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THERMODYNAMIC CYCLE AND HEAT ENGINE

There is described a method for heat exchanging in and work
exchanging with a working fluid in a heat engine or a heat
pump if the method and its sub-processes are essentially

5 reversed, wherein a thermodynamic cycle for the working fluid
is approximately described through the polytropic relation
PV® = constant, P representing the pressure, V representing
the volume and n representing the polytropic index of the
working fluid having adiabatic index gamma (y), and wherein

10 the engine consists of at least one work mechanism provided

with a first and at least a second volume change chamber.

There is also described a heat engine for use in exercising

the method.

Recently there has been substantially increased focus on the
15 utilisation of renewabie energy sources. There are many forms
of renewable energy available, most of the available,
renewable energy being in the form of heat, and, in the end,
water energy, wind energy and parts of the ocean energy are
products of solar irradiance and thus results of heat energy

20 or thermal energy which is a more formal term.

Thermal energy may be utilised directly, for example to heat
water, but generally there is a need to convert the energy to
a different form that may be utilised for purposes other than

heating. The best example is electrical energy that may be



20 or thermal energy which is a nore formal term Thermal energy may be
utilised directly, for exanple to heat water, but generally there is a need

to convergnat gy to a different formthat may be utki f ur poses
ot her tha‘&oﬁgg{lﬁﬁg.& The best exanpl e is£ el ectrical enerté)yr?ﬁg?nr@?/mge WO

2011/ 1190462PCT/ NO2011/ 000105 produced by neans of a thermal energy engine,
al so called a thernodynam c engine, or nost plainly called a heat engine,

which is a re neral ter A heat gine is in npst cases hani cal
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geot her nedt dwmt turbimesintaheatcableéd Rankise turbédesThwbihbaampsgl atent in
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25 t her ef PrREBRIATEY DRI Ve +B3MREERCH tEFRaP Neat Pefigirie®or engine

Wi th ext efi@l edeabowsPPhYantd] ChThérd &Ri st apghpphbdtetypes. Wetbohew
i nternational requirenments regarding reduction of greenhouse gas eni ssions
and al so amr@ @ieﬁ%h-¢@$¢N®®I@n@n@¥§9 gas turbines are charactérised as

internal combustion engines, as the heat energy for these is
15 obtained by internal combustion of fuel. Steam engines and
Stirling engines utilise heat from external combustion and

are therefore often called external combustion engines.

The term external combustion engine may often be misleading
as the heat energy for a so-called external combustion engine

20 may just as well come from the sun or another form of heat
source not requiring combustion of a fuel. Another example of
a heat source without combustion is geothermal heat or ground
heat as it is also called. This heat is latent in the earth’s
crust or even deeper. The term external combustion engine may

2s therefore advantageously be replaced by external heat engine
or engine with external heat supply, which is a more

appropriate term.

With new international requirements regarding reduction of

greenhouse gas emissions and also use of non-renewable energy
30 sources, there turns out to be a strongly increasing need for

renewable energy sources. In this connection there is also a

growing need to be able to utilise heat at lower



30 sources, there turns out to be a strongly increasing need for renewable
energy sources. In this connection there is also a grow ng need to be able
to utilisgoRgatiifse! Over WO 2011/1190463PCT/h[2011/000%g§m&ﬁqﬂﬁh@ﬁgres
such as from geothermal wells or solar #nergy plants. An inportant
observation here is that the | ower the source tenperature the nore energy
is avail able and the cheaper it is to procure The avail abl e heat energy
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15 Nevertheless, one may get improved utilisation of the total
available energy by combining different energy sources, for
example by supplementing low-grade heat energy with high-
grade heat energy, the total efficiency being relatively
high, without all the heat needing to come from an

20 “expensive”, high-grade reservoir.

Today there are several technologies that in several cases
solely use low-grade heat sources. Examples of these are
Stirling engines and “Organic Rankine Cycle” turbines, so-
called ORC turbines. ORC turbines follow the Rankine cycle
25 just like traditional steam turbines, but instead of water
they often use an organic working fluid having a low boiling
point at atmospheric pressure such as pentane (boils at 36°C
at 1 atmosphere), diethyl ether or toluene, hence the name
part “Organic”. By using a fluid having a low boiling point,
30 heat energy at temperatures well below 100°C (normal boiling

point for water) may be utilised.



Current |ow tenperature technol ogy has a few drawbacks, giving | arge room
for further inprovenent. ORC solutions require for exanple relatively

advanced r.ojn chnol ogy, making this technol ogy |es il i_n areas
wher e thé&gng@ﬁ%ﬁgal expertise is | ow, 4t he use of thisiFi%ﬂ#8ﬁ§@§”5
furthernore entailing large costs. ORC plants require in addition |arge
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relates to a at engine and a thernodynanic cycle with external heat
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relatively smal| sizes conpared to the output. This i.s very favourable with
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isothermal (or more real polytropic) expansion takes place.
The Stirling technology has also several challenges turning
out to be difficult to solve, large demands being made on
20 inter alia material properties and heat exchangers, where
materials and the remainder of components required for
Stirling engines are not normally found as standard goods
within the most common engine industries. This makes the
Stirling technology very costly, and advanced expertise is
25 required for production and maintenance in the use of this

technology.

The object of the invention is to remedy or reduce at least
one of the disadvantages of the prior art, or at least

provide a useful alternative to the prior art.

30 The object is achieved by the features disclosed in the

description below and in the subsequent claims.



10 material, production costs et cetera. There are many exanpl es of heat
engi nes where heat is supplied during the expansion. Besides engines based
on the Stirling or Diesel cycles, one finds in the US patents 7,076, 941

( Hof f man)WOZ8H81%460294 (M ssel horn) and 4, 133, 172 ( Cat ACEANORLHOHS e
exanples of 15 this. The present invention seeks primarily to supply heat
during the expansion of a mnrking fluid alternating between the gas and the

| i qui d phases (two-phase principle), what is |ess w desp read I n one
embodi nenth %fp¥%%e%%g%%%9?9&9%x% FoR CRafrbRPataPRIZRe 21l 8ed, which may

be given @Hefﬁﬁayﬂﬁﬁiagcy@i@n@ﬁtﬂfeﬁwgrﬁaiIHéstssu%§1§xp@né andaguppl y heat
to a working fluld beling expanded in and between these, to then be able to
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inter alia US patent 4, 3931653 (Fi scher) there i S f own a IStﬁ gased
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di fferent reservoirs, Suc 'as f om a
15 this. The present invention seeks prlmarlly to supply heat

during the expansion of a working fluid alternating between
the gas and the liquid phases (two-phase principle), what is

less widespread.

