerh camppising bl e
fluid and ef¢ret sedpa blEew of the conpressible fluid in the fluid path; and
converting the flow of co essible fluid through the fluid path so as to
produce notive power. ?Pﬁgggéﬁgy,eﬁﬁe 9 £ uEXREFNR b BRR e SAREt QP of

20 coolinga flikst qshgsesehihge shbditédncantonttiifidd NPn heditd transfer
conpressible fluid

cooling the 138??5%%’&%5%3?& Eﬁ%t&r}tﬁ\%g‘ff\? ;ci%?%%%h%el @}#ﬂhg?%}tu since
conpr eddi bl efabasd bysaddhafigray pwse wi thange seubutagrwse halrdnge a
subst ance, 2§ela9§¥€ﬂ9 hﬁgheiéEEﬁﬁlheQEQQf E%%qgh; heat - of fusion and
" transferring latent heat from said portion of the
first phase change substancé; upon solidification thereof,
to a compressible fluid provided in a continuous fluid path
15 thereby expanding the compressible fluid and effecting a

flow of the compressible fluid in the fluid path; and
~converting the flow of compressible fluid through

the fluid path so as to produce motive power.

Preferably, the method further comprises the step of
20 cooling the compressible fluid and returning said
compressible fluid to the heat transfer means.

Typically, the step of cooling the compressible fluid
involves absorbing heat from the compressible fluid by
exchanging heat with a sécOnd',phase change substance,

25 having a relatively high latent heat of fusion and a
relatively 1low melting-point, wherein the compressible
fluid is cooled.

Typically, the method further comprises the step of driving
a pump operatively coupled to the flow converting means’

30 wherein compressible fluid is pumped to the heat transfer
means using the pump.



relatively | ow nelting-point, wherein the conpressible fluid is
cooled. Typically, the nethod further conprises the step of driving a punp*

operativ &%g%ﬁbed to the flow converting neans 30 mhereberééggﬁﬁéglble

fluid is pu to the heat transfer neans using the punp.

PCT/ AUQ5/ 00696 -7- Preferably, the nethod further conprises the step of
absorbing heat fromthe external heat source onto a collector which is in
heat conductive conmmuni cation with the heat -t 7amsfer neans, wherein

absor bed heat can be 5 transferred fromthe collector to the first phase
change subst ancePBeferRabh¥at thensmathesanfunthesne compriises haheet laep  of

further conpri Seébéb?bihgp Beak' eFgdld NGhe heXtdrhansl flealt! Vigbuaids ul ﬂ&g a
bet ween t he heat t ﬂ5 q@@&gland an accumul atoy containing a,thir
Vi

phase change sub%? r éBatiVeP§aki fPn Vene%?m‘B‘Fn?-GéFéﬁn Wlth
wherein the prehehée(héwt tramsfer medrs caWhtelreﬁaf eabbegbetio héetf id&h be

phase changg subsiang f_th heat r ansf ns, T

second and/gr t?%?ﬁsgﬁggg& t&% éﬁﬁ?ﬁ%ﬁb ¥§ef§b§$t g@ggﬁdéhange
and/or third hydsnbstaaCeSotespecheaelyraasibrhmeang a high latent heat of
fusion. Preferably the first hydrate salt and the third hydrate salt each

have a nel ting-point of between [err] to [err Preferably the first
hydrate salt andl®henehi egamnpdeatthe omethafit emveompriseat theat step of

fusion of great eﬁBréﬂéQtﬁﬁgk'é OReher asiddfde £XGRE/ IirddlatiaP*BEPUBeh dhe

first hydrate s and the th|rd hydrate salt conprises sodi um acet ate
tri hydrate or feremeans 2and  phsaGAIulataie CRREAINIREr 8t £hird

salt has alDeItlp@h@@lehaﬁbe substance having a relatively high latent heat
of fusion, wherein the preheated heat transfer fluid can
" transfer heat to the first phase change substance of the

heat transfer means.

Typically the first, second and/or third phase change
15 substances are first, second and/or third hydrate salts
respectively, each having a high latent heat of fusion.

Preferably the first hydrate salt and the third hydrate
salt each have a melting-point of between 0°C to 100°C.

Preferably the first hydrate salt and the third hydrate
20 salt each have a latent heat of fusion of greater than 50
kilocalories/litre (kcal/l).

In one example the first hydrate salt and the third hydrate
‘salt comprises sodium acetate trihydrate or a derivative
- thereof.

