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energy stored in the form of latent heat.

Background to the Invention

There are a myriad of motors which are commercially
15 available. The motors are usually driven by combustible
fuels, electricity, solar energy, or a combination of any one
or more of these sources of'energy. Each energy source has
its own drawbacks. For example, most combustible fuels when
burnt produce gases which are harmful to the environment.

20 Furthermore, if the fuel is not completely burnt the unburnt
fuel can be exhausted and also adversely affect the
environment.

‘Alternative sources of energy, such as photovoltaic generated
électricity'has been used for driving motors. Electricity in

25 remote areas is somewhat restricted in that the storage of
- sufficient quantities of electrical'energy in, for example,
batteries takes up large amounts of space, is relatively
expensive, and can also be extremely heavy. Solar energy is
inherently restricted for at least the following reasons.

30 ‘Solar energy is only available during sunlight hours and may
" vary in intensity depending on the season of the year.
Particularly cold areas of the world may never 1lend
themselves to solar energy as an alternative energy supply.
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Summa. of the Invention

An intention of the present invéntion is to provide a thermo-
15 volumetric motor which can operate relatively efficiently and
environmentally safely.

According to a first aspect of the present invention there is
provided a thermo-volumetric motor-comprisingf
a continuous incompressible fluid path, adapted to
20 carry a substantially incompressible  fluid, said
incompressible fluid path having pressure transfer means and
- actuating means in fluid communication with each other; and
a continuous compressible fluid path, adapted to
carry a substantially compressible fluid, said compressible
25 fluid path having heat transfer.means.;n fluid communication
-with the pressure transfer means, the heat transfer means
- comprising a first phase change substance having a rélatively
high latent heat of fusion whereby, in use, heat from a heat
source can be absorbed by the first phase change substance so
30  that at least a portion of the first phase change fuses and
thereafter when said. portion of  the first phase change
substance solidifies and releases latent . heat the
compressible fluid can absorb said latent heat and expand,



carry a substantially conpressible fluid, said conpressible 25 fluid path
havi ng heat transfer neans in fluid comrunication wth the pressure
transfer m¥MAL6/19686¢ heat transfer means conprising a fi rPqu"g 635
change substance having a rel atively hi gh | atent heat of fusion
whereby, in use, heat from a heat source can be absorbed by the first
phase change substance so 30 that at |east @ portion of the first phase
change fuses and thereafter when said portion of the first phase
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pressure transf ParRrRUSHIPEIRg t Hhe actuating neans whiqh @an ibe rdanted to
al ong the inconpseseidé embting powerpath thus noving the -actuating neans

whi ch can be adapted to provi de notive power. 5 - Typically, the
-conti nuous conpressible fluid path further conpri ses cooling neans in -
fluid commubi catTypioallyi héheeatontinudusinsbmpressiblend iviel pp&SRUfurther
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t he actuating nmeans ) | d_conmuni_cation rans
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novenent offgt he gednetdPAomaRA8S drives the punp thereby punpi ng t he
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Typically, the therno-volunetric notor further conprises a col l ector

i n heat conductimeeferablyfathen conigrddsdbBleatcontinuous fluid path further
comprises a pump operatively coupled to the actuating means
and in fluid communication with the heat transfer means, the
cooling means, and the pressure transfer means wherein

15 movement of the actuating means drives the pump thereby
pumping the compressible fluid through the compressible fluid
path.

Typically, the thermo-volumetric motor further comprises a
collector in heat conductive communication with the heat
.20 transfer means whereby, in use, heat absorbed by the
collector from a heat source can be transferred to the first
phase change substance included in the heat -transfer means.

Preferably, ‘the pressure transfer means comprises a piston
slidably received in a cylinder defining a compressible fluid
25 - . chamber on one side of the piston, said compressible fluid
chamber adapted to receive the compressible fluid, and an
incompressible fluid chamber on an opposite side of the
piston, said incompressible fluid chamber adapted to receive
incompressible- fluid whereby, in use, expansion of the
30 - compressible fluid as effected by the heat transfer means can
move the piston relative to the cylinder thereby foréing the
incompressible fluid through the incompressible fluid path.



20 transfer neans whereby, in use, heat absorbed by the
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Typically, the cooling means  is a first accumulator

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

20 fluid can be absorbed by the second phase change substance

thus cooling the compressible fluid passing through the
cooling means. |

In one embodiment, the thermo-volumetric motor further
comprises a heat exchanger in fluid communication with both
25 the actuating means and the cooling means whereby, in use,
' heat generated by the incompressible fluid when forced from
. the pressure transfer means can be transferred to the
compressible fluid via the heat exchanger thus expanding the
compressible fluid. ; '

30 Alternativ_ely, the heat transfer means further includes the
heat exchanger so that heat generated by the incompressible
fluid when forced from the pressure transfer means can be
transferred to the compressible fluid via the first phase
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nmel ting-poi nt whereby, in use, heat fromthe conpressible 2 an be
-absor bed’ W?ﬂkﬂﬁ%cond phase change substance t hus cool %ﬁ#@gﬁ%
"conpreSS|bIe fluid passing through the cool i ng neans. I n one
enbodi ment, the therno-volunetric notor further conprises a heat
exchanger in fluid commnication with both®5 the actuating neans and the
cool i ng neans whereby, in use, heat generated by the inconpressible
fluid when focbsuger §ﬁb5tancﬁhé-rq5?1é1§§5ﬂr dn the theatrtamansfer meanainsf erred
to the conpr essi bI e fluid via the heat exchanger thus expanding the
conpressible fluid. Al ter nat ively, the heat transfer neans further
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be transL ed to the co re55|blethU|d via the first phase
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-5- change substance i.ncl uded |n the hheat transfer neans. -
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hydraul i ¢ not R Rl ty’trtaﬂfsfé%a d g , conpri ses:

a first tube gggﬁ'tcggilyorzéarr\él ng. the conp ?nes%sr&nb ‘ui d through the

heat transfer means; and first tube adap‘éeéhéq:r mlwn@’l¢r@mﬁ>¥%$sphése
change substag§8id through the heat transfer means; and :

a shell containing the first phase change substance

10 said substance in heat conductive communication with the

first tube whereby, in use, latent heat can be transferred

from the first phase change substance to the compressible
fluid via the first tube of the heat transfer means.

More typically, the heat transfer means further comprises a

15 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
thereby melting the first.pha'se change substance and storing
latent heat.

20 In this embodiment, the jacket is in heat conductive
communication with the collector wherein heat absorbed by the
collector ‘can be: transferred to the first phase change
substance via the .heat transfer fluid. '

‘In another  embodiment ‘the heat transfer means Ffurther
25 comprises a second accumulator containing a third phase

change substance, said second accumulator in heat conductive

communication with the collector, wherein the heat transfer

'£luid can be preheated by the latent heat of the third phase

change substance before said heat transfer fiuid flows to the
30 jacket.



10 sai d substance in heat conductive comuni cation with the first

t ube whereby, in use, |atent heat can be transferred f I rst E
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t he heat transfer neans. - More typically, the heat transfer neans
further conprises a 15 jacket surrounding the shell and adapted to carry
a heat transfer fluid whereby, in-u$e~- heat fromthe heat transfer
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pressure transfer means thus moving the pressure transfer
.'means which then forces an _incompre'ss-ible fluid through an
.15 ; actuating means thus producing niotiv_e power from the

actuating means.

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

20 Preferably, the method further comprises the step of driving
a pump operatively coupled to the actuating means wherein the
compressible fluid is pumped to the heat transfer means using

the pump.

More typically, the method further comprises the step of '

25 absorbing heat from the heat soufce onto a collector, wherein
the absorbed heat can be transferred to the first phase
-.change substance of the_ heat transfer means.