In one embodiment of the engine two expansion chambers are

20 utilised, which may be given by the working volumes of two
cylinders, to expand and supply heat to a working fluid being
expanded in and between these, to then be able to achieve two
different thermodynamic processes. This invention seeks
further in another embodiment to utilise both the rod and

25 piston sides to be able to achieve two different
thermodynamic processes in one and the same cylinder. Thus
the heat engine size may be further reduced, as one does not
have to use two separate cylinders for the two different
processes. In inter alia US patent 4,393,653 (Fischer) there

30 is shown a piston based heat engine utilising both the rod
and piston side to form two cylinder chambers. What

distinguishes the solution in US 4,393,653 from the invention



15 high-grade heat reservoir as described earlier. The publication "A
Dual - Source Organi ¢ Rankine Cycle (DORC) for Inproved Efficiency in

COnvers!QQOQPP?H%MSLomf and M d-grade Heat Sources", Do%gT?gﬁg§Z§gggor,

Doty Sci enti 009, gives a detailed @escription of poss vant ages
by utilising a 20 double heat reservoir in a thernodynam c cycle, in said
publication being represented by ORC. There is provided a characteristic

t her rodynam ¢ cycle inple ed_by. a heat engiLne, .t he heat_epgi ne
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crankshaft,” val ves, fluid channels and seals; a heating course consi sting
n
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an i njsectp@si it ;of theupisteserdeviating cfroul eheofieptupssfon the
therno-fluids. The WO 2011/%%90467PCT NC2011/ 000105 ¢ I%nﬁer aﬁsenbly is
in a si mPESERF NI Phal VRAED dF IR Y%??ﬁngeﬁP?ﬂggrmé? angefBhit *Wth a

cr ar‘kShafrﬁaﬁ&éﬂMrﬂE‘i&E}?goﬁsﬂhén#ﬁé&&@t%ﬁ]@ b8it¥enpl stRase hike in an
ordi nary conbustion engine. The cylinders m urther be defined as a 5

first andlsscethrl csxampbes whblesing thisydewbiadeatiBgurEirgipPhe: second
cylinder Jis_|arge . I I j j | i nder,
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ei t her by € Secon déer having a ger ter, or t piston in
t hi s ghankesaieidmng &n | @agent son okeisos dncondbdhbionalt heéseoh. baBelin one

enbodi ment the cyljnder assenply i sed on sjngle cylinder.djvided into
two chanbream FRIE¢He ?PEtB?e%%tgoﬁﬁbﬁ Hﬁ%ag?%kbg?tFygiﬁ'mﬁﬁ?c etieen
these, ang i hendi S190 fes fxishehventixed piston stemfitted on the one
side. This side is defined as the first side of the piston and constitutes

a 15 first cylinder chanber, where the piston stemin a fluid tight manner
is |ed thfpurdditionsthe dheat erdipdrrayvnubiline BopFn8EP™ §WE opposite end

of the pi?{@@ éénﬁeﬁéggdr%%ef?gf?EFOQQCEiQQ 9£?&h§ PB§Lﬁ9aanaBQrHE a
second cylT'nder chanber. e tully expanded volune of the second cylinder
15 high-grade heat reservoir as described earlier. The
publication ”A Dual-Source Organic Rankine Cycle (DORC) for
Improved Efficiency in Conversion of Dual Low- and Mid-grade
Heat Sources”, Doty and Shevgoor, Doty Scientific 2009, gives
a detailed description of possible advantages by utilising a

20 double heat reservoir in a thermodynamic cycle, in said

publication being represented by ORC.

There is provided a characteristic thermodynamic cycle
implemented by a heat engine, the heat engine comprising an
engine housing; one or more cylinder assemblies formed by
25 among others a piston, alternatively a piston stem, a
connecting rod, a crankshaft, valves, fluid channels and
seals; a heating course consisting of one or more
recuperators (regenerators) and at least one heater and
appurtenant valves; a cooling course consisting of at least
30 one cooler and possibly the recuperator(s) also being used
toward the heating course; an injection unit; a liquid

reservoir and circulation pumps for thermo-fluids. The



20 chanber is larger than the fully expanded vol une of the first cylinder
chanber as a consequence of the piston stemtaking up a volune in the first

cylinder,&gﬁggﬁﬁgﬁghe invention is further characteriseggiﬂghgg@mhﬂg

characteri rmodynam ¢ cycl e consists of a seque
t her rodynam c processes inplenented in that a working fluid in the heat
engine first expands when it is heated in the first cylinder chanber when

the piston js gn its up, and where it further expan fr ] Lrst
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2011/ 11504GREGH NROL 0001 0L ey i shab-bonkheeaeennd. p¥l hadeheghagbar. The

engi ne i s further char erise at the first cylinder chanber
functisonsfissa aedtaexebandecylbnded, t Weewer khagfal lydespantigd wmedtmgay be
transferred through

the cylinder.wall fro 5 therpo-fluid in_.an outer
fluid coutBetBRdSFHeD tﬁ%¥%ﬁaﬁFnbsfﬁﬁFgngLﬁﬁ8 %Hﬁngg}?yssxPﬁggeQXtra heat
may be fegoigmthenWohki pgrEtubgiingthe exprasi By phecsesoha thereldgrachi eve
an increased effect through-flow in the engine. The engine_is_also

char act erhaedngnat hargewr Riappreed @ﬁ_?h@_ﬁﬁ§?@ﬁ ig Eb16i§PPWBGFéd bet ween
the up-stfoke,8nd §088PWoE SLEQKCor i EbnbEndeloROEABLebLR DSt OF the known

pi ston engi nes; éxcep rtion steam engines. This contributes to
distribute the work done by the piston over a greater area of novenent,

whi chiagain omy eedodémeéhe tbeceglindeneaenginhéy as heskddonealsiwgle force

(F) x distance_(s),.th i stanc s). bejng i ncreased. here. . The hani cal

| oads (geﬁ%ié?@érb?lﬁigﬁayl?ﬁgngﬁé %%88%83?'aW§e§anF8rpéﬁ °8h8§§§rgg
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a direction roma cran aft connected to the piston, an

means:a dfiesti oplindardchaeb2s, cwhakehshe. piston stem in a fluid
tight manner is led through a first, axial end portion of the
cylinder. The opposite end of the piston is defined as the
second side of the piston and forms a seéond cylinder
chamber. The fully expanded volume of the second cylinder
20 chamber is larger than the fully expanded volume of the first
cylinder chamber as a consequence of the piston stem taking

up a volume in the first cylinder chamber.

The invention is further characterised in that the
characteristic, thermodynamic cycle consists of a sequence of
25 thermodynamic processes implemented in that a working fluid
in the heat engine first expands when it is heated in the
first cylinder chamber when the piston is on its way up, and
where it further expands from the first cylinder chamber and
into the alternatively relatively adiabatic, second cylinder
30 chamber when the piston is on its way back, a working-fluid
bypass with appurtenant valve forming a passage making it

possible for substantially all the working fluid to flow from



The invention makes a considerable increase in energy supply possible, and
therefore tapping of work per conpleted cycle, contributing considerably to

i ncrease gffibgkency (effect per unit volume or unit foobfd@ heat
engi ne. Q%B?ﬂe/%ngrne is minly intende® to work accordrggﬁﬁ%oﬁﬁg t wo- phase

principle, defined by a thernodynamc cycle for a working fluid changing
between liquid and gas phase, like the WD 2011/1190469PCT/ NC2011/ 000105
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15 that is to say the small "ternlnatlng@ part of the line pointing
f
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heat exch e ainst a.fluid a C i raiu I t he heat
209%, HUARSL B BLY. B R b LoD Bk R 51 on! b