25 Preferably, the second hydrate salt has a melting-point of
- less than 0°C.

In one example the second hydrate salt comprises of a
stoichiometric mixture of sodium chloride, calcium
chloride, and demineralised water or a derivative thereof.



| ess than [err] In one exanple the second hydrate salt conprises of a
stoichionetric m xture of sodium chloride, cal cium chl ori de, ahd

dem n ' water or a derivative thereof. WO 96/ 13389 u 9
PCT/ A%‘%%G Typically, the conpressible fluid conprises a re¥ rigerant
such as nethane, chloro-difluoro or a derivative thereof. Typically, the

collector is a solar collector adapted to absorb sunlight. 5 Pref erably,
the refrigerant does not contain a hal o'g@n “el ement. BRI EF DESCRI PTI ON OF

THE DRAW NGS.l n.order tg,achieve a hetter_understanding of the nature of

t he presen%’éﬁ?‘?g 'a%&eefcé?nfp&f%ﬁ% n%#flgfcﬁml’ﬁé? - fore{}U‘I%nrfic
not or accor dsught ast hethaneenthilovrertdidiuocrc orow kderdestrivieetheredite
detail, by way of exanple only, with reference to the acconpanying draw ngs
in which: Figure 1 is a schematic of an enbodi ment of a therno-volunetric
motor; 15 Typically, mihgireollectarcrisssassoiliagnatoliesteonkadapked Ito
through one @908ehNBRh195nt!. oW converting neans; Figure 3 is a detailed

plan view of an alternative enbodi ment of flow converting nmeans; and
Figure 4 is a detailed perspective view of sone 20 of the conponents of

the flow conpeefegblPanstBEOWe fiiddtatie AodFTAbkELHEEETHhPTd Ohdogen
PREFERRED E | MENTS As shown in Figure 1, this enbodinent of a

t her mo- vol uUtPPFR ot or 10 conprises a continuous fluid path in 25 the
formof a refrigerant- path 12, and a solar collector 14. The

exanp o mot HEREEF PRECRTERTOROREC e SrARENGE Do Ther oot However, it
is preferablEnforder to achieve a better unde;standing of the nature of ‘
o the present invention a preferred embodiment of a thermo-
10 volumetric motor according to the presﬂen"t. invention will
' now be "described in some detail, by way of example only,
with reference to the accompanying drawings in which:
Figure 1 is a schematic of an embodiment of a
thermo-volumetric motor; '
15 | . Figure 2 is a cross_-sectional view taken axially
through one embodiment of flow converting means:;
Figure 3 1is a detailed plan view of an
alternative embodiment of flow converting means; and
Figure 4 is a detailed perspective view of some
20 of the components of the flow converting means shown in

Figure 3.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
As shown in Figure 1, this embodiment of a thermo-
volumetric motor 10 comprises a continuous fluid path in
25 the form of a refrigerant path 12, and a solar collector
14. The refrigerant path 12 1is adapted to carry a
refrigerant f]_.uid in this example methane, chloro-~difluouro
or a derivative thereof. However, it is preferable for
environmental reasons that the refrigerant is not a
30 halogenated hydrocarbon. '

The continuous refrigerant path 12 includes heat transfexr
means, in this example a first heat exchanger 16, flow



environmental reasons that the refrigerant is not a 30 hal ogenat ed
hydr ocarbon. The conti nuous refrigerant path 12 includes heat transfer

nmeans, | ' xanpl e . a first heat exchanger 16, flow 0
PCT/AUQS?@B%QEﬁ?S- converting neans shown generally as 18, %&%%ﬁ%éééﬁgand
cooling neans, in this exanple a first accunul ator or condenser 20. In a
downstream direction the refrigerant can flow through the fl ow converting
nmeans 18, the 5 condenser 20, the punp 19-a%d-the first heat exchanger

16. A throttle valve 21 is |ocated upstreamof the flow converting nmeans 18
to control flowSoRSiektingrhaiepnsst shewr genenaddy 1€Scdrﬁ)r| gespumphdld. asud

t ube arrangerrenfco(dmngshm@a)ns\/meriﬁl nchig r@:fcéxhﬁ;r‘fé 'ﬂr&&ssﬁécéﬁula%&ougﬁ

a first tube forned,in t §hape of a triple-he The shell contains a
first phase chaﬁé’é’%ﬁi’(ﬁﬁ%ng i TR hits reeadn_f#iEFCHyeﬂattéi%ar?fsbaenﬁnt
acetate trihydratam hedowg ahfehghl vehg hifglaw at@gﬁémtngof ﬁégﬁ{spn #8d athe

| t t of t t h
Tg i Isnﬁoﬁgle% i n(e:ao sea e%xj ack %‘1%2{’(3”] 83n5f‘ﬁg%h‘?e é‘rsFeﬁﬁ qfﬁail’ot aﬁéﬁ%&?gn 5.

carry a heat transthrottliel, vialveni 2lexdspl dovated. upSheepmckef 22hbasfmbw
inlet 24 Tor 1 eCRnGdd Y Headd! @1t QULLEL, 36 {05, dischargi ng vater  The

first heat exchanger 16 furt I ncl udes, seco accumul at or 28
containing a third phase change subst ance. In this exanple the third phase

change substancenes 8itBir théwer @@ nifider S0 IEB tale Lridpyehat %dehEube
ng

third hydrate salt is contained within a vessel 30, the vessel 30 bel
coupl ed to the PEIREGFER: (RRtfsheWwnlegth ex&imhngae refvigeysnt 4ispassed

-recircul atiemn t theolymeadiatkt e Cidhed tire freatisHdpIderaftpiflelRel ks

exanpl e water. The Shelrl contaigssénkkggky gg%l%%;ﬂ%é'g%ﬁgﬂgﬂééxﬂigcéﬁrs
14 via a second !

example a first hydrate salt sodium acetate trihydrate,

having a relatively high 1latent heat of fusion and a

melting-point of approximately 58°C.  The first heat

- 15 exchanger 16 is housed in a sealed jacket 22 surrounding

the shell and adapted to carry a heat transfer fluid, in

this example water. The jacket 22 has an inlet 24 for

receiving water, and an outlet 26 for discharging water.