Preferably, the step of cooling the compressible £fluid

involves absorbing heat from the compressible fluid by

30 exchanging heat with a second phase change substance, having

| ‘a relatively high latent heat of fusion and a relatively low
melting-point, wherein the compréssible fluid is cooled.



rélatively hi gh | atent heat of fusion; ' transferring | atent
heat fromthe first phase 10 change substance, upon solidification
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pressure transfer neans thus noving the pressure transfer means whi ch
then forces an inconpressible fluid through an 15 actuating neans thus
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nmet hod further. conprises the step of
10 More typically, the first hydrate salt and the third hydrate
salt has a melting-point of between 0°C to 100°C.

Preferably, the first hydrate salt and the third hydrate salt
each has a 1atent heat of fusion of greater than 50
kilocalories/litre (kcal/l).

15 In one example,.the first hydrate salt and/or the third
hydrate salt comprises sodium acetate trihydrate or a
derivative thereof.

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

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

" Typically, the incompressible fluid is a liquid hydrocarbon,
such as oil or a derivative thereof.

25 Preferably, the compressible fluid is a refrigerant such as
methane, chloro-difluoro or a derivative thereof.

More preferably, the refrigerant does not contain a,halogen
element. ' '



transferring specific heat fromthe inconpressible fluid, said
speci fic heat generated when the inconpressible fluid is C from
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exchanger. | : Typically the first, second and/or -third phase change
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typical ly, the_flrst hydrate salt and the third hydrate salt has a
mel ti ng- poi Brie gEARtADR the Dyewand)] C. Preferably, the first
hydrate salt and the third hydrate salt each has a | atent heat of

fusion of greater, than 50 ki localories/litre (Kcal/l). 15 In one
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Detailed Description of Preferred Embodiments

¢

10 As shown in Figure 1, a thermo-volumetric motor 10 comprises:
" a continuous incompressible fluid path in the form of a
hydraulic oil path 12, a continuous compressible fluid path
in the form of a refrigerant path 14, and a solar collector
18. The hydraulic oil path 12 and refrigerant path 14 are
15  adapted to carry a hydraulic oil and a refrigerant fluid, in
this example methane chloro-difluoro or a derivative thereof,
respectively. The solar collector 18 is'adapted to absorb

heat from a heat source, in this example sunlight.

The hydraulic oil path 12 includes pressure transfer means in
20 this example a pair of hydraulic cylinders 20A, 20B located
| in é parallel flow'arrangement. The oil path 12 further
comprises actuating means, in this example a hydraulic motor
22, in fluid communication with a first heat exchanger 24.
Downstream of thé first heat exchanger 24, the oil path 12
25 further comprises an oil reservoir 26, located upstream of
.the hydraulic cylinders 20A, 20B. In this example, the oil
reservoir has'a capacity of approximately twenty (20) litres
of hydraulic oil. The first heat exchanger 24 comprises a
shell through which the oil flows, and a tube through which
30, the refrigerant flows and absorbs heat from the oil.

The refrigeranﬁ _path. 14 comprises a pump 28 opératively
coupled to the hydraulic motor 22, and heat transfer means,
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- 8- Bri ef Description of the Draw ng In order tqQ achieve
better und®eo&tléPeg of the nature of the present inventh ﬁgtﬁ“ @%red
Enbodi nents. of an "appar at us and nethod relating to a therno- voI unetric
motor will now be 5 described in sone detail, by way of exanple only,

W th reference to the acconpanying dra®i rg i n which:

Figure 1 is a schematic of a preferred enbodi nent of a
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The hydraulic I'ncl'udes pressure trans s
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upst r eam of he hydraul i I i nders 2 is exanple, the oil

reservoir has hT@aPaci *“?cB‘f °§pﬁ xer'Etsé'rI PO iﬁé’r?tlf(aﬂf')uqqqdr galves 30 has a
downstream flow path connected to one of the hydraullc
cylinders 20.

15 In this embodiment each of the hydraulic cylinders 20A, 20B
comprises a piston'36A, 36B slidably received in a cylinder
-38A, 38B, respectively. On one side of each of the pistons
36A, 36B there is a -compressible fluid chamber 40A, 40B and
on an opposite side of each of the pistons 36A, 36B there is

20 an incompressible fluid chamber 42A, 42B. The compressible
fluid and incompressible fluid chambers 40, 42 are each
adapted to carry the refrigerant and the hydraulic oil,
respectively.

The second heat exchanger 25 comprises a shell and tube

25 arrangement (not shown) wherein the refrigerant is passed

" through a first tube formed in the shape of a triple-helix.

The shell contains a first phase change substance, in this

-example a first hydrate salt comprising sodium acetate

trihydrate, having a high latent heat of fusion and a

_ 30 melting-point of approximately 58°C.  The second heat

| exchanger 25 is housed in a sealed jacket 53 surrounding the

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

example water. The jacket 53 has an inlet 45 for recelvmg
water and an outlet 47 for discharging water.



of hydraulic oil. The first heat exchanger 24 conprises a shel |

t hrough which the oil flows, and a tube through which 30 the refrigerant
flows anOI8486%s nheat fromthe oil. The ref ri ger anRCHAVS/OPASS
conpri-ses a punp 28 operatively coupled to the hydraulic notor 22, and
heat transfer neans, WD 96/ 10696

PCT/ AU95/ 00655 in this exanpl e a set@nd heat exchanger ' 25. The
refrigerant path further conprises.an injector or first pair of :

sol enoi d athedreat wransfopmesos furshed ipsludam afsddundpdoamdilator

cylinders 20A, 0 el ajmrca)o ne c ownstrseam
01}/ t he hydraul |:]ég Bl:?x(r?s&%gih% ¢ i phﬁ%e éﬂ§n§8 aé&ﬁgéan?g ??Vlng a.
accumul at or E%i%%ﬁgé YSi"&%’bleBFnEO&Q% of futsﬁ@nr ef r Miper athird Tvhase

fﬁcond hegt excgnﬁ@é QﬁbsEahﬁéaigdfontarllﬁéunihr aa%gée&hagcogﬁ%”%%rss%% 49
e punp 28, e .. heat _exchan
rot ati onal Py dp?egﬁlﬁg ?hé“?ﬁ SIhVEFguFPCrﬁgﬁﬁFuéét9lHagﬁreﬁépygggbéhroagh

Al ternati vel y ttﬂee jacketp B nefy brhelr i sesory tHea thy Mg dot @5 .22 Vipg
t t t uat ed | 30 h
goaﬁg[ream fl ow pa ?Efﬁgar\\jr')\jé tégw%%é%n%f‘g#‘?[%éa% D v(a ve%%qwg%a%ed
15 In this ent@dreehrceiaheowatier indomgh d:hgxlsemtmct Bé#t @RBhanger 25.
conprises a pi si@n:3HE\ eﬁéﬁ?ﬁé' dﬁﬁéytﬁﬁfﬁ' #ﬁ?séncﬁaﬁégB.EQBEE%%CFhEPEpfr%sgs

respectively. On one sid eac
conpr essi BPe f i hdgkghayduape fﬁﬁitanGOdlum @C%ﬁat@ppbsn-hrdsade dfaveiandh af

" the pistons 36AneB6ih u
42B. P The conpre eSI blée&%ﬁltL ﬁfzu% pg.ﬁ%::i hco reSS| He Egd?ﬁﬁg%gégﬁﬁgatgi
are each TR KRR rVAYHetY effi geR hguﬁﬁﬁl?%% apdrmayi coptain anf

respectively. selected phase change substance largely depending on the
boiling-point 'of'the refrigerant used.

15 The solar collector 18 can also téke a variety of forms and
configurations. Essentially the solar collector 18 coﬁprises
an upper surface (not shown) exposed to sunlight, the'upper
surface constructed of a mater1a1 having a relatively low
reflectivity and radlatlon In this embodlment the upper

20  surface is coated with a coating of IMPERSPRAY. IMPERSPRAY

' is a trade mark for a cbmposite bitumen/latex product. The
collector 18 has a base layer constructed of a high_denéity
polystyrene material 'having relatively high thermal
insulation. The coating of IMPERSPRAY covefs an upper

25 surface of the base layer. A corrugated sheet constructed of
a polycarbonate material, being substantially transparent to
sunlight, rests on the coating of IMPERSPRAY. A series of
adjacent channels are thus defined between a lower surface of
the corrugated sheet and the coasting of IMPERSPRAY. It is

30 believed that a greenhouse heating effect occurs in the
adjacent channels such that the efficiency. of the collector,
18 is increased.