source mu her ureto e to achi eve a
hi gh 20 hedstfivxtedVioatnexh ehaoufiagrbkai dndsthe Bewrvapookeedwhichhi s

tenperature, like in an ORC, it peans either that the heat exchanger

surface MRt ¥Vl aigemost PhatlenEPPRePtARP:t FBITNGFd FECPBFt *Pn

contact W ihgiheose f 8€€athSeh§Pes TrRiLScdHEriButls ERCaeBgLABELHL thiesi NY
turbi nes as 25 expanders, and these may only expand near-adi abatic, as they

do not hawerk ndem@abyhehe pkshangever ahgseatertAtepeaf WO¥EMPBEtsupplied in
advance of. the expansion._ln the pre Lnyengiqn tilLs o] e
contrary, "AhSE hd? %%e?%%d§%§%?% %ﬁ?n%gg%%% %gn%b§ ?ﬁgﬁ?grié% ?é?keéghgle in
the 30 Stiw)ioHgrepgtner) sen@iseahces (sypptheddistianget lie) ekpangi on itsel f.
This turns out to possibl¥ bei ng. very favourabl e, as ths expa?sion bri ngs
about a prRSEERecdrbpraecTBed"B8yhARL GRAI PadPafdPRHAFEALPY 5t Bf¥erature

drop, makifgnthe hedhcElUXand simpler and cheaper materials may be
used. The same principle will be valid for a two-cylinder

embodiment of the engine.

20 Even if, in the description, terms as “up” and “down” are
used in connection with piston movement, the invention is not
physically limited to vertical piston movement. “Up” is to be
understood as a direction away from a crankshaft connected to
the piston, and “down” means a direction toward the

25 crankshaft.

The invention makes a considerable increase in energy supply
possible, and therefore tapping of work per completed cycle,
contributing considerably to increase the efficiency (effect

per unit volume or unit mass) of the heat engine.

30 The engine is mainly intended to work according to the two-
phase principle, defined by a thermodynamic cycle for a

working fluid changing between liquid and gas phase, like the



WO 2011/ 119046: oPCT/ NO2011/ 000105 possi bly becom ng high as the tenperature
di fference between the heat exchanger and the fluid is increased during the

expansi oRyoSP1tHgle™r e heat is supplied faster. This pak?@kﬁg?ﬁhgughe nost

i nportant reason for managi ng wi thout 5%an evapor at or, erwm se is
mandatory in an ORC cycle. According to the invention the expansion starts
| ong before the dry zone of the fluid has been reached, as illustrated by

the falli in fi . 16b, where the t ture d he ent
| ner casestaRRRg evilet b AP EYEr Bhar SOS BT ROLBLPs exPPREDER FPah the

engi ne. | h@nc$ R VWOhK {BecXhgasbedapnhiyiinséha adkrbagi €1(ligenhr gpse) part
of the cycle, as shown by the vertically dropping segnent of the curve in
figure 16ene/hased Preferablyfantm PBapanped fromthe | ow pressure 15
reservoir to the high-pressure heating course by neans of the injection

unit. Therh@SEhyhis Y2 PEoSPELy el Al Bercdr! AN dshankn BF BAX AbGer
devi ce bei'ng able to contain a [1Tquid. The working fluid, hereinafter also
cal | ed t hee$éuvdir negmperanyré| Uedetureddteveotot herapphinpdei ORC.sash as

wat er, pentane, or 20 ot her or ic . liqujds, various,cooli dia and so
on. The ihfecti®Bn ﬁﬁg??rﬁgrg?ﬂgg?ﬁF 3§S%a8%ﬁ|%aaﬁﬂétiﬁﬁSCBg?g%ﬁgy be any
devi ce thgimpay¥aberdsesved pympudhf Lekd, f asmhel ewphasaochi ghaptesaura. The

injector may be arranged to punp the fluid in batches, feed an adjustable
flow of fleweroenpsordi heueh- aTRbfsianehpresitr EBhenTr FedLRITFE™at "t he

outlet. .Lhe iniect LN e wRepll thed-a-0a8- Kat ypa ywakve to
avoi d reC%% ?ﬁ% g§8fhg%?%u%gé%%%m%gT e%e ma Iikeﬁdse be fitted a
non-r et urdizgrsesaint htgungecl6a audl 26b Thélowj ectdpckmysturt her be

mechani cally synchronised.with e 30 heat enpgi ng and.be_made such that the
suppl i ed ﬁhéﬁ?¥%9nahdIPh 1?HF%c§FBn1Fiﬁ§°WHng$ iafugﬁaarsg ﬁgédsa. The
injector p@yYaiustBcorBecpt1aNgfHete BReCOBbbAKEedhBYtMeapp19f pabce¥d

2011/ 11904611PCT/ NO2011/ 000105 el ectronic control system such as an Engi ne

Control Ub$t sheow) asselef spPerghaeigentrdl LireppbeEec &P, Process 1s

terminated by superheating into the dry area for the fluid,

15 that is to say the small “terminating” part of the line
pointing diagonally upward from the horizontal, before it
again falls. To be able to heat exchange against a fluid at a
certain temperature level, the heat source must have a
considerably higher temperature to be able to achieve a high

20 heat flux. When next a working fluid is to be evaporated at
this temperature, like in an ORC, it means either that the
heat exchanger surface must be very large, or that the time
that the fluid is left in contact with the surface is long.
This is due to the ORC engines utilising turbines as

25 expanders, and these may only expand near-adiabatic, as they
do not have internal heat exchangers, thus all the heat must
be supplied in advance of the expansion. In the present
invention one utilises, on the contrary, another
thermodynamic principle, namely that, like for example in the

30 Stirling engine, some heat is supplied during the expansion
itself. This turns out to possibly being very favourable, as
the expansion brings about a pressure drop decided by natural

law and implicitly a temperature drop, making the heat flux



Fromthe injector outlet the fluid is punped into the heating course that
has the object of supplying heat energy to the 5 fluid. The heating course
may be degphgpgdii§igh that the fluid goes through nulti ph,ﬁTmQﬁ/@fm@eati ng
at different tenperature levels. In a fi0rst step in the heating course the
fluid may flow through a recuperator designed according to known
recuperator principles, as this may return sone of the 10 waste heat from

the heat engine fluid outlet, In a next step or alterpatively the first
Step in ERSHENY RECUHLE HER 139 therkSTPORAGHE S it Lo FERTSrOSERFY ng

heat froman gderdatndigdr raserves re1die healhese£66d S@uiygi fhaddi tion
contain nultiple heating steps utilising heat fromvarious 15 heat

reservoi rexpsinmieranesusthat ameicpriedat abs ysupphi ¢dafageser vBRES havi ng

hi gher and sequentially risi { r ' y al so
be added I??'Blrrécairrglceuplesr ar 7 erc\)/\? hlfﬁaép% j%c]? %?J”?e%‘g%é‘?‘.%%éﬁéi ngggflgﬁggt at
the vari cits deimerator £ wieheh sot Rérwhee heat hagdaoorgeimayn aORCt syolel et be
provided with a pressure threshold val ve such as a cyc val ve_whose