The first heat exchanger 16 further includes' a second

20 accumulator 28 containing a third phase change substance.

In this example the third phase change substance is a third

hydra;e salt, sodium acetate trihydrate. The third hydrate

salt is contained within a vessel 30, the vessel 30 being

.coupled to the jacket 22 of the first heat exchanger 16 via

25 a first recirculation tube 32 adapted to circulate the heat

- transfer fluid, in this example water. The vessel 30 is

similarly coupled to ;he solar collector 14 via a second
recirculation tube 34-adapted to circulate water.

In this embodiment the solar collector 14 has an upper

30 surface (not shown) exposed to sunlight, the upper surface
constructed - of a material having - relatively low
reflectivity and radiation. The upper surface is coated

with a composite'bitumen/latex product marketed and sold
under a trade mark IMPERSPRAY. The collector 14 has a base



recircul ation tube 34 adapted to circulate water. In this enbodi nent the
sol ar collector 14 has an upper 30 surface (not shown) exposed to

sunli : upper surface constructed of a mat e ng

rel at‘iqatgmu}ﬁl ow reflectivity and radiation. The uppe?bg)f}r ?%/Q@st coat ed
‘With a conposite bitumen/latex product marketed and sold under a trade mark
| MPERSPRAY. The col l ector 14 has a base WO 96/ 12890
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collector 14 is jncreased. The water circul atlg’% roug t he second
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upper surfzf&’eeetofané §’ € oAkt I&%I‘?ggf@glgégp%at ﬂ:o?ﬁsﬁﬁ?‘ k?gaﬁéﬁf:béd on
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shell is then heated VI a the water ci rcuI ating between the second '
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condenser 2Q can take a variety of forns,
34 flows through a corrugated tube (not shown) connected at

each end thereof to the recirculation tube 34. The
corrugated tube is laid in a serpentine arrangement

15 immediétely adjacent the upper surface. of the solar
collector 14. .

Heat from sunlight absorbed on the solar collector 14 is
transferred to the third hydrate ealt contained in the
second accumulator 28 via the water circulating through the
20 second recirculation tube 34.. The first hydrate salt
contained in the shell is then heated via the water
circulating between the second accumulator 28 and the.
jacket 22 of the first heat exchanger 16. '

The condens.er 20 can take a -variety of forms. In this

25 embodiment the condenser 20 comprises a refrigerant tube
(not shown) formed in the shape of a helix, the tube housed
in a shell 36 of the condenser 20. The shell 36 contains a
second phase change substance, in this embodiment a second
hydrate salt being a stoichiometric mixture of sodium

30 chloride; calcium chldride, and demineralised water or a
derivative of such a mixture. ' The second hydrate salt has
a relativeiy_high latent heat of fusion and a relatively
low melting-point, in this example approximately -21°C.



25  enbodi ment the condenser 20 conprises a refrigerant tube (not shown)
~fornmed in the shape of a helix, the tube housed in a shell 36 of the

. cQndenser shell 36 contains a second phase change s
“this errboﬁ(%‘ﬁ@go second hydrate salt being a stoichionmetri ﬁéﬁ%ﬁg‘
. sodi um 30 chloride, calciumchloride, and dem neralised water or

derivative of such a m xture. The second hydrate salt has a relatlvely hi gh
| at ent heat of fusion and arelatively | ow meldi ng-point, in this exanple
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converting neans 18. The valve 21 i's manua controlled such that there

an upstream pr esSEREPIL  afF &5 r?at‘%qssﬂ-tllé'%é?‘l%ms%&‘%mﬁ%%ﬁﬁ@quﬂy

of appr gxu mat el yréfbagerdeiendang ovlgelflow ihe o aldivkdtion | tAedhghPeeHe
required o

he flom/conv means 18. This pressure differential wll
al so depenc}otjn t R8s &8?{'3%?51 q%chnlﬁrbt P h‘L'tire first phase change
substance used, and other related factors. 20 The flow converting

means can %ﬁée A £t yva?{{ ?fll IYALIANS 1 0o ONEREEES " Fow of |

eMmmnmn as shown in B | gure 2
refrigerant to the flow converting means 18. The valve 21

is manually controlled such that there is an upstream
pressure of approximately 15 Bar and a downstream pressure

15 of approximately 8 Bar, depending largely on the rotational
or linear speed required of the flow converting means 18.

. This pressure differential will also depend on the
compressible fluid used, the first phase change substance

used, and other related factors.

20 The flow converting means 18 can take a variety of
configurations. '

In one preferred embodiment, as shown in Figure 2, the flow
converting means comprises a sealed turbine shown generally
as 40. The sealed turbine 40 has a coaxial shaft 42

25 rotationally mounted within a shaft housing 44 via a pair
of bearings 46. At one end the shaft 42 is axially fixed
to a pair of rotors 48A, 48B. A nut 50 threadingly engages
the end of the shaft 42 and fixes the pair of rotors 483,
48B to the shaft 42 with a spacer 50 located therebetween.