Water, in this example being the heat transfer fluid, is used
to transfer waste heat, absorbed on the collector 18, to the
35 second accumulator 16. The water is carried through the



The second heat exchanger 25 conprises a shell and tube 25 arrangenent

(not shown) wherein the refrigerant is passed through a first tube
formed in 649699 of a triple-helix. The shel | cont ai RETAUPS/PAGES
phase change substiance, in this exanple a first hydrate salt
conprising sodium acetate trihydrate, having-a high | atent heat of
fusion and a 30 nmel ting-point of approllmately 58[err]C The
second heat exchanger 25 is housed in a seal ed jacket 53 surrounding
t he ~ shel |regikccufopt ton ttukead2y laitieint a s@mrpent ineiatranygemrent within

exanpl e wat er tﬂ-é‘galdss%ig% _éBuﬂat@rﬁgaitﬂl @E#@%ﬁ%ﬂé%ﬁf | MisEkspray ML (299

an outlet 47 for ing water.
PCT/ AU95/ 0065%xample, heat from the solar collector1b8-is transféreechezb

transfer meansHadHiga hvardd@Ssa1se i i a
third phage chaipﬁge sUb-stg?c sa1t éaﬂgafﬁé&[%yll g‘%,lfg\/eslec.oﬁdgﬁ%fég&g)r]ﬂta%ﬁe@a?%of

hayi ng a | |
fusion. 2The Y rRHALET %1°W1n9h5h§@ughb%1?%r?€§§:3r%c Pmcinbe 42 veTbel
4% thﬁ vesself':éhk%t rﬁrirdw?;lg: a:dnﬁaah rfﬂdli&leghteosé@@hﬁchﬁﬁftee%h‘éa%gfel:o‘é’gng
t hr oug £ acke ._0f. the secon eat., exchanger . n
electrically .3 ﬁe&-tt&d[ Véﬁs‘rt'lé? YRERF (’?ﬁﬁltﬁ\’g\ﬁ%"q%éﬁé@ n the ggcond
recircul at e waterumiitatoh tthandechedjheket e53 hahgite 2econd heaknekBhanger
exanpl e, the tJdrd phase change substance conprises 10 a third hydrate

salt sodium acétate trihydrate having a " nelting point of

approximately 58[err]C. The second accunul ator 16 can take a variety
of configyratigNs, ag¢ NBYye CEFILA id change s_ﬁ)bsst nce
| argel y dependj ng, on t he © t!‘Ebe(;i ?%81}?316<|int 0 egdjrg ?Ll%%esr a?#glwe 3 §515

The sol ar col Idéﬁj&n%_ﬁ‘ana&F§6n?§EéYa SRRl yrefrigerantngo each of the
configurati onydheAeNid Ay Midders5Qoar vRé | 90t:01 gdfartONY r¥A%ased indd YRBES
surface (not shown) ex ed . to sunl4 ht , é/%t]e p%(’asg . surface
construct ed of°WRARETIAE ERATRES 4% atd I"}/gl h cylinder e2Phvi 2§Band
radi ation. In this enbodi nent the upper 20 surface is coated with a
coating of | MRERSPRAY. _ | NPERSPRAY i.s a trade mark_for a conposite
bi t unen/ | at ex BHOFTEIICRTRE Eﬁs'ca%o?:‘r%%t%?kﬂf hRTTeHARE | g?ﬁ'?“scog’f‘rﬁ t&d
of a hi ghSdensxample, the condenser 32 comprises a refrigerant tube (not
shown) formed in the shape of a helix in the condenser 32,
the tube housed in a shell 55. The shell 55 contains a
second phase change substance, in this embodiment a second
hydrate salt, having a relatively high latent heat of fusion
20 and a relatively low melting-point. The shell is jacketed
with a suitable heat-insulation material. In this example
the second hydrate salt comprises a stoichiometric mixture of
sodium chloride, calcium chloride and demineralised water,
having a melting point of approximately -21°C. |

- 25 The pump 28 of this embodiment is a positive displacement

- pump comprising a series of gears used for generating a flow

"of refrigerant to the second heat exchanger 25. The pump 28

in operation is driven by the hydraulic motor 22 via the
endless belt 34. ' '

30  As further shown in Figure 1, each of the components of the
oil 12 and refrigerant 14 paths are connected so that a
continuous flow path is provided for the hydraulic oil and _



pol ystyrené material having relatively high t her mal i nsul ation. ’
The coating of | MPERSPRAY covers an upper 25 surface of the base | ayer.
A cor r ugen eshigsbeet constructed of a pol ycar bonat e nBCEAUAF0068%| ng
substantially transparent to sunlight, rests on the coating of
| MPERSPRAY. A series of adj acent channel s are thus defined between a
| ower surface of the corrugated sheetizand the coasting of | MPERSPRAY.
It is 30 bel i eved that a greenhouse heating effect occurs in the
adj acent channghé &Hﬁblbbﬁhnthem‘sblecltﬁlve)ly()f tsid te®llec tiubying, coubamcsi;s,

, |s

I ncr eased. | e b the heat .transfer flu
vsed " (o endnefBrElattacheReS ATR. Heg8, 18, KaRngRR, chis pub R
second accumul at or 16. The water is carried through the
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- 11 - rec??gﬁﬁa?lgﬁsfage 45f thg lncomgr% @ﬁ%@ arrgﬁéghener %%ﬁ

t he base Iayer4aﬁd@frﬁ§ﬁh1hYQ?QR%%Glﬂylﬁndq%PERQPRRQB theraiss a dowmanﬂam

heat fromg he ﬁehai-eee&he%%el&a slﬂdﬁmé@rmdtﬁe hydraﬁmfct Bii dp@eﬂf e
salt contained in the second accunul ator. 16 t he ter flown .
ﬁ#ﬁW&Eﬁ' n

t hr ough t he re%PFeEeét%ﬂt?ﬁ% eaphpof thefﬂr!a%?mw%%lalgaﬁ Juid,
t he second heaf2gxcizBogierd is an upstheamfshederunt H€1VELIS0 included in

recircul ating .Secq cu Iato 16 _an e jacket 53 qf
t he second heaggﬁmﬁﬁaﬁ&é‘ ic o1 ngaath @C Eﬁ%‘ﬁnﬁ TEAT P i"tf]‘ 6’I°§W5et§51b%'
act uat ed vaIveSlBﬂA,chaﬁBems40A, 408 | gineelicio hydeauhielyyimpﬂéy 20a, 20B

refrigera (o:rgeh 9L BNBocona BAILAH GoSULLIRELR AR HNGAGLL 050N 5

rel eased into npressi cach
20B. Thencbudedsen sbecmfangeraakepathaaﬁety of forms. In this 15'
exanpl e, the condenser 32 conprises a refrigerant tube (not shown)

fornmed in the shape of a helix in the condenser 32,
Operation of the thermo-volumetric motor 10 described above

will now be explained in some detail, by way of example only.
Sunlight being a heat source can be absorbed on the upper
15 surface of the solar collector 18. Heat is then transferred
from the solar collector 18 to the second accumulator 16 via
water, being the heat transfer fluid in this example. The
third hydrate salt, having a melting-point of approximately
58°C contained in the vessel 49 of the second accumulator 16
20 is heated wherein at least a portion of said salt fuses and
stores enetgy in the form of latent heat. Thereafter water
recirculating between the second accumulator 16 and the
jécket of the second heat exchénger 25 cools and solidifies
a fraction of the third hydrate salt and is thus heated by
25 the latent heat of fusion of the third hydrate salt. The
heated water then exchanges heat with the first hydrate salt
contained in the second heat exchanger 25 thereby fusing at
least a portion of this hydrate salt. '