lin
functi on A9CEARR nek e Rtir BT A L TR et HF eSXRARS A  HEHhbRAL ?‘P] 9c18_ﬁf‘8’éei s
al ways ahqye f-Feiddd bt eMal . F IR iRhy o dBY Absehbe, agh usi BhkeraPed by
accordance with known control principles to 25 allowthe flow rate and the
pressur e tdfe tfwl Worki eurve vinl fiawagloot wherdetheatenpetatinse €50Be
adj usted accqrding to various needs. The. heating go e y
pr ef er abl37 btgl%iezrgcdr?%y atways ee%io Irr%rgﬁj\h%r%%tg ?fu'ly%éi %g?%%nfg?ﬁggh‘ggﬂ{ng
cour s t hian eshatadiSed et echd océndhpect imnan nOROewsyk| £s dher36tbdnefit of
this is that the volune, and thus, the heat exchangigg surfaCfs in the

heating ctk%eayheAdiahl acbbf e PR b heR¥Et WPt hbaE £¥E FestSof the
engi ne desigm NP 30 1 LODASIRPCT/ | 909405 bsk ngnaf EgetedinThe

heati ng coursegv%pll al so be abll%g to%ﬂ%‘%i on as a fluid buffer, which anong
ot hers stfiengtéeldathe ability of the engine to be able to adapt to varying
| oad, a quantity of heated fluid always being available for 5 injection

into the engine, ln pne. e ] ! N4 on k id_may be held
in liqui cfgf%irun% hlr%ufg)Jf'u U g?ﬁ%g%i%m%%grJg]g&gyatlﬁel%‘;rvzég%%gh?% t he heati ng
cour se bedargeteept r sttib f tlee emt dly- - gdsuaea dhéheifg ucdut sapey anearsnof the
exceeding the critical fluid point, |o where the ge aration between Li,quid
and gas CHARRCIGR XRLE: THE aHOTTETOLRBAY fBRt “BFDLRe T rLRET of LAEUHI

nmay be heal,ad to-Weh{ SDQVE 4d@i&é i béfRy APLAttoVBEREadhl aOLigails Thet he
fluid may transcend ¥o a supercritical state by bei ngll n contact with a

heat exchesigeindaflwida henpitnatver absgecalled the

fluid suitable for the application, such as water, pentane oxr

uid, may be any

20 other organic liquids, various cooling media and so on.

The injection unit, hereinafter also called the injector, may
be any device that may be used to pump a fluid from a low to
a high pressure. The injector may be arranged to pump the
fluid in batches, feed an adjustable flow of fluid or

25 maintain a constant pressure in the fluid at the outlet. At
the injector inlet there may be fitted a non-return valve to
avoid reversing of the fluid flow. There may likewise be
fitted a non-return valve at the injector outlet. The
injector may further be mechanically synchronised with the

30 heat engine and be made such that the supplied quantity and
the injection time may be adjusted as needed. The injector

may further be arranged to be controlled by means of an



15 the critical point. In this way a |l arge heat quantity nmay be added to
the fluid before injection into the heat engi ne working chanbers w t hout

that e VA BB B CayS br ovi des enough f1uid in i he nESENMELBITEE"Che

20 quantity needed for injection per cycle always being avail able. The
i njector always being set to keep the pressure in the heating course above
t he engi ne working pressure may for exanple solve, this. Thiﬁ is.inter alia

known fr oM @IAHELChRY TR SO | B BRIV R FEPY, USdE cal | ed 25
"Comn-r?éé@l L@ﬁtf&f‘,er@&né nodhelorass hbasprcesps. fuel injection and

not wor ki ng- njection as I1n the present invention. Fromthe heating
course the working fluid is injected into the first cylinder chanber, also

cal | ed t Herdm righe iorjeekpBOEhbebethe ofluh@ bppwePed thbabehe heating

wor king-fluid inlet, .her er I z The_j.nj,ecki may be
carried ocfﬁulbi/et rtlaafi n?%%ﬁ%ﬁé o%bf%égiﬁfe%‘?&)g}éﬂ% %‘ﬁ%t h%g?lf% g%u?@% WO
2011/ E1908RiBPCTHINOAEEY 11 1660 89| way doe ndeighgped@ssuck tbaal tbe fheidl ui d

flowng into the heating course to displace a corre di ng anmount of fluid
al ready FeermIhgh mMELRHY FHERS fbUntat R W %g?gﬁfefgﬁe heati ng

course thy 3G DOZH &1 fN0h Ny Or L Aee fLesdh P Civhé NHEAL £RgNBSHrsé Nt RAOL her

enbodi ment the injection is carried out by the valve in the heating course
out | et opehiid) ay flewithrénaugh-feowperakor njesignedniacarding the

pressure in the heating course al I nt.ai ni e fLul i {.able.
" yet atBioEl BRI & Sea T Sotn COLE Rl b Rens PG Ghythe
i nitiall ywheasied@i fiesh i thé i gehel éngimenfihidheutikstr elinaaobakti step

conpletely injected into the first cylinder chanber. This naégbe achi eved

by the i PebreBatetY dngdt 155 hef HeRi 1 at e ghe@hdRghCprESS uFBSand a
hi gh eno {&(H$§E¥fwa&@.ﬂ@é&r§dh§§9¥9t$@5?ﬂfiﬁénﬂe£fUfgoﬂ05n15 starting

to expand fromthe lIiquid formbefore it is 1ocated inside the first
expansi orextermnmst  hddereesayvohr t hThe cheat g ocherae raagedn apddxt&esi on of

the injector, which may. b | aced at _the heating c e I : bet ween
t he heati?ﬁf%ﬁﬁﬁs JiﬁﬁéiﬁeﬁééF%%% ??%é% ?% giélggoeléﬁngg ors%ﬁ%§%%r 20
regul ati onesd PERSSESEransh hi DraniébesDY, tmed wr&fagablyi firomheedtr st work

chanber functions as a first, expander by the ugmard poyenent (downward in a
two- cyl | MERF Vb drdEHLY ighet PRdtBRANeRY AL NgTERE ol une thereof. The

nozzl e mayefie. £ 480 anfl, ik £Steohsdeh thatethsyi Bi86tBd fhykd haktially
recuperators with the object of recovering residual heat at

the various temperature levels.

20 The heating course may at its outlet be provided with a
pressure threshold valve such as a cycling valve whose
function it is to make sure that the pressure in the heating
course is always above a certain level. The valve may also be
adjustable in accordance with known control principles to

25 allow the flow rate and the pressure of the working fluid
flowing out of the heating course to be adjusted according to
various needs. The heating course volume may preferably be
sized to always keep more working fluid inside the heating
course than what is required for injection in one cycle. The

30 benefit of this is that the volume and thus the heat
exchanging surfaces in the heating course may be varied

according to needs without the rest of the engine design



25 obtains a flow direction follow ng tangentially the inner circunference
of the cylinder chanber thereby making the flow path spiral -shaped as the

pi st on br\%lﬁ%ggzlsg(% an expansi on of the volume of the f'g&é\ﬁ(fzﬁtlkdagﬁ)

chanber . antage thereof is that i%e working fl ui en flow
cyclonically 30 inside the cylinder, and the parts of the fluid having the
hi ghest density will then be flung outward against the cylinder wall. This
again may |l ead to increased heat exchange with

f ihe cyljnder_wall, the
cool est pafiRIcRtiesredd Hof PRy INAroOBITE 119 6i£§éﬂ¥ﬁKﬁ%}T/680105 havi ng

the highesindenshtys SUETLPS BhrEd8, ThHiEn! amBAG bYheBs! savkdgtaenms The
first cylinder chanber conprises mainly a first cylinder section, and on
this are thenedikkterofl the oengin@nepsbs ahdeetn adhpht &6 vAESYABIf luid is

circulatipg. ,The thernofluid fransports. heat fr n_ex : a
reservoirfgfﬁfi%gq?%%€£§ a%si%%ao Bt%%uﬁgrgﬁﬁaygrh?gngx%§égﬁég?8i%ogupplied
by the cylhfdetival inestthg @sgindeat exchanger between the therno-fluid at
the outside of the cylinder and the working 10 fluid on the inside.