30 The rotors 48a, 48B are housed in a turbine casing 54 which
is connected to the shaft housing 44.

An opposing pair of seals 56A, 56B is located within the
turbine casing 54, disposed about the shaft 42 to prevent
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housed in a turbine casing 54 which is ctdehected to the shaft housing 44. _
An opposing pair of seals 56A, 56B is |located within the turbine casing 54, .
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means conprises a seal ed turbine shown generally as 40. The
I ne 40 has a coaxial shaft 42 25 rotationally nmounted within a

shaf t ' 44 via a pair of bearings 46. At one end 42 is
-axi a|‘rV§%3’f1§@§ to a pair of rotors 48A, 48B. A nut 50 th?ég'guﬁg% ngages
the end of the shaft 42 and fixes the pair of rotors 48A, 48B to the shaft

pacer 50 | ocated therebetween. 30 The rotors 48a, 48B are

of seal retalners

Lsoé;ét hi shaft housi ng&é{. A pair . €

t Ot MEPTRT BT n@ 1Rt e sMghinenccasing 54 sabeutt ¢heol d

each of the stesfts ﬁﬁﬁ?o5ﬁ8 tﬁ-nbhggeaéh of\ &héibﬁél%esbAgrB?B?Qgﬁﬁhah%.?SEd
te. ‘shaft tq prevent .t ress of |ubricant from
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casi ng 54 arftheeghsafthd2pate preventr £hi8/eguéss wofhilubticamsi figoh4 thi0

Ncht @lfoldi c@nigcts to the shaft housing 44 and retains the
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wn in ﬁg@ur s 3 and 4_an alternative_enbodj nent  of >
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%et?ﬁtb 2Qhe eé@af Oa%rggggmrel%tld' : th-le-heogggssi{]g %fi Igf the
shaft 42. A nozzle (not shown) is connected to the turbine
casing 54 and is designed to inject refrigerant into a
substantially sealed chamber 61 defined between the rotors

48A, 48B.

As shown in Figures 3 and 4 an alternative embodiment of
the flow converting means 18 comprises a resilient tube 138
and engaging means, in this example a rotational structure
or rotor 140. The resilient tub€ 138 is coupled at each
end to a housing 142. The housing 142 is substantially
cylindrical in shape. The tube 138 is adapted to carry the
refrigerant and is in fluid communication with the first
heat exchanger 16.

The rotor 140 comprises a coaxial shaft 144 connected to a
pair of axially spaced triangular-shaped plates 146. A
roller 148 is rotationally coupled between opposing apexes
of the pair of plates 146. Three rollers 148A, 148B, 148C
are thus disposed about the pair of plates 146 with an
angle of approximately 120° between adjacent rollers 148.

The axis of rotation of each roller 148 is substantially’

‘parallel to the axis of the coaxial shaft 144.

The rotor 140 is rotationally supported in the housing 142
so that at least one of the rollers 148 contacts and



pi/l i ndrical in shape. The tube 138 is adapted to carry the refri-gerant and
Is in fluid communication with the first heat exchanger 16. The rotor 140

. conprises a coaxial shaft 144 connected to a 25 air ced
Ctriangul YOI plates 146. . Aroller 148 is rofatlonal M'ﬁ%{@g&

- bet ween opposi ng apexes of the pair of plates 146. Three rollers 148A,

- 148B, 148C are thus disposed about the pair of plates 146 with an angl e of
approximately [err] between adjacent rollerst348. 30 The axis of rotation
of each roller 148 is substantially parallel to the axis of the coaxi al

shaft 144. The negi¥ienmplys defiarmangbey sepbbiert ithwbehel?8usi nd 1@bowo of
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absorbs heat fromthe sunlight. Wter in the corrugated tube,

connected to the second_recircul ation tube 34, is thus heated and . heat:
therefrom 15 QRSFAR%EPRePEL t Fhq nEhegHoryolppataic mOFT Sdhi G

trihydratgeo cobeweaiyithonw beedesesebedliaf debaisecond accunul ator 28.
When the third hydrate salt fuses |atent heat is stored in the second
accunul at or 28.

The solar collector 14 is exposed to sunlight and the upper
IMPERSPRAY surface absorbs heat from the sunlight. Water
in the corrugated tube, connected to the second
recirculation tube 34, is thus heated and heat therefrom
15 . transferred to the third hydrate salt sodium acetate

‘trihydrate, contained within the vessel 30 of the second
accumulator 28. When the third hydrate salt fuses latent
heat is stored in the second accumulator 28. '

Water recirculating through-the first recirculation tube 32
20 cools the third hydrate salt and, upon solidification of

the hydrate salt, absorbs heat in the form of latent heat.

The heated water then exchanges heat with the first hydrate

salt contained in the shell of the first heat exchanger 16.

A portion of the first hydrate salﬁ then fuses and stores
25 latent heat.