The refrigerant flowing through the first tube of the second
30 heat exchanger 25 causes the first hydréte salt to solidify
thus releasing its latent heat of fusion. The hydraulic oil
flowing through the shell of the first heat exchanger 24 can
.also exchange heat, in the form of specific heat, with the
refrigerant thus preheating the ;efrigerant before it flows



t‘he tube housed in a shell 55. The shell 55 contains a second phase
change substance, in this enbodi ment a second hydrate salt, having a
rel atively ngﬁllﬁ@tient heat of fusion 20 and a rel atively |IRGF/AUIS/O065S
el ti ng-point. The shell is jacketed - =~ with a suitable heat-insulation
material. In this exanple - the second hydrate salt conprises a
stoi chionetric m xture of sodi um chl erpde~ cal ci um chl ori de and
dem neral i sed water, having a nelting point of approxinmtely
-21[err]C.  2%o tEeespoopdZBeat édilsarepdnd5enhdvantapesisilye tﬁhspkaaaaeat

FerTi gerant t o . HEAL xsidBY S0 BRapRbeHRAT0 LRE Sebrf¥erpne Brom re
is driven by ttfe-ﬂ%&jrhudmtemsaltZvamrddze to eféadteyaplme:lﬂsa’téi.on &P thés

further shown il fFiddyenk. €ach of the conponents of the - oil 12 and
refrigerant 14 paths are connected so that a continuous flow path is
provided for the hydraulic oil and-. WO 96/ 10696

PCT/ AO5/ 09655The refrigerant when heated by thel2first hyg}Q‘Ee salt

refrigerant, res ectj vel U|t | e tub| ng,. coupl i ng : t her
attachnments ar? S0 %Bﬁﬁ E ARG, nd’ floysated FdesEisam

of the inconpresdichcdd Iauwaﬂwrhmlv%AJOA 30BI2B Gtie 68€ hehe df 8H&E Cyalves
cyl i nder 20A, %@ F;rels a do urn_val ve 48 i ncl uded

7% the hydraul PRRoReppRers SRA"2b188 ke BraslTisRroreLhLReBRnEnanto the
I nconpr essi bl ecbmms_s:éuiiwrﬁluld chHshberi?R02hev€ i enean aﬂosthearmydraullc

non-r et uryh val j in ' ' ream
of the cofn%resg"?ll 18ders Lﬂf}?w dTgﬁarﬁ) %3?%&“# %g{éﬁgﬁggr i’lz?lli V%nﬁ%r
20A, 20B 10 cipeed when sheofdrsai waévesapén@sdoaenadt edThal othe524f thE

i ncluded in theirefl iQaleddi PAdtukted valves 30B is also closed.

The refrigerant then moves the piston 36A in a downward
direction (as shown in Figure 1) thereby driving the

15 hydraulic oil contained in the incompressible fluid chamber
42A out of the cylinder 20A. The hydraulic oil then drives
the hydraulic motor 22 which is coupled to and rotates the
positive displacement pump 28 of the refrigerant path 14.
The oil when forced out of the hydraulic cylinder 20A and

20 through the downstream non-return Valve 48 is heated and
passes thfough the shell of the first heat exchanger 24. The .
0il can then transfer heat, in the form of specific heat, to
the refrigerant flowing through the tube of the heat
exchanger 24. The volume ratio of oil contained in the

25 incompressible fluid chamber 42 when the piston 36 is moved
from a top dead centre position to a bottom dead centre
‘position is approxlmately 7 to 1.

The second solenoid actuated valve 52A is opened once the
piston 36A has moved a full stroke in the cylinder 38a and

30 the o0il forced from the incompressible fluid chamber 42aA.
- 0il flows to the incompressible fluid chamber 42B of the
other hydraulic cylinder 20B via the upstream non-return
valve 50B. The pi'stpn 36B is then forced by the hydraulic

0il in an upward direction (as shown in Figure 1). When the



Qperation of the therno-volunetric notor 10 descri bed above wll now

be explained in sone detail, by way of exanple only. Sunlight being a
heat sourW@96¢/#6%6he absorbed on the upper 15 surface of PEI/AJHPSEHI6SS
collector 18. Heat is then transferred fromthe solar collector 18
to the second accunul ator 16 via ~ water, being the heat transfer fluid.
In this exanple. The third hydrate galt, having a nelting-point of
approxi mat el y 58[err]C contained in the vessel 49 of the second -

accunul at or Pastad 368 imatedthetepnoét 1Itsasu:rak|eorttth@n ﬁfrs&,aigbmcgld

fuses and t Ss ' I t. Ther ter water
recircul ati nga%gt%vxgg% ;[' e %%%%&%%%uérlrﬁ a@teg:r nf‘ggﬁﬁn?ﬁ@ fﬁ%l&-}"@%ﬂdt he
second heat WhergigerefTigesantais sslagisedsinto then cfamnesmmfe tdteidi rd

hydr at e sal t caBgbes diR_ad 5 t a t. f t
t%l rd hgrat ce:?1 W 69%‘2%1“3 %%e?g?ﬁe%ﬁ%xcﬁ eﬁ’s tﬁ"t’rfg

S
first hydrat Ehéﬁ'hﬁr 423 t%ﬂ?@n@&?@?%%ﬁ@“ﬁé‘&ﬁ%ﬁahyeM&B t MEree by

fusi ng at flowl Qﬁsto:&lp(thmlgmftﬁél 8ilyghate B2/ tas a resuirﬁ of the
refrigerant f through_the first tube of.the, second

exchanger 25% i§ﬁ§8 chengF'?F"ﬁ? 18P St ©RGhsPISHIT 36, le@s eltdssi ng
its | atent hbmdrafiliosmotor P2 whibklawtar thé be usedl ewi ﬁ%obﬁﬁ%u%ﬁl%

shell of the {J Lt heat exchanger 24 can al so exchange heat, in the

f or m-of specP I'c heat, with the refrigerant thus preheatl ng the
_ refrigerant before it flows - WO 96/ 10696 .=
- PCT/ AU9%/ 0065Re o d cl £t 3 ond
~heat exchanger 5pen:('33%naf% e%uoﬁln%k?ls rhéadgéggt and %corheat rzir 0 be

absorbed by ¥ ﬁéPPGFFVQéYaﬁan b&rrFPﬁérOlledf iSes tthagd r&tcepsak:atmno ode rtl'teo

ef f ect vaporpsatbﬁa a6 tdn be. v&&&@ag%&f&ltthus Emuﬁ? ofr eér{é 9R688E. Ween
heated by the ii hydr te salt expands, preferab vapor! si ng,

and fl ows toc?ﬂE s %H}Wedpé’ﬁ’ﬁﬁaFéH GH?Qesf%@X%e Ole gSeche

first val vesto drive a generator thereby producing electricity.

15 . The positive displacement puinp- 28 when driven by the
hydraulic motor 22 pumps refrigerant to _th‘é first and second
heat exchangers 24, 25 and the first solenoid actuated valves
30. The refrigerant when exhausted from the compressible

- fluid chamber 40 of each of the hydraulic cylihders 20 flows

20 to the condenser 32. 1In this example, the second hydrate
salt comprises a stoichiometric mixture of sodium chloride,
calcium chloride, and demineralised water, having a melting-
point of approximately -21°C. This is preferably less than
the average temperature of the refrigerant when exhausted

25 from each hydraulic cylinder 20A, 20B. The second hydréte
salt thereby absorbs heat from the refrigerant in the form of
-latent heat as it passes through the condenser 32. The

- refrigerant thereby cools and preferably condenses before
being pumped downstream by the positive displacement pump 28.