Dependi ng_on how efficient the heat exchange |s, d.the tepperature | evel
of the thERnBR¢| SRECIMERkPF uFRe 1 RBEPEFS ictgﬁpgﬂg?énmﬁyo sbgggné? be

achi eved. 1 | §, 8d CASEm WEESuRotheE AB- hbHE UngScehibsH! Byedheapdetbaref @he no
heat is supplied to the working fluid, a near-adiabatic 15 expansion
process nelye beeathnavedupsevhbeengt kepexpuhsiehentévr Bighi cRR¢t ERGugh. | f

enough hegf,iq SURBLIS.1Q KEEP-LOEURRY! P Lih g1 LaTPRIGLHI BoGaRst ant
during the expansion, an isothernmal eXxpansion process is achreved. If even
nmor e heatwhate woh&i sgpatat lohsbstppehetliqandi anBagae erparsi b emysbe 20

achi eved, _wherein the pressure will|l be relatively, constant throughout the
expansionI%r%E%EE?rIﬁmgﬂdéW%ﬂtnBFetBQtFﬂﬁﬁnEiaﬁp¥EesgiHﬁghmﬁ¥ageand wor ki ng

fluid may,bgersyppbi §611 0abB6ePERECSSit k1t PEiREESGHERI At ECBTEHadEi NY the
expansi on, and a superbaric expansion process is achieved. Before the 25
wor ki ng féfii theaflebdemavit branacand @bt A shupetrritieylli Gakeckanbeindbef ore

course, 1t eoRGgErvibh i hEepc Fet s halifiod KEhpBEa IRl RBERD . (o

the fldi dché Ehetbegl npoigt of Iht sShexpaagi anlakget heatngonaetitifemhgabe
exchange 30_.in the first expansi on process wl | not onh¥ be degggdent on

the heat @3dadnge th aE?P@dg?efﬂEefEP%FCEﬁPPnHEFOCHBHb at eng

working chambers without the need of a large evaporator tank
like in ORC turbines. This presupposes that the injector
always provides enough fluid in the heating course, the

20 quantity needed for injection per cycle always being
available. The injector always being set to keep the pressure
in the heating course above the engine working pressure may
for example solve this. This is inter alia known from diesel
engines having a common injection manifold, so-called

25 “common-rail” injection, but in that case it concerns fuel
injection and not working-fluid injection as in the present

invention.

From the heating course the working fluid is injected into
the first cylinder chamber, also called the first working

30 chamber, or the expansion chamber, via a working-fluid inlet,
hereafter also called a nozzle. The injection may be carried

out by the injector on the inlet side of the heating course



WO 2011/ 11904615PCT/ NO2011/ 000105 The invention is not limted to a
speci fi c nunber of vol une change/ wor ki ng chanbers, but may generally

conpri se r e work chanbers, dependi ng on how on
SRR SRR

i mpl enent "t eat exchanger function. ¥ a preferred e nt t
essential of the invention is that a transition in the heat exchange
processes is present, proceeding from having a pol ytropic expansion (with

heat supply).to having a near-adi abati ¢c. expansi i thout particular heat
suppl y), %FR#¥&E$ee?ﬂ'ghnﬁ§e5%?§%lB%daﬁ}?ﬂ gﬁ?e?ﬂ&ﬁgktg?wéQ h&h 8rg3eas 10
opposed tRekPihdt &5RAke COTDYSE) PACENGI B8BrebPoh@iRYShinBneNPENESLiGUCh as

di esel engines, " this is relatively sinple to solve by stopping the fuel
i nj ecti onabed¢ady pPhesexpahBena, i cavehpdcthis amauphy Fﬁefgﬁy giteothe

remai ni ng_part of.fhe ex Sj C ja e u , 0 nore
heat than"15 ?%%%1 v%ﬁu %gt%§9?€é$ g%%bﬁg%?g% ?gasgggﬁi%gg %Egsgdvantage
of this isylhadentchiebsaneIhi arotkeexénbotaent sthapphijedtdoni ng t he

expansion, it is also obtained to utiljse the,residual

t heat .that .
al t er nat | SRYYLGRUPYE BV ethe BR1¥BotRd" ﬁa??aFﬁﬁgeBQuﬁﬁﬁsgﬁglﬁﬁa8388épged

energy | ogsr i"éi&léﬂr89g30fisﬁfoaﬂé {RjLBeosOhHt heAihAngr adkt i onal steam
engi nes, where the steamsSupply fromthe boiler is closed | ong before the

pi ston (opressuvmsinnthenbeatingpapsren ehygrne)mpistaéndngdengnBhcylinder
dISplacenF &idlgvgi gﬁlgf P§g§e£SaﬁHPﬁ%%ﬁQ@Qﬁ?%ﬁgnEhg 8@P&§e8fakgﬁnt

expansi on"course, one "w | end up residual pressure and a
hi gh tesi dfiabofiethg fhutl way bDoitbellyi besedihoaipedf anmilhguwdr Eortience

the | oss. The_ challenge and solution is to diyide the expansion, process
nto at |@ASiLi4esieRsredhapebnt F8 FrPRLetely taREEtRRasREe the

first cylinder chamber. This may be achieved by the injector
being arranged to maintain a high enough pressure and a high
enough flow rate, the desired amount of working fluid not

15 starting to expand from the liquid form before it is located
inside the first expansion chamber. There may in this case
also be arranged an extension of the injector, which may be
placed at the heating course outlet, or between the heating
course outlet and the f£luid inlet, providing for further

20 regulation of pressure and flow rate of the working fluid.