The refrigerant path 12 has been charged with the
refrigerant £fluid, in this example methane, chloro—
difluoro. ~The refrigerant in the first tube of the heat
exchanger 16 cools the first hydrate salt causing it to
30 solidify and the refrigerant then absorbs the latent heat
of the fifst hydrate salt. The refrigerant thereby expands
and a flow of refrigerant through the refrigerant path 12
is effected. The pump 19 upstream of the heat exchanger 16



Water recirculating through-the first recirculation tube 32 20 cool s the

third hydrate salt and, upon solidification of the hydrate salt, absorbs

heat h8§§9 %frn1of | atent heat. The heated water then exchanges heat with
| ﬁ? ate salt contained in the shell of the fi &I 0636c hanger
| at ent

the f

16. A portion of the first hydrate salt then fuses and stores 25
heat. The refrigerant path 12 has been charged with the refrigerant fluid,
in this exanpl e nethane, chloro- difluorol4 ~The refrigerant in the first

tube of the heat e hanger 1.6 cools the first hydrate salt causing it to

30 solidif3°af@* s Wdran®St MesiRahsabhve) a@nd kBare§prendhe rst

hydrat e sal trefihbgeeant gdilanis tfwsebyhexprids eéR6hangbsWie ¢&f theers
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heat exchanger
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refrigerant frictionally gp ages the rotors, 48A, 48B a
rotation of 19&#1+%t PETaER0 : ly &
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are arranged_ such that at
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depicted in figures 3 and 4 the refrigerant is injected
into the resilient tube 138. The flow of refrigerant
through the resilient tube 138 forces one of the rollers
148 to move relative to the housing 142. The shaft 144 of
the rotor 140 is thus rotated. As best shown in Figure 3
the rollers 148 and tube 138 are arranged such that at
least one roller 148 presses againstior engages the tube
138 at any one time. Hence, the transfer of motive power
to rotor 140 is maintained substantially continuously
during rotation of the rotor 140.

The pump 19 is operatively coupled to the. shaft 42 or 144
and also rotates thereby pumping refrigerant through the

-refrigerant path 12.

The throttle valve 21 is adjusted so that a selected flow
of refrigerant passes through the flow converting means 18.
This will vary depending on the factors described above.

Refrigerant then flows to the condenser 20 through an

- enlarged diameter tube wherein the refrigerant expands and

cools. The refrigerant is at this stage at a temperature
greater than the melting-point of the second hydrate salt.
Consequently the refrigerant transfers heat to the second
hydrate salt fusing the salt, and therefore the refrigerant

*forces one of the rollers 148
the rotor 140



| east one rol ler 148 presses agai nst or engages the tube 138 at any one
time. Hence, the transfer of notive power to rotor 140 is naintained
substantl 4 fﬁgﬁlnuously 20 during rotation of the rot punp
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Is adjusted so that a selected flow 25 of refrlgerant passes through the
fl ow converting nmeans 18. This will vary deb iThg on the factors descri bed
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fl ow converting 8 V¢ VﬁhgltﬁPHFtP€°V&§%BQZT°FHH§ BPﬂ?Fdlng moti ve
power. Now that preferred enbodi nents of the present invention 10 have
been described it wll he a rent to persons skilled jn the relevagnt arts
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t herno-volunmetric notor can be a
the following advantages over the admitted prior art:

»

(1) the thermo-volumetric motor - has no
environmentally unsafe combustion products;
15 (2). the thermo-volumetric motor can be adapted to

utilise heat from sunlight absorbed on a solar collector;
(3) the thermo-volumetric motor uses phase change
substances to store energy in the form of latent heat which
can then be used to provide motive power;
20 (4) the thermo-volumetric motor can be adapted to use
energy such as solar or waste energy which is generally not
a limited resource such as, for example, is the case with
mineral fuels;
(5) the thermo-volumetric motor is cold running and
25 therefore does not require cooling which may detract from
its efficiency; and,
(6) the thermo-volumetric motor operates without
combustlon noise.

It will be apparent to persons skilled in the relevant arts
30 that numerous variations and modifications can be made to
the thermo-volumetric motor and method for providing motive
power in addition -to those already mentioned without
departing from the basic inventive concepts of the present
invention. For example, the flow converting means may
35 comprise a turbine means which is adapted to be driven by
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whereby, in use, the £first phase change substance can

absorb heat from the external heat source thus fusing a
portion of said phase change substance, and thereafter said

15 portion of the phase change substance can solidify thus
releasing latent heat which is absorbed by the compressible
fluid thereby expanding and thus effecting a flow of the
compressible fluid through the flow converting means to
provide motive power.

20 2. A thermo-volumetric motor as defined in claim 1
further comprising cooling means in fluid communication
with the heat transfer means and the flow converting means
so that the compressible fluid can be coocled by the cooling
means before said compressible fluid is heated by the heat

25 transfer means.