30 ° It will now be apparent to persons skilled in the relevant
arts that the present invention has at least the following
advantages over the admitted prior art:

1) Solar energy or waste heat can be used to
efficiently drive a thermo-volumetric motor using a phase



3_’0A t hen opens and rel eases pressurised refrigerant into the

conpr essi bl I d chanber 40A of one of the hydraulic 10 cylinders 20A
The secondv@%géﬁg% actuated valve 52A is cl osed when t fAY9SI00635 | o
30A is opened. The other of the first solenoid actuated valves 30B is
al so cl osed. The refrigerant then noves the piston 36A in a downward
direction (as shown in Figure 1) ther'ebl,/5 driving the 15 hydraul i c
oil contained in the inco reSS| ble fluid chanber 42A out of the-
cylinder 20A. ThERARIRaAURStANCY h]éﬂvélﬁgvés relativelyybdisl i bakentr h2at of
whi ch is coupl edfqag@ieng rotat es the positive displacenent punp 28 of
the refrigerant path 14. when forced out of the hydraulic

cyl i nder 20A and*20 throﬁg@?ﬂ@oaﬁ%‘é@?@ﬁﬁ MBAEPE1AFFPYRAING &S the rresent
and passes imwvenghohheishekelaefiviely feffichent andiane@mpite dThEo, for

oil can theg tr he form.of ic heat, to

. rlaf ri gerant gf I oﬁégrﬁ#}ur buéh HE]%;.t RB¥eEFES, ﬁ&eﬁgﬁf"c MOLOXy changer 24 The |
volume ratio of 3| contaifee ithdrm -Aflunetonipr esticdx ehi&kui to ¢hisiwtedPous
when the piston g6hig sﬁmﬁffgducts 44£8m & é&%%%f%%%eﬁégfl*ﬁ%gg%tm

bott om dead centre position I's apprOX|

sol enoi d act uat e} val ve 578he s thgsRedvelsaetFdic motex suses36Mensy nsueth as

full stroke in tde14¥! bAdegy3%hiand i30 eﬁél%lq RO C§dl meeelhe

mcorrpresihjg ;%l)“ d chanPer 42A, g Io}} to the ?'ncorrpres?sﬁoﬁrce as.

fluid cha brexemple, 1ig; Rbe ﬁ?ﬁ?aHF-FE E‘}PFﬁéér fpedsvi a the upstream

non-return val ve 50B. The piston 36B is then forced by the hydraulic

I h F WO

8I6/ 1'0292”1 upvvardngl fﬁ.'ge gsgans:'eg@mtonpelrggzrzgPéﬁl}@ggl é%ggze relevant arts

- 14 - pi sthat Emmmsom vehel dtoiprd ainds metii dieatiibnsf cant beqh@ael@b the

valve 30B is ope%%la qﬁngi L& 52B cl 0s

refrigerant is re ease% e con%%ess?’bl% ¥§|%et SEIO=R g%%Frﬁﬁl?,“?‘h% in

forcing oil frorﬁ@%tlmoﬁ@r tabgsgl alrpafiyt mentioned above without departing
15 from the spirit and basic inventive concepts of the present

invention. For example, the heat transfer means may be

heated by some other heat source other than solar energy as
described herein. For example, waste heat from é. process
stream may intermittently supply heat to the first phase
20 change substance to effect storage of lai:ent heat. The heat |
transfer means and/or the cooling means may contain a
different phase change substance to that described and may in
fact comprise banks of various phase change substances, each
with a different melting-point. The heat transfer means is
25 ‘not limited to the shell and tube type heat exchanger
described herein. Furthermore, the pump, h:{rdraulic motor and
injector described may take various forms, each form
essentially' performing the same function, and thus remain
within the scope of the presen't invention. The condenser may
30 not be activated by a second phase change substance but may
include some other cooling medium. The hydraulic oil or
incompressible fluid may not exchange heat with the
refrigerant or compressible fluid as described herein. The
thermo-volumetric motor does not require a second accumulator
35 as herein described but may rely solely on the first phase
change substance contained in the heat transfer means for the



5 chanber 42B through the downstream non-return val ve 48B. The flow ¢

of oil through the oil path 12, as a result of the - alternate

reci proc¥Q ¥i06% cach piston 36, drives the hydr aul i cPEHAEPSIBMESHhi ch

can the be used to provide notive power. . 10 The openi ng and &
closing of the first and second.val ves 30, 52 - respectively can be
controlled so that reciprocation of the- 16 -pistons 36 can be varied and
thus timng of the notor 10 controlled. The notive power can then,

for exanpl e, sberagedof. latent dreate aPyefierabdy thercdwpréosisidFiuig

i
electricity. 1 Lbi i e um, 28 whe driven sby
t he hy r%ﬁ[?cﬁ%g?%?ﬂggé%uﬂ %r&é%fr)ﬂlagrgr%%g?%gﬁrhed%?ﬁ%eﬁd ddcdofgch
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refrigerant g@gﬁeeahagﬁge rEEQRLL B sghal fleui d .chanber 40 of
each of _the Q raulic.c |?nderghzgﬁ¥F§§EB§oéthgafﬁéec8%dgﬁgsg %f.t°|%ethis
exanpl e2 t he %E%Eﬂﬂnﬂ9d LpR the foppgoipgpdpserimtionichionetric nixture of
sodi um chl ori de, - calciumchloride, and dem neralised water, having a
mel ti ng- poi nt of approximately -21[err]C.. This is preferably |ess
t han the average tenperature of the refrigerant when exhausted 25
- from each hydraulic cylinder 20A, 20B. The second hydrate sal t
t hereby absorbs heat fromthe refrigerant in the form of ~latent heat
as it passes through the condenser 32. The refrigerant thereby cools
and preferably condenses before - ~ being punped downstream by the
positive di splacenent punp 28. 30 It wll now be apparent to persons
skilled in the rel evant arts that the present invention has at | east
the foll ow ng advant ages over ‘the adnmitted prior art: 1)
Solar energy or waste heat can be wused to - efficiently drive a
t herno-vol unetric notor using a phase WO 96/ 10696
PCT/ AU95/ 00655 ' ' : - - 15 -



c¢hange substance having a relatively high | atent heat of fusi on;

2) A therno-volunetric notor according to the present I nvention
i s relati vé¥Q9&166P&i ent when conpared to, for 5 exanple, é’cé"é%@ﬂ‘waﬁﬁered
glectric notor; - 3) .The therno-volunetric notor has no

del eterious exhaust products and is relatively environnmental |y safe;
and 4) The therno-volunetric notoy dses energy such as

solar energy which is generally not a limted resource as, 10 for

exanpl e, is the casPHEV ChLAIMScDEFINDNGSTHE INVENTION AREbASapparows -0 -
persons skilled in the relevant arts t hat nunmerous vari ations and

nodi fications can be nmade to the apparatus and nethod relating to a

t her no- vol unet di.c not or Anthermoaydilumetrtic moteoe aompadysiment i oned above
wi t hout departing 15 fo [ % ce f .t

pr esent i nvention. Enghgggﬁeké Hnﬁ@ﬂg?@?é??&% ?ﬂaiéé%SEH Q&%BQ @0.
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herein. Fg exafBbfipré@gidlee®luitOpR@hPhaGER §k&e
intermttently sugggg hegi to tﬁé f??st asegi%ress €£&ﬂ%§?gﬁ%%a?s and

ef fect storage26F B meaRs inpfduidy omun:tqmrw RAGH PEhex heand
300"n8 geang may contala ?ontan$d§fﬁdﬁ?rigﬁﬁﬁi@hﬂﬂﬁﬁdsﬂaih@mﬁ?éﬁté&aéo
escribed and may act_.cqmprise bhanks vAari.o e chan

subst ances, eagﬁ ry'a \fnuH?tz?%lP(ri elft® “}Péieﬁsﬁ'éﬁﬁoﬂt c#’ thm%§$%+ble
means is 25 ﬁd\ultil patbdhavinpgeheat! translfénheeazyselﬂneﬁaluﬂdmmgmlcatlon
déscri be ere F h h |c t nJector

descri be e vari or s, €ac essen
sane functlon Caﬁﬂrﬂﬁaggrénﬁinst PhasetQhanghéubs&pacefhahengr@sme&atlvely
invention. The;gAndgRsak RBY:30f fggioﬂewﬂé%ﬁﬁ?t eﬁnbusé SEE dé’E‘dfP&ﬁ‘T% heat

change substance but my I ncl ude sone cool 1 ng ne
hydraul i c oil 8Purce capchaprksarkbed by they fixsy Phase ehangageubstancensoh

the r ef rl ﬁﬁé@nhtoﬁe%%@rae%%lﬂﬂl%nf lofl dras ﬂ%%tr ik i Tﬂf‘ses and
t her no- v doe not require g seco cugulator as
her ei n d cri b eﬁﬁ? 9“50?%’? BRIRO | P&t %hed irst phafge change

subst ance contauhsdan&ethesbmﬁﬁlfiGQSf&nuﬂea&%ﬂhasekhe 1aten%£>9§éé9696the
PCT/AU95/00655com.press:.ble fluid can absorb said latent heat and expand
thus moving the pressure transfer means wherein the
incompressible fluid is forced along the incompressible fluid

20 path thus moving the actuating means which '‘can be adapted to

provide motive power.