The first work chamber functions as a first expander by the
upward movement (downward in a two-cylindered embodiment) of
the piston increasing the volume thereof. The nozzle may be
fitted and directed such that the injected fluid initially

25 obtains a flow direction following tangentially the inner
circumference of the cylinder chamber thereby making the flow
path spiral-shaped as the piston brings about an expansion of
the volume of the first cylinder chamber. The advantage
thereof is that the working fluid will then flow cyclonically

30 inside the cylinder, and the parts of the fluid having the
highest density will then be flung outward against the
cylinder wall. This again may lead to increased heat exchange

with the cylinder wall, the coolest parts of a fluid normally



30 with heat exchange with some sort of variant of a polytropic or m xed,
pol ytropi c process, while the second step takes place with little or no

heat exchgpag11/11bd4§ My be solved in nany ways. WO PCT/NO2011/000105
2011/ 11904616PCT/ NO2011/ 000105 In a veﬁf sinple exanple, illustrated in

figure 19, one may provide an internal heat exchanger in the cylinder
encl osing only a part thereof In this manner the portion of the heat

exchanger_ surfac s rel |ve 0 th t ot al |nner £C n r .
decr ease WREH'Yh % %T hcOVRT S %br% SRd* ot & ¥ : ﬁgﬁ%éliﬁd Q%Elpﬂgh
during thﬁlguggnﬁ&gﬁ stroke Then, when the morklng f|UId expands, the
volume w Il increase, the density decrease, and the portion of heat

exchanger surface decrease, which will drive the ocess.nore a re
an 10 adl%%%tﬁhr%ﬁr%%%}%ﬁﬁrlﬁh%ﬁﬁ?FlBﬂmPﬁésgﬁrTﬁégiYmPtEFﬁth8Y3§PH%Her not

bel ongi ng; o (e, 1 ot grHal e heat 2 pxCchapges @ﬁyepﬁaihﬁmaalbmahﬂémbated to
further an even nore adi abatic course, as it wll counteract heat exchange

in these mhe331muath%atedfth$nm@dﬁlv1@nlseﬁpﬁﬂ@l@ﬁlbg aThgotpra®e-fluid is

15 concer ere the fluid a t n r ro idto
gas duringf?%%m€§%%%%?%t Res éfﬁ ﬁs%gg% na? géggngggera§ﬁ§ gg%%?%on in
heat transheregpgnsboh hef gelke phaskihgvibgid érwvea heat tsassppilied by

coefficient, which will contribute to push the process further |n an
adi abat i cth® @viEedepnvalh ?%F%nﬁa?stﬁeP%aHaﬁxﬁgaﬂgﬁroPEBWEeglﬁb?e cyl i nder

be creat edya b5 apphid Ok | fhd NGuEXPABSLENE RE 0SS Snarbenadt BRECwirklinge a
high initra eat transfer, while it will dimnish considerably over tine,

to then a@pun@chnaﬁhabam$nde25D¢peadnnge09rbﬁwrﬁéﬂléxanﬁléhea§e§ﬁomm in the
figures 6a and 7a,.or in.t j gures an e S y _be
separ at ed D ﬁ???l%?hga%§ %%mggfﬁe%ﬁesg%agétégc§b §%9§§ zgé%ga Fn
this way & et§r6ﬁ8©ﬁrpépytrﬁpictBﬁpahundncpﬁbaébsagamaytbéhaehéa&edxchanger
surfaces during expansi on, as one 30 % choose to only have geat exchange

in one cyfRndlefagharpere BP BherBasflned 1 FHECPégFerIPHGeF ERSEBEF, the
Fluid 1oy, Cé€|%§r§u§§ilégc€bvtﬂg &agkbﬁg h@aad Fhrabhy-hheabhuie i n the

first heate der anber 1s expanded,
2011/ﬁﬂ90éﬁp§ﬁ§ﬂbh(ﬁﬁQ¢é@90m@§ bheaehieeedthéOVhdﬁd thpamdpangicRer in the

corond. agiateli e DIERARIRTORE, (RRLR Bl g, e el PPl asEER:
connect edywbfk énd| E1di gopBHpeécating weMsthhe Qustingstheskxpansion, an
isothermal expansion process is achieved. If even more heat
and working fluid is supplied, an isobaric expansion may be
20 achieved, wherein the pressure will be relatively constant
throughout the expansion process. In an even more extreme
example so much heat and working fluid may be supplied to the
process that the pressure increases during the expansion, and
a superbaric expansion process is achieved. Before the
25 working fluid has come into contact with the first cylinder
chamber, before or after the nozzle, but after the valve at
the outlet of the heating course, there may in addition be
fitted a heater supplying further heat to the fluid at the
beginning of its expansion. In this manner the heat exchange
30 in the first expansion process will not only be dependent on

the heat exchange capacity of the first cylinder chamber.



5 at | east be out of phase, for exanple be synchronised with displacenent
opposite one another, and a valve (not shown in the figures) nust provide

for this hapgeniqg at the right tinme. In such an exanple the first
expansi onVBrBEEd&Mpaki ng place in the i st chanber wi | PCRNAROIHROWR,r act er

of a 10 polytropic or a m xed pol ytropi c expansi on, where a consi derable
anount of heat is supplied provided the heat exchanger is suitably

desi gned. The second expansi on_ process will be Eg[étro cto stait with, as
most of tFRefiRYeRFLoR(15|neh IHBLESASEO RafBEFI AT AYBRTi Af eV RAF feat

eXCha”9erc?éégéw%ofﬁiﬁg?cﬁéﬂ%@r@?sﬁuéSmé??ﬁéﬁéféfﬂytQﬁﬁb§iééeoﬁéaaber

W t hout a exchanger, the process w then al'so approach a nore

adi abat i oncoeireerk ashémlser anddépssd hrat onalioveonapghpedeere. imalsmeranpl e
may be carried out with several variants of _inter_ali k / pj,ston
assenbl i e ?eﬁ??%ti%%%?a%%eﬁJf%P%%%%ndou%l%-%E |%5r%%e§TBé§£§%§§n9F§ figure
6a, and sésgbet 88l 0 PRESinwSnshemnisnthaguaet¥ansibieddihi ehet heati ne
all oned for heat exchange with the fluid may be increased by using a
cascade oﬁx%%®%$%IPE???%%%$S¥%iB¥%%%nRitBrQHEEQE?ﬂOGFOHeQFViQEh%ngers, as

suggest e {1 g &Sedgar: 400 (dBen ThEaE LippEDsechehubsagt henkup IS that

figure 1 doubl e-acting cylinder for e pol ytropic expansion,
whil e a sadijleatiti egpaysioneflwhakobeeparhbseharnhéayusupp8y) Thand are

advant ages, and dr awbacks, i n_both.sol ution artjcularly,wih respect to
Iubricati%ﬁﬁr?rgéf?oﬂaﬁﬁBeSﬁo %ﬂgiY§gﬁbﬁ?§?ﬁ$§imb?? n%fxggnéﬁggﬂsggd in
greatgy depgbsediets, iaSihteiSal NBBHBLEELohOechfenbasi Inf eainbuesioh t he

invention. WO 2011/ 11904618PCT/ NO2011/ 000105 In special cases, in which it
i s desir aPreines havechors edbapelt QNBIRREr BRL8cLSJIERLREYVELBWEL™BLE EPency

or both Lbibs BYSSLObSihg PhOVEEE: PhibERL oAXEBRB0E EKENekBahBEohl B8l part
of the expansrion® process.” Exenplary en%odlnents are 5 showmn in the figures
6b and 7bcombbeeedpt éindhwayythadeby chavbetBearemapnihgr paktcofit be with

heat exchangers, This may noreover. al so apply to_the solution_sh in
figure 195¥RRPFHE™ pBTPFOR® of 2t A2t 9?#ﬁ8e?g§ﬁ§ﬁbe?sbanﬁofﬁ con agﬁgﬁﬁth a
heat gxchgngergabeANdyt tHE £i06F B6hbHSYEoANiEpEepplleli nThat adkaandgemy in
principle enclose nearly 100 % of the cylinder volune. Again, the T-s

di agr am i @f f tlytF eigebhat vas Bhei samgt FaRPoRSorxthe PRBFnddyAYRPLIPEsuUlt for

a process dj .Lavention. P} 9¢ess LA
approxina?€f§8%e§§§i%g%£%§l%ﬁé ?%Ig?i%%é%Cﬁng%gﬁgtgﬁt?Ein mhicheP is the
pressur e, r&siduahehgat unkatnadlneirsat ireethawavidr havectpobyt copiledi ndex of

t he process. Fur wor ki ng fl ui ds.have 82 adi abati c i”@ﬁ{g ggame (y),

her,
and this %%?YestéﬁreBYf?%Pﬁh I¢ fHli YRASHhERn SRSy IY 1oSs-

20 corresponds to the solution in traditional steam engines,
where the steam supply from the boiler is closed long before
the piston (or pistons in a multi expansion engine) has
reached full cylinder displacement. If a lot of heat is
supplied during the whole of the expansion course, one will