3. A thermo-~volumetric motor as defined in claim 2
further comprising a pump operatively coupled to the flow
converting means and in fluid communication with the heat
transfer means, the flow converting means, and the cooling

30 means whereby, in use, movement of the flow converting
means drives the pump thereby pumping the compressible
fluid through the continuous fluid path.



converting nmeans and Tn Truid conmmuni cation with the heat transfer neans,

the flow convertl ﬂl’!ﬁ cooling * 30 nmeans whereby, in use,
nove he f !'"F'I & ans drives the punp tp€.€<§ §@i ng the
corrpﬁggts?l segafl ui d+*t hr oug ti nuous fluid path. JB%%%ZBQO 18 -
4. A thernmo-volunetric notor as defined in either claim 2 or 3
wherein the <cooling neans is a first accumulator containing a second

phase change substance having a rel ati vel$ hi gh Iatent heat of fusion and a

5 rel atlvgly | ow msltlgq oi nt wherebK in use, heat fromthe
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of the precedi ngec aims wherein the flow converting nmeans conprises
a chanber a&¥ nGe WESH €QHS- conpressible fluid and in fluid
conmuni cati on W|th the heat transfer neans; and a flow structure nmovabl y

coupl ed to the chanbe ereint flow of conpressi idin the
chagber 5 ‘forces t TALTY We e 19 Wnggs@sa g‘?ﬁl ‘gvﬁ'aeat?é{i%e

power .10 of the preceding claims further comprising a collector ‘
adapted to absorb heat from the external heat source, the
collector being in heat conductive communication with the
heat transfer means so that, in use, heat absorbed by the
collector can be transferréd to the first phase change
15 substance contained in the heat transfer means wherein a
portion of the phase change substance fuses.

6. A thermo-volumetric motor as defined in any one
of the preceding claims wheréin the flow converting means
comprises:

20 a chamber adapted to receive the compressible
fluid and in £fluid communication with the heat transfer
means; and | o

a flow structure movably coupled to the chamber
wherein the flow of compressible fluid in the chamber

25 forces the flow structure to move so as to provide motive
power.
7. A thermo-volumetric motor as defined in claim 6

wherein the flow structure comprises a pair ~of axially
spaced apart rotors connected to a shaft wherein the flow
30 converting means comprises a turbine in fluid communication

with the heat transfer means.

8. A thermo-volumetric motor as defined in claim 7

wherein rthe pair of spaced apart rotors define a
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7. A t her no- votumetriec—notor—as—defined in claim6 wherein the fl ow
structure conprises a p& aced apart rotors connected to a *
shaft V\hemgmmoflowjm[!ll mgmaﬂj ﬂgreans conprises a turgdRgubdiocksei d
icomuni cation with the 8. A therno-volunetric
:motor as defined in claim7 wherein the pair of spaced apart rotors

define a - 19 - substantially sealed portion of the chanber
t her ebet ween such that, in use, the conpressi:b?e fluid is injected into

said portion of f reSS|befIU| frictionall
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t ube V\/nere1 n the flow of conpressible fluid through the flexible tube noves
the engaging neans so as to provide notive power. 15 10.

t her no- vol uget rit: notor ashdéherae-vielametyis \ietes nashdefigeg ngl NBRYs one
conprises a rotasf onglaghsuciur eohagi Nnghateligastnane fllglwl eEoﬁ%E"t‘igxgt Om%ans
coaxial shaft so that, - in use, said at |east one roll can engaget
flexible tube artPTHEL$®Biv of compressible fl uid through 20 the fl eX| bI e

tube causes said at |east @ane resikieh® nov@band ka@hptedt hetbot athaeRd  the
structure which %

t her no- vol umetrlgc %%%%gﬁlgi% #?Hégof"ﬁ cF§O$E6%8MPH1§8FG°PO{”&FPOﬁéﬂe heat
structure hfs norxansfer oneanst | and25 rotationally coupled to and
di sposed about the coaxi al

engaging means configured to operatively engage
the flexible tube wherein the flow of compressible fluid
through the flexible tube moves the engaging means so as to
provide motive power.

15 10. - A thermo-volumetric motor as defined in claim 9
wherein the engaging means comprises a rotational structure
having at least one roller coupled to a coaxial shaft so
that, in use, said at least one roller can engage the
‘flexible tube and the flow of compressible fluid through

20_' the flexible tube causes said at least one roller to move

' and rotate the rotational structure which can then provxde
motive power.

11. A thermo-volumetric motor as defined in claim 10
wherein said rotational structure has more than one roller
25 rotationally coupled to and disposed about the coaxial
shaft so that, in use, at least one of said rollers engages
the resilient tube at any one time wherein the flow of
compressible fluid through the flexible tube ensures
rotation of the rotational structure at all times. |

- 30 12. A thermo-volumetric motor as defined in claim 9
- wherein the engaging means comprises a pair of rotational
structures connected by a common coaxial ‘shaft, each
-rotational structure having at least one roller used to
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shaft so that, in use, at Teast ome—of said rollers engages the resilient

iggii %’;632{1*;;? tehm"m?mmnu"ﬂﬂ wow of conpressible fluid through the

the rotational stru n?%(mg\# tinmes. ;
A tHerfro-volunetr=C notor as defined inqé#g‘?u erein the

engagi ng nmeans conprises a pair of rotational structures connected by a
common coaxi al shaft, each rotational structure having at |east one roller
used to WD96/ 12890 PCT/ AU95/ 0069620 20 - engage a flexible tube
of a pair of flexibl respectively, wherein at |east one of said.