2. A thermo-volumetric motor as defined in claim 1
wherein the continuous compressible fluid path further
comprises cooling means in fluid communication with the heat
25 transfer means and the pressure transfer means wherein the
cooling means can be used to cool the compressible fluid
after said compressible fluid is released from the pressure
‘transfer means.
3. ' A thermo-volumetric motor as defined in ciaim 2
30 wherein the compressible continuous fluid path further
compriées'a pump operatively coupled to the actuating means
and in filuid communication with the heat transfer meéns,'the
cooling means, and the pressure transfer means wherein
movement of the actuating means drives the pump thereby
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- 16 - storage of latent heat. Preferably the conpressible fluid is

not a hal ogenat ed hydrocarbon as herein described. Al 5such vari ations
and modi YO %&FP@HS are to be considered within the scoRCTHAULHN635r esent
i nvention the nature of which is to be 5 determ ned fromthe foregoing
descri ption. WD 96/ 10696 . :

PCT/ AU95/ 00655 . - 18 - - 17 - THE

CLAI M5 DEFI NI NG THE | NVENTI ON ARE AS FOLLONG: - 1. A

t her mo- vol unePHIPiRG: BFG&QﬂM%SSﬂdale fluid through theor¢mpressible £luid

i nconpr essi bl gathyi d ‘path, adapted to carry a substantially

I nconpressi bl e fluid, said 5 i nconpressible fluid path having
pressure transfer neans and actuating nmeans in fluid conmunication

Adapted o e carry. et o e ore EHE SOTREERLE oy b it
fluid path hav*lﬁg I?F%cfeaq%sFZP Wﬁaﬁé" ?‘F ui Heco?m%a'i@bwn%brlcwmdtdme
pressur e S r anfhetheranscompriseat ta andEIleEBEors in CQ{ggﬁ ST R@rAdddiSte

h h h_| at t of f
prase chande SURSLASESLIGN! 09c8 LELohRYE! Vranacall fRapalch hect "ol Tucton

wher eby, in use eat
phase change Beatt abserbed by thatcaﬂlbeagrafunmtaohewttéunf¢és§aﬁh§@p

change fuses epandPerredCESALhE’ £1PER SRLLEPARRLAD BlpbRE L SH RIASS

change subst ance r el ease
conpressi bl e FmﬁlHeéﬁntﬁh%%f%r5@$@n$atent heat and expand, t hus
noving the pressure transfer neans wherein the i nconpr essi bl e

fluid Ii forced along the inconpressible fluid 20 ath thus noving the
actuat i 8 means whi ch cdh %%Wnc mofogy, pgedebined jpwary one of .
2. A t hehevpreceddhy cclmimd ®he#elihnathd Npebaklké transfer means

comprises a piston slidably received in a cylinder defining
a compressible fluid chamber on one side of the piston, sald
compressible fluid chamber adapted to receive the -

15 compressible fluid, and.an_incompressible fluid chamber on an
opposite side of the piston, said incompressible fluid
chamber adapted to receive incompressible fluid whereby, in
use, expansion of the compressible fluid as effected by the
heat t;ansfer means can move the piston relative to the

20 cylinder thereby forcing the incompressible fluid through the
incompressible fluid path.

6. A thermo-volumetrlc motor as defined in any one of
claims 1 to 4 wherein the pressure transfer means comprises
a first and a second piston each slidably received in a first
25 ~and a second cylinder, respectively, defining a compressible
£luid chamber on one side of the piston, said compressible
fluid chamber adapted to receive the compressible fluid, and
an incompressible fluid chamber on an 6pposite'side of the
piston, said incompressible fluid chamber adapted to receive
30 the incompressible fluid whereby, in use, compréssible fluid
can be expanded into the compressible fluid chamber of the |
first cylinder wherein the first pistoh is moved relative to
the first cylinder thereby forcing the incohpressible fluid
through the incompressible fluid path and moving the second

N, 0 A




Wherein the continuous conpressible fluid path further conpri ses
cooling ne | uid comuni cation with the heat 25 transter and
tche pressugga?é'g’ﬁg er neans wherein the cool i ng neans ciﬁ&ﬁ%&g@@%‘sto
cool the conpressible fluid after said conpressible fluid is rel eased

fromthe pressure transfer means. 3. . Atherno-volunetric
notor as defined in claim2 30 wherein thd3 conpressi bl e continuous

fluid path further onprises a punp operatively coupled to the

act uating neans plsm”hnﬁeiiﬁtﬁvﬁ -dﬁeonglaﬁi c%é)‘?‘?ﬁﬁvmqlﬁ’t%%eatan@r akbpseatfter
means, - thef_ ) complriexs itdansflahd tden pﬁesmﬂdﬁlsiﬁﬁto”&ﬂié ¥wBfy ?E’%Séble
nmovenment of the t.uat | Sg Al ves e.punp, t bher eby WO 96

PCT/ AU95/ 00655 AdiY A5 c{:ljie second C}I;T:Ln erqg’. punpi ng t he
conpressible fluid through the conpressible fluid pat h. 4

A thermo-vol unetri c notor pas.glefi Heds1 : QN e_precedi
clainms wherein the ther m)-Avg? urre_té]f‘gdr'r%?%?%llg ﬁo?:&gct et dé%bﬂgfli & gfﬁlm 2
collector Sin Whexsin fhejreeling meangohsnmi Eirsvraetwumlatoheabntaining

transfer nmeans whei&bdndi Pha®® changeh h |_ecd r
heat source can b% I‘E tﬁr an fgj;;re ?o%?%g%??‘???q%\%é oﬁa%el%%cfel@gﬁ

i ncl uded in 1a SRt PinsFefIoRaf®d 2 jpelagively low mmelting-point
t her no- vol unet r whereby, abndekienechedt afiyofnad compred$EbPée&adiicg é_’é.fi‘i e

wherein the pressure.transfer., means:: comprises a piston slidably .
received in a c?%sﬁﬁgecﬁlh nFg Second,p r Shange SURFtRRIRINHRYS ofoshéng

si de of tHe) pi sttive, comiptressible diipries Ypadsing | thrbughathercosliong edeahs .
receive the 15 conpressible fluid, and an inconpressible fluid chanber
on an opposite side of the piston, said inconpressible fluid

chamber adapted8to recei v& ithermeceel wnettici onber els/, défiined in claim 2

further comprising a heat exchanger in fluid communication
with both the actuating means and the cooling means whereby,
in use, heat generated by the incompressible fluid when

15 forced from the pressure transfer means can be transferred to
the compressible fluid via the heat exchanger thus expanding
the compressible fluid. | |

9. A thermo-volumetric motor as defined in claim 8
wherein the heat transfer means further includes the héat
20 exchanger so that heat generated by the incompressible fluid
when forced from the pressure transfer means can be
transferred to the compressible fluid via the first phase
change substance included in the heat transfer means.

10. A thermo-volumetric motor as defined in claim 4
25 - wherein the collector is a solar collector adapted to absorb
sunlight being the heat source. '

11. ' A thermo-volumetric motor as defined in any one of
the preceding claims wherein the actuating means is a

hydraulic motor.