2s end up with a high residual pressure and a high residual
heat, which may not be utilised for performing work, hence

the loss.

The challenge and solution is to divide the expansion process
into at least two steps, whereof the first step takes place
30 with heat exchange with some sort of variant of a polytropic
or mixed, polytropic process, while the second step takes
place with little or no heat exchange. This may be solved in

many ways.



20 the process is defined as adiabatic. Further, if n =1, the process is
defined as isothermal where the tenperature is constant and the nRT termin

t he idealygas, tion PV = nRT is consequently constant-rRighN6foo1ed = O
defi nes gﬁgiso agﬁb process wherein thé®ressure is consfaﬁys Pﬁfthe sane

way, n 25 < 0 may be defined as a superbaric process, as the pressure then
must increase during the expansion. The expansion process in the | ower

cyl i nder chanber ma _thﬁn be eferal' ed_and Qe.de cribed_as a polytropic
process apprdxyYsaY ef 7P ?I%ﬁ?ﬁ@ Punt Wh? ETAtedy 105 gURB AL P ex BRENYBY occur s

bet ween Shead i 48t isvbiRdernehanbrenandet henf tHkdeyl ¥eHer enclosing
2011/ 11904619PCT/ NO2011/ 000105 two-cyl i nder design), the volune in the

first cyl¢ombigrachanbethereof eathetihi s smapnehukheAporhienpsfnthenbedhl ve in
t he heat epgin p ' p . and, t hg, ex § OF th fromthe
first cyl?ﬁ &7 %%%n%%?fé?%gtﬁgfg§ﬁg§sténgh§ ?ﬁ?%itggﬁggcggg cgﬁ?nder
chanber, #ilrBachawbbl AcetiragsaswhesetbadpizpandencoVhessaovadanyl mpder

chamber is _fully or, partl erqal ly insulated fromthe rest_of the, heat
engi e soT hte {FELFArE VRbIS niuF Hiie BSLAHBREBLOR o ERKE A aBRY | Bhon
expansi ongnhd Ny@Pk fhy eF Nl i VexpaRAQgd] TeRt 9b1itMe RnYinentkerBY, | Bhke
considered to be favourable having further heat supply in the second

cylinder @d¢mmbey,dapueasen sndfbhespprtiansoEhbader ekapanaes GUrfiAgei on as
heat eXChgggféé?%Pf%ﬂfcﬁaﬁ¥%fﬁﬁr§§elQh%h§§%Fé%g ﬁgﬁenéédtmgréagﬁ Lhme as

t he wor ki ng OWS i € secon nder cha r, a corresponding
15 anmuntadddbaed soditewcboh.oint Additish thanberfaWhsnwihhinhappens, the

total volume of the fluid increases,. and becauie t he firﬁt chanmber |s

heated, t®%liRAeToRobrPehengingqte: thf prEseneli heehi S¥CRangsF RAYI Phe

suppl i ed MﬁéPm§Yf% REg1heal, bebotgrihet | aMSeOUh Mbaet hAiRBAASS. As the
wor king area of 20 the piston in the first cylinder chanber in the

si ngl e- cy¢oudee, desi §h villerPnutebechebaat hexchanar ﬁﬁnéheﬁﬁlﬁ?éﬁsthe
cyl i nder PQPtﬁgﬁérfE'a‘ O%éﬁﬁtﬁghl ﬁgﬁéggighs%Qnasggngéggeﬁ?%KFagigrea of

the pistonTmn setond nder’c er wll be constdera ar ger
because tbenpéshed, skrRexréakhe fipu28 atponti shagé bkeanpobsrspetisesal area

in the first chanber. Thus a_net force on the,gistog.in a giriction t owar d
the firstfEPAbEEUId BRhPRT AU ARGuERBUEXPANEIBRpaFELEN B 5cBLEC 1h a

two-cyli ndee 5 9esh 08oRE 1 §beaBeat reAGLREohNEA Heht Beadshievadebyot Baesecond
cylinder having a greater displacenment 30 volume than the first.
gas phase having a lower heat transfer coefficient, which
will contribute to push the process further in an adiabatic
20 direction. In this way there may by use of one single
cylinder be created a transition in the expansion process,
where there will be a high initial heat transfer, while it

will diminish considerably over time, to then approach

adiabatic.

25 In a more preferred example, as shown in the figures 6a and
7a, or in the figures 17 and 18, the two processes may be
separated by utilising expansion between separate cylinder
chambers. In this way it is easier to limit the fluid contact
against the heat exchanger surfaces during expansion, as one

30 may choose to only have heat exchange in one cylinder
chamber, or at least not in the last cylinder chamber, the
fluid flowing in here not receiving further heat. Firstly the

fluid in the first heated cylinder chamber is expanded, and



During the expansion process fromthe first to the second cylinder chanber,
when the second cylinder chanber is not in contact with a heat exchanger

t he wor ki 2ij]]lyhg(mgndergoes a W 2011/11904620PCT/hKQO%%&gRQéﬁﬁggﬂkytropic
process, i'ch normal ly starts non-adi dJatic, and ends near-adi abatic. It

must be added that in a special case, as with the expansion in the first
chanber, the expansion in the second chanber will also be able to start