t ubes,
rol | ers engafega8fe Bf géﬁﬁq’i@xi Brket ypEs at RadT oref t ifkexible tubesy

t her mo- vol uneéspectnielyas wirireied 4t BsWs©N6né ofOkalife fyaed Nhdd FddT®
wherein the heat f%ransfer meaﬁtig rises: a first tube adapted to carry
the conpress?BFef| GRGY AtSEIRLENEIRES: oFr 2RYF SRS ddMe- and a shel |

surrounding a portion of the first tube, 10 said shell containing the

first phase ange subgt 11 i s.dn c ith the first tube :
whereby, in :Eis]'e, Iaten‘fﬁ %%%?m\ggﬁéﬁ%reﬁs é}{rﬁégg f_rygmrqﬂ%rﬁ# st? pfi¥e fange
subst anée t o*fhdhoynpressding f¢latmsi wherein rehet hieatof trapsfieat meaansf er
means. 15 d4mprises: A therno-volumetric notor as defined in claim 13
wherein the heat transfer_,reans further conprises a jacket surrounding the
shel | and adapted to c&r rf)?-ré%e'é?b?rmr‘?lﬁﬁ?d a@ranebihe| campxessidled rom

the heat trapphed thubdghatheehbhtnthkahsedrt fehhe;f anst Phase change
substance 20 t her eby mﬁl tllln% the first hase chgnge sybstance and
storing | atent heat. 1%. 5%€ NEEOAFING, &, RATE1oneEr the ddrstedube.

claim 18 whesaid tdiwe]hcleintiaining | whe ciiryoi oohase VitHdhdgd e substance ‘
which is in contact with the first tube whereby, in use,
latent heat can be transferred from the first phase change

substance to the compréssible fluid via the first tube of
the heat transfer means.

15 14. A thermo-volumetric motor as defined in claim 13
wherein the heat transfer means further comprises a jacket
surrounding the shell and adapted to carry a heat transfer
fluid whereby, in use, heat from the. heat transfer fluid
can be transferred to the first phase change. .substance

20 thereby melting the first phase change substance and
storing latent heat.

15. A thermo-volumetric motor as definéd in claim 14
wherein the jacket is in £luid communication with the
collector wherein heat absorbed by the collector can be

25 transferred to the first phase' change substance wvia the
heat transfer fluid. '

16. A thermo-volumetric motor as defined in claim 15
wherein the heat transfer means further comprises a second
accumulator containing a third- phase change substance
30 having a relatively high latent heat of fusion, said second
accumulator in heat conductive communication with the
collector and in fluid communication with - the jacket, so
that, in use, the heat transfer fluid can_ be preheated by



coI | ector. wherein Tlvahﬁbsepbad_byLe col l ector can be 25 transferred to
the first phase cha !ﬂgﬁstance via the heat transfer fluid. 16. A*

t her no- v L @unrmu n claim15 wherein the heat transfer
means fu%ﬁg&i{gg&rrpr L “urrul ator containing a tRFVAULYAEIS
‘change substance 30 haV|ng a relatlvely high | atent heat of fusion, said

'second accunul ator in heat conductive conmunication with the coIIector and
in fluid communication with the jacket, so-tRats in use, the heat transfer
fluid can be preheated by W 96/ 12890 PCT/ AUQ5/ 00696 - 21 - the
| atent heat of the iateotphess crfantke sthirdnpbabef changei gubstaniceatsifire

fluid flows {0 kheal REke! pridster £1AdRIGM LA BEOJuEkag Mt ive pover

conprising the steps o absor bing rom an external
heat source, on a first phase change substance cont ai ned in heat transfer

means wherein agportion o tieHdd StEoRNASFoGNANS ﬁBtﬂiV@nCﬁO‘I’é‘fet oD taéﬁg‘g
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first phase qgnge subs ance having a relatively high l[aten
fusion; 10 t teps;p nsferring latent heat fromsaid portion of the
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fluid to 28 the heat tr@ﬁéﬁ§feﬂf§ﬂ§ 14fent heatArPBhN2Yi HOboRPEREHC LI the

notive power as deétl: neg
phase change substance, upon solidification thereof,
to a compressible fluid provided in a continuous fluid path
thereby expanding the compressible fluid and effecting a
flow of the compressible fluid in the fluid path; and
15 converting the flow of compressible fluid through

the fluid path so as to produce motive power.

- 18. A method for producing motive poWer'as defined in
claim 17 further comprising the step of cooling the
compressible fluid and returning said compressible fluid to

20 the heat transfer means.

19. A method for producing motive power as defined in

. claim 18 wherein the step of cooling the compressible fluid
involves absorbing heat from the compressible fluid by
exchanging heat with a  second phase change substance,

25 having a relatively high 1latent heat of fusion and a
relatively 1low melting-point, wherein the' compressible

fluid is cooled.:

20. A method for produéing'motive power as defined in
any one of élaims 17 or 19 further comprising the step of
30 driving a pump operatively coupled to the flow converting
means wherein compressible fluid is pumped to the heat
transfer means using the pump. ' '



claim 18 wherein the step of eeoting the conpressible fluid invol ves

absorbing heat fromthe conpressill e fluid by exchanging heat wth &

secon@ammhan%nmmml‘ﬁm‘@l - having a relativel ycfa@bsindssd €Nt heat o
r * -

of fusion and a | ting-point, wherein the

conpressible fluid 1s ‘ool ed. 20. A method for produci ng notive power’
as defined in any one of clains 17 or 19 further conprising the step of 30
driving a punp operatively coupled to theé?% 1ow converti ng nmeans wherein

conpr essi bl luidis o-the heat transfer. neans using .the :
96/ 12890 21! Pd/’g\%g%%%‘%gﬁég %Egau‘éir.’g MOTIVR REFRGd aFo#MWg
notive poweranys oméi ofd dlaimsy Uhetof 201 Funther taomir faindethe ogpepsioty
the step Off‘%& ' fr he.gxte t ce a coll ector
which is in heat 115c):I(')Ilrilgélur(}t'?léj%/te cggnbr%ni%g%i O%Q%Lfﬂﬁg. ﬁgﬁgé-' hgg’g&%ter avefe 2
nmeans, Wwher@hLe@ER¥ bwhigdatie adnhheatnspadustiveocommuritationr widh he

first ppase wh@ndeatibehrameFedf haankeatwhepashel aBBdrBed’heat card be
t her no- vol unetri c_not o& s defi nedFquanXHone of claims 17 to '-?1 Cf urt her
1 a

conpri si ng tHPARTEFFHRD 1670 R Eattq r BRef finatyi Bhase c ghanosy
bet ween t he swdedtdneaséLrtiieaiéatntrans feguBhAE0r containing a third phase
change substance having a relatively high latent heat of fusion, wherein
the preheated heat transfer fluid can transfer heat to the first phase
change substZhce of tHe tBermhewblumensier mokars.a23defined An any one

t her no- vol ur@friglamgorpor tod et gt}{:%i g‘é&%ﬂ%ﬁm&h e gggﬂergggrs]d

defined in any one o t he precedin i MEreriT the Tir S
and/ or1@hi r PEAheatidange Realkt snansfere fIuidt circudatdngndpetween r ¢heo q

hydrate sal tifedtespeahs¥ely medd@ Y| 88 ackufilladbeNtcdift@ining a third
| phase change substance having a relé.tively_ '_h_igh latent heat
of fusion, wherein the preheated heat transfer fluid can
transfer heat to the first phase change substance of the
15 heat transfer means. |

23. A thermo-volumeﬁric motor or a method for
producing motive power as defined in any one of the
precedir_lg claims wherein the first, second and/or third
phase chanée substances are first, second and/or third

20 hydrate salts respectively, each having a high latent heat
of fusion. |

24. A thermo-volumetfic motor or a method for’

producing motive power as defined in claim 23 wherein the
_ first hydrate salt and the third hydrate salt each have a
25 melting-point of between 0°C to 100°C.

25.. A thermo-volumetric motor or a method . for

producing motive power as defined in claim 23 wherein the

first hydrate salt and the third hydrate salt each have a

latent heat of fusion of gréater than 50 kilocalories/litre
30 (kcal/l).

26. A thermo-volumetric motor or a method for

producing motive power as defined in claim 23 wherein the



ic notor or a nethod for

pr oduci ng m)tlve po (ﬂmm in claim23 wherein the first hydrate '
salt and d h ave a 25 mel ti ng po en
[err] to\&gegr‘{‘% ﬁ jwﬂﬂ urretric not or i’%ﬁ%&@%{fr .
‘produci ng notive power as defined in claim23 wherein the first hydrate
‘salt and the third hydrate salt each have a | atent heat of fusion of
greater than 50 kilocalories/litre 30 (kc@B/ ). 26. A

t herno-volunetric notor _ or a nethod for produm ng_notive ovver as |
defined in clai fixstwhbyératenesalt wang/ 1tieeo thirdchydsieos ognprises

first hydrate saldqidnd ddecddd rt@rihﬁfﬂﬁé@e%ﬁa%@ﬂé@ﬁvé%é%&@et ate
trihydrate or a derivative thereof. A therno-volunetric notor
or a method for producing notive povver as defi ned in claim23 wherein

}A\he E secolnd lzydr at e sala hﬁhemm{rblﬁggﬁﬁi{ﬁt mfotdbess dihana[ eelthod. for
t her mo- vol umet r.i 1Dt Or a__ et ha Iy oduci mobive, ovver a
defined in clai B %&gelrﬂo?ﬁ‘éesgggﬁﬁ Wdr%ﬁ%%%tnéoﬁggf@egb réin “the
st oi chi onet¥i c siecomd hyfdrate walthllas de mehttirighpoﬁtﬂmroﬁje],emcthan 0°c. -
dem neralised 10 water or a derivative thereof. 29. A

t herno-volunetric notor or a nethod for producing notive power as
defined in any one of the preceding clains wherein the conpressible fluid

conprises a refpiggerant such @RefRbDGHLumELEDEO- HiokbROr @07 & liethod for

derivative thereof
producing motive power as defined in claim 23 wherein the

4
of fusion.

second hydrate salt comprises of a stoichiometric mixture
of sodium chloride, calcium chloride, and demineralised
10 water or a derivative thereof. '

29. A thermo-volumetric motor or a method for

producing motive power as defined in any one of the

preceding claims wherein the compressible fluid comprises

a refrigerant such as methane, chloro-difluoro or a
15 derivative thereof