30 12. A thermo-volumetric motor as defined in any one of
the preceding claims wherein the heat transfer means

[




use, expansion of the conpressible fluid as effected by the heat

transfer means can nove the piston relative to the 20 | i nder thereby
forci ngWQh@S/l(ﬁ%npresm ble fluid through the i nconpr CTIALI98/00653,i

pat h. A therno-volunetric notor as defined in any one of
claims 1 to 4 mhereln the pressure transfer neans conprises a first
and a second. pi ston each slidably recei 28d-in a first 25 and a second
cylinder, respectively, defining a conpressible- fluid chanber on one

si de of tmqupxxﬁﬁssald conpressi bl e fluid chanber adapted to receive

the compressi bl e 11 Uigle 306 cube iﬂab%ﬁ”ﬁ&%séh%?%fxb“Fﬂ g&ﬂﬁffﬁggﬂbi‘gapt ed

opposite-si de of the pi ston, sald | nconpressi

to receive BHuid twqqﬂf‘brﬁ#%ﬁéﬁet’?a}rtﬁﬁﬁwm ardyse, conpressible

fluid can be expaggedi eéﬁtabﬁlﬁgrma@ﬁx@tephlalsbdcﬁaaggeéusétAﬁée
flrstd%yllnder mhegeln t he flrﬁ%%ﬁpSto I s ,moved rel ative

cylin [Fershy SRBRERRG St H® | W&R?W%Lﬁemmun10?5+eﬂgwnﬂﬂb the

|nconpresmﬂﬂnsﬁqumbpﬁhérabﬂ i nget heatenentheat catd 96/ 4P896ferred
PCT/ AU95/ 0

ol ative oL EBoRATE FRESS CHARgS EvRaFeare O thercenSrerihle; o
can be expdilddd iviteo thee fiorglr dudielaf the Heal dcxdAnsfer méande second

cyl i nder. 7. A therno-volunetric notor as defined in cIa|n12
5 wherein _the cooling nmeans is a first accunul ator containing

second phadé .change dubsheimer VRAMNRERLG drokeyeps Heflined in atﬂemtm hbat of
fusi ofig and i er@ i3 | pied Yhéé)t‘."’ H?bﬁéfgrpﬁéahs furt\ﬂ@%r%fn f iy {f@* et oM

the conpressible fluid can absqrb ¥ t he secon phase ange
P

subst ance SWREFWBHing the Slﬂﬂ%lcﬁ%régépﬁﬁé uCREFYs & Meathrexapster

cooling meg@nid whereb‘ix in useAh hbatnervfl thet he&t "Bt ghs 86r def b i@ dcdm

cIa|n12 furthe risi
be transferrég) QﬁeafgggE %g%n%%aﬂ&éféu étéﬁggnk éfgﬁﬁn

first

, melting the flrst phase change substance and storing latent
15  heat. |

14. A thermo-volumetric motor as defined in claim 13

(when dependent on claim 4) wherein the jacket .is in heat

conductive communication with the collector wherein heat

absorbed by the collector can be transferred to the first
20 phase change substance via the heat transfer fluid.

15. " A thermo-volumetric motor as defined in claim 14
wherein the heat transfer means further comprises a second
accumulator containing a third phase change substance, said
second accumulator in heat conductive communication with the

25 collector, wherein the heat transfer fluid can be preheated
by the latent heat of the third phase change substance before
.said heat transfer fluid flows to the jacket.

16. A method for producing mdtive power comprising the
steps of: ' ,

30 absofbing heat, from a heat source, on a first
‘phase change substance included in heat transfer means
wherein at least a portion of the first phase change
substance fuses, said first phase change substance having a

RO 0 R




Wi th both the actuating neans and:the ‘cooling means wher eby, in use,
heat generated by the inconpressible fluid vhen 15 forced fromthe
pressure tr¥R9A969eans can be transferred to: the conpr AP0 g
Via the heat exchanger thus expandi ng the conpressible fluid.
9. A therno-volunetric notor as defined in claim3$8 wherein the
heat transfer nmeans further includes the heat 20 exchanger so that heat
generated by the inconpressible fluid when forced fromthe pressure
transfer neansreadatbvely highadetentedeat e fawhoressible fluid via the
first phase change syhataBceihfc! vgdeant N Hdee hﬁlon{rggéf ef-ggg_n?P e
Wher ei l?ah%

10. A therno-volunetric notor as defined In claim4
collector is acB8Rrdr cAURKEHBICHdapiRent o seddgificationn| thereoti ngtiche a

heat source. comprediible £1AiHNEh&Pe¥P! LBAREEnGOLIE EsmpbeddHEth d "EAYG;
one of t he precedi nggileg'l ns wherein the actuati n%‘%rjeans |

() S a [ [
hydraulichotor. - 30 singa ther BRAAGRt FPEPESSSibde d€inidd into
any one of prébsupeetdinyfay anezEnshehaisn Mdieidifathér prebsureeanSansfer
WO 96/ 10696

. . : PCT 5/.00655
- 20- corr%l?laggs:‘”hlch then fomesa ?‘?r%?c?ﬁBgeﬁﬁéé?%d-fagﬁécmq%‘ 13
conpressi bl e actuakang t meengh thasheproduamisier mokdives gpuver from the
a shel | contai gipgatRaqf heahsPhase change substance 5  said substance in
heat conductive comrunication with the - first tube whereby, in use,
| at ent heat can be transferred fromthe first phase change substance

Lgahge campr esgybl e Al hetHoldl 2obhBrbulel nhuRR tafvel Rowetalad IEIfla in
: claim - 16 further comprising the step of cooling the
compressible fluid and returning said compressible fluid to

the heat transfer means.

18. A method for producing motive power as defined in
15 either claim 16 or 17 further comprising the step of driving
a pump operat_iively coupled to the actuating means wherein the
compressible fluid is pumped to the heat transfer means using

the pump.
- 19. ' A method for producing motive power as defined in
20 any one of claims 16 to 18 further comprising the step of

absorbing heat from the heat source onto a collector, wherein
the absorbed heat can be transferred to the first phase
change substance of the heat transfer means.

20. . A method for producing motive power as defined in -
25 ¢claim 17 wherein the step of cooling the compressible fluid
‘involves absorbing heat from the compressible £fluid by
exchanging heat with a second phase change substance, having
a relatively high latent heat of fusion and a relatively low
melting-point, wherein the compressible fluid is cooled.

30 21. A method for producing motive power as defined in
'~ any one of claims 16 to 20 further comprising the step of
transferring specific heat from the incompressible £fluid,

* [ L M S *
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13. A therno-volunetric notor as defined in claim12 10 wherein the °
heat transfer neans further conprises a jacket surroundi ng the shel
and adawedeénaog€arry a heat transfer flui d whereby, PETAESOMSSt from
the heat transfer fluid can be transferred to the first phase change
subst ance thereby melting the first phase change substance and storing
| atent 15  heat. 14. A thecnpsvolunetric notor as defined in
claim13 (when dependent on claim4) wherein the jacket is in heat
tCﬁnduclt : vet Cgmng%ébiemcvuat tfehe&rl t T WllenBRECi e BfiBtessibl 8P PR DL DY
e collector. can

v

trapsferred to the figst 20  phase _change substance
via the heat EPFSRcK 2F°’F‘I Eﬁa.pressur e lg:.:anséer AGINT kY ARFATRE SRF Rl es
defined in cEauidl¢ia a heher exchiahgelteat transfer neans further conprises

a second accurul ator containing a third phase change substance, said
second accumul ator in heat conductive conmunication with the 25
col l ector, wR2rei n t heAhehermeavisiemettic dnator loer preéehoddfor prdaijudimg

| at ent t ; ' - ; fo Sai, . o
{ranoter {1 FGEEPS, Povet, IR LGP iy 06E BET BRE proceilds Wilims o
noti ve powerwWBeKBiRsi fde hfirst, stegrond: apd/or’ third phesebi rthangs

froma heat s@HEt8nceR aafd!Ehirst, <UtA CHAAYETS WIS CRyaPSEEIG )¢k heat
transfer neans vvh&rel n at least a portion of the first phase change

substance fu¥8SPeEhrIYSHYrs JeViRchfe SelRtLRE Bighglatent heappo
96/ 10696 fusion. PCT/ AU95/ 00655 -
- 21 - relatively high latent heat of fusion;.
transferring latent heat fromthe first phase
10 23. A thermo-volumetric motor or a method for producing ‘

motive power as defined in claim 22 wherein the first hydrate
" salt and the third hydrate salt has a melting-point of
between 0°C to ]..00°CT

24. A thermo-volumetric motor or a method foz" producing
15 motive power as defined in claim 22 wherein the first hydrate

salt and the third hydrate salt each has a latent heat of

fusion of greater than 50 kilocalories/litre {kcal/l).

25.° A thermo-volumetric motor or a method for producing
motive power as defined in claim 22 wherein the first hydrate
20 salt and/or the third hydrate salt cofnprises sodium acetate
trihydrate or a derivative thereof. -

26. A thermo-volumetric motor or a method for producing
motive power as defined in claim 22 wherein the second
" hydrate salt has a melting-point of less than 0°C.

25 27. A thermo-volumetric motor or a method for producing
motive power as defined in claim 22 wherein the second
hydrate salt comprises a stoichiometric mixture of sodium
chloride, calcium chloride, and demineralised water.

- 28. A thermo-volumetric motor or a method for producing
30 motive _powe:rf as defined in any one of the preceding claims

A




change substance, upon solidification. thereof, to a conpressi bl e
fluid thereby expanding the conpressible fluid; 5 r el easi ng
the expandoMO86/k$P&ssible fluid into pressure transfer REIATIHBUSS
ffovi ng the pressure transfer ~means whi ch then forces an inconpressible
fluid through an actuating nmeans thus producing notive power

from the actuating neans. 10 17- 23 - A nmethod for producing
nmotive power as defined in | claim 16 further conprising the step of
cooling the  whexsin e8Bepblacrmpressidlectibuichgisarnd ionprdskydtecatbon,
to the headydy a$iSf1 BANS derivatiyd: thereof’ Mt hod for producing
notive power as defined in 15 elther claim16 or 17 further conprising
the step of driving a punp operatively coupled to the actuating nmeans

wherein the 29 conpresg heriouivdlumeR¥iRefot ot 6 4 RRitHIP RS LS5 r S8AEEN
usi ng t he A et hod for Qﬁgd cing notive power %s

: 19. . [
defined in 20 dﬁ#%%?nﬁ?%ﬁrd?%jﬂ%fi%e?ol?SaPX}PRQ' & PIRFERENG t epr bR
absor bi ng Geat Whexreirmetheatconpressible £1ladkd ets on, réfrbyédrant sulkd as
absorbed heat qan.he 1 ragsfsrded | rstophase. . changge substance
of the heat transter én‘eans.oqé e&éﬂ%%e &!‘ gﬁ%@ﬁ%ﬁ"‘f%rttﬁ% tng notive
power as defined in 25 claim17 wherein the step of cooling the

conpressi bl e flyg d ipp%ﬁgﬁs-%igfn@tmchﬁﬁ&ﬁ%reggu&bgfét%%faoEggﬁg&uéw&g

by exchangi ng, heat with a second_phase c_aég ance, _
rel atively hi gfmetekentPonar as delingd o alaim 49 wherein the refrigerant

mel ting-poi nt, ey dHdt tdbh eI £ 3 W ferd | 41 Shdrst COOl ed. 30 21. A
met hod for producing notive power as defined in any one of clainms 16
to 20 further conprising the step of transferring specific heat from

t he inconpressible fluid, .

e
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- 22 - sai d specific heat generated mhen the inconpre

forced froWa%8%6essure transfer means, to the conpressi bl Sﬁ&BA&sHogéd Vi a
fa heat exchanger. - 22. A thernn volumetric nmotor or a nethod for
producing 5 notive power as defined in any one of the preceding clains
wherein the first, second and/or third phase change subst ances are
first, second and/ or third hydr at e saPLfg respecti.vel y,fceach having a
relatively high | atent heat of n. 10 23. A

t her no-vol unmetric notor or a nethod for producing
defined in claim22 wherein the first hydrate

notive power as
It and the third

hydrate salt has a nelting-point_of between_ QO[err]C to 100[err]C
24. A thernmo-volgggetric frosgy orgagnethod for producing 1p notive
power as defined igpgel @i m 22 pwheyein the first hydrate sajt and the
third hydrat @odal t chhas all gt ent at 468 fusion of grpater than 50
kil ocal ories/litre~kcsl . A therno-volunetr|c notor or a
met hod for produci ng Xy, iy porer as f40fd in claim 22 fherein the
first hydratezg@p —_ s+ \and/ thel erﬂ/ﬁggrate sal t qnnprlses sodi um
acetate 44 Lhyd | or o] o ve thereof. A
t her no-vol unetric or} or Pt hod aggoduci ng TDtlve power as
defined in cl a34h WherET hp secprme—~__ ggirat salf has a
mel ti ng- poi nt of Ie s t 25 E A therno-yol unetric
nmotor or a nethg : detined iph claim?22
wher ei n theggeconﬁ sqlt tonprises a stoichiomgtrif m xture of
sodi um 408 ' 508
: o i4
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(54) Tiue:/( THERMO-VOLUMETRIC MOTV
(57) Abstract

The present invention relates to a thermo-volumetric
motor (10) comprising a continuous incompressible fluid path
in the form of a hydraulic oil path (12), a continuous
compressible fluid path in the form of a refrigerant path (14),
and a solar collector (18). The solar collector (18) is adapted
to absorb heat from a heat source, in this example, sunllght
The hydraulic oil path (12) includes pressure transfer means, in
this example a pair of hydraulic cylinders (20A, 20B) located
in a parallel flow arrangement. The oil path (12) further
comprises actuating means, in this example a hydraulic loader
(22), in fluid communication with a first heat exchanger (24).
The refrigerant path (14) comprises a pump (28) operatively
coupled to the hydraulic- motor (22), and heat transfer means,
in this example a second heat exchanger (25). The refrigerant
path (14) further comprises cooling means, in this exampla
a first accumulator or condenser (32) used for cooling the
refrigerant. The second heat.exchanger (25) comprises a shell
and tube arrangement wherein refrigerant is passed through a
helical tube, and a first phase change substance, such as sodium
acetate trihydrate, is contained within the shell. In operation,
sunlight absorbed by the solar collector (18) is used to fuse the
first phase change substance and thereafter refrigerant passing
through the second heat exchanger (25) cools and solidifies
the first phase change substance releasing latent heat. The
refrigerant then expands and is ejected into one of the hydraulic
cylinders (20A, 20B) thus effecting movement of a piston
(36A, 36B). The piston (36A, 36B) drives hydraulic cil through
the hydraulic oil path (12) and drives the hydraulic motor (22)
which can be used to provide motive power.
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SUBSTI TUTE SHEET (RULE 26)

FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States pa.ny to the PCT on the front pages of pamphlets publishing international

applications under the PCT.

Austria
Australia
Barbados
Belgium
Burkina Faso

. Bulgaria

Benin

Brazil

Belarus

Canada

Central African Republic
Congo
Switzerland
Cte d’Ivoire
Cameroon
China
Czechoslovakia
Czech Republic
Germany
Denmark

Spain

Finland

France

Gabon

GB
GE
GN
GR
HU
IE

IT

JP

KE
KG
KP

KR
KZ
L
LK
i)
LV
MC
MD
MG
ML
MN

United Kingdom
Georgia

Guinea

Greece

Hungary

Ireland

Taly

Japan

Kenya

Kyrgystan
Democratic People’s Republic
of Korea
Republic of Korea
Kazakhstan
Liechtenstein

Sri Lanka
Luxembourg
Latvia

Monaco

Republic of Moldova
Madagascar B
Mali

Mongolia

Mauritania
Malawi
Niger .
Netherlands
Norway
New Zealand
Poland
Portugal

. Romania

Russian Federation
Sudan

Sweden

Slovenia

Slovakia

Senegal

Chad

Togo

. Tajikistan

Trinidad and Tobago
Ukraine

United States of America
Uzbekistan

Viet Nam
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