-adiabatic. _ 5 If th [ ' he first nmber i di gabat i th
it hor CHFRRATEET (1 SO oRaRBcF IR PFF o 2o b6 SoFaDd | A2 EBREAI ng

on how mugh fhddA EgadihL£Ct L4, t1and 8hS0at §L-sesr e8ioh1heahep¥ChiaNgRei N the
first cylinder chanber, it will be 10 correct to define the start_of the

expansi orthamntheef 7951 To adkiseeoraisy| theckwehahwebers Bupbl $18pic
T ¢ R T

cyl i nder Sharbercand the correct to define the
end ofs t het exgpisilon dayt nof -phaye, | foheakaibl eXichasgechvesisetl wakk pl ace

in the second expansion chapber, and then accordi ngly may be counted as
adiabatic@lq?ﬁ%?%&%%hs?QﬁP?ﬁ%Ee%%en%?oFﬂ%ﬁ'b%nﬁeﬁé€%¥Y§e§n85d588¥8r?Bed as

a processy P Pf Ak PEL el ud©l h P 1de PMOr HRYE MBaPpen¥ngt at henst aigneand
approaching n =y toward the end. In an enbodi nent 20 where there is heat
suppl y i ntite. sbeosieckxdarskanptharer firde okpresbPnthracesfpahdkdRdpr ocess

may be defjned b < y..ln on Lhal es ¢yl i pde I t | ui d
injecticwp¥%®eoﬁ fHH% ydﬁ%twg%%m§%€g%$%foﬁé?§ %%g??ggﬁg§géﬁmg?d% that is to
say that pdEytpeldien a snixed| pdeg: bepbeeekpansiond wke?8 expanded furt her

in the second chanber as the piston is on itihm$y down aaaig. én ?nother
enbodi nen‘f‘_"fWedef’F%}P%ei?‘f]‘%‘él?'Fo‘ﬁf M&§2E ohf i RURPWAFH ePT A% 2efstBR pBfigFon from
the firstoiotondde seconde 8&sidRE dr aMbaskeshl hekPhfis BBROPLBBAESI S

that if the process is not allowed to end nore or |ess adiabatic, 30 there
my be aveilbbbe solrtiespbteteestantl whehi apomeesidbiather Ed8ideifaccor di ng

to the secongd, | aw gl LACLIPAIAM.CS) n P10 L DOEHS8Y h8al0e¥Bhingdll S
must then® e T efidve by
15 but as the fluid mass is transferred toward the chamber
without a heat exchanger, the process will then also approach
a more adiabatic course, as less and less heat may be
supplied here. This example may be carried out with several
variants of inter alia cylinder/piston assemblies, with inter
20 alia both double-acting ones, as shown in figure 6a, and
single-acting ones, as shown in figure 7a. In addition the
time allowed for heat exchange with the fluid may be
increased by using a cascade of several cylinders/pistons
with and without heat exchangers, as suggested in figures 17
25 and 18. The difference between the two is that figure 17
shows a double-acting cylinder for the polytropic expansion,
while a single-acting cylinder has been chosen in figure 18.
There are advantages and drawbacks in both solutions,
particularly with respect to lubrication, friction and
30 density, but this will not be discussed in greater detail

here, as it is immaterial to the basic features of the

invention.



WO 2011/ 11904621PCT/ NO2011/ 000105 the cooling process at the final step of
the cycle. Because the recuperator can never "recirculate" 100 % of the

availablgwbgﬁi §h6heat, the residual, usabl e heat afte&c&ﬁﬁnbﬁﬁmiﬁgator
segnents nust be cool ed away, and the éifergy 5 di sappears out as |0Ss in

one or nore coolers. Still, it may be an advantage to have this

possibility, as it may then be possible to increase the heat supply to the
process over a given tinme. This my be useful .if there js a peed for extra
pover out PatSPeFial | ¢aseed Lpotntchriti i, deginak eaFoléaVﬁc 8hsed | oad on

the_engiﬂéxa$%EFt§eﬂi§ﬁefh§f§é€Eiééﬁ@i@§,eighékeéﬁficféﬁ§ agPB6th, aie al so
valid for a two-cylinder variant. In a single-cylinder enbodinment, after

fi ni shed expeossbplénte hereetdadiey| hader exnbapae, evedr ip the #ABRE anount
of 15 working fluid will_ have been yed_f ' - i.pd chanber to
t he secohﬂaﬁgl?tdégec %B%%??O%up?ﬂ?gg%bi%§Eﬁ§%3%§s%%%gﬁéggﬁggugﬁgd to the
bot t org poshéin@nif BE&e - £ Bgtites Eeadn&enb| eyhagai hot Ar bhadeyhisdpei nt t he

heat engi ne outl et val ve opens,_and the mo[kgng fluid gaé f|OM/&Et into the
cool i ng 2ohamoese B¢ +RnbYarmat FeRFAGEI WhEGt ReghdSFRBRBEGFE - al' 845 esi dual

pressure. p geTSPQé%QE SPL5 SEpPRY £8Nshst s8iudlcheaabwANenr €¢ypecator and at
| east one cooler. The piston w1l further nove upward again, and at the

same ti measstbe nperthon-afli bhat ¢yl enganscbamhey bakegpiaceonhachewithst

linder 25 chanber. the piston will tl I, th
esi dual F1BFACRAEPTRIFR Phe B8coMEe Yl RABY chavber TG the cool ing

coursg, Depengdhpgofnahliemsyzenopriheipbeusachbsthaecaodli mgocsdupserhehi s
process may_be described in different ways. In a period where the piston is
cl ose to €hbiB@epoYPoHIPositi on the vol ume change will be relatively little
inrelation to the position change of the crankshaft, and it may be said

that for ggaiﬂenthé”@-&h&isgkémamnl§9§9kenﬁtbl 1608l kAYipP1aeessLibhgBE Up
to the point when the piston has WO 2011/11904622PCT/ NO2011/ 000105 noved
far enoughheuthefmofgngwiconepedtt fon anBreResgoRGRETAANEhECSERSNd cyl i nder
chanber begins,tq change appreciably. Wien this occurs, one may no | onger

| ook uponl H%nEﬁ8Prng process as isovolunetric. Depending on the capacity
of the 5 cooling course this part of the cooling process may be

char ags er Aspdlgsropdthproakser issepprogivanpilygsdesnribedt by pheton wil |

G spLece Lhe.Lhuhdgut, (1amhe serond el bdes end balephbe, cgolingu
cooling cpyisRe LH& He&L the characteristic polytropic index of the
process. Further, working fluids have an adiabatic index,
gamma (y), and this varies for different fluids. When n =Yy
20 the process is defined as adiabatic. Further, if n = 1, the
process is defined as isothermal where the temperature is
constant and the nRT term in the ideal gas equation PV = nRT
is consequently constant. Further, n = 0 defines an isobaric
process wherein the pressure is constant. In the same way, n
2s < 0 may be defined as a superbaric process, as the pressure
then must increase during the expansion. The expansion
process in the lower cylinder chamber may then be generalised
and be described as a polytropic process approximately
following PV® where n < y, as a heat exchange occurs between

30 the first cylinder chamber and the fluid.

When the piston has reached its top position (TDC - Top Dead

Centre) (or bottom position (BDC - Bottom Dead Centre) in a



10 engine outlet valve is again closed, and the fluid, now nearly
conpletely displaced into the cooling course, nay be cooled further at

const ant wglW[®rof3ased on this the cooling process nmay QﬁTﬁﬂﬁﬁﬁﬁhﬁﬁ%sed by
I t

several conbinations of different sub-pPocesses, where e sub-processes
again may be 15 characterised as isovolunetric cooling, isobaric cooling or
conpression, isothermal conpression which is also a formof cooling, or

nore general |y non-adi abatic conpressjon. After concl uded. cogling the
wor ki ng fQWﬁTFWﬁ44d?ﬁeqﬁﬁﬁ9?%vI%g%nYP QW?nlﬁut?%eQ%B%FiﬁﬁlﬁBg?ge outlet the

i qui d ey, Sdowy 305 d NEOs @nd @nke s QR MRLENT AL Ot RIS e3PRAST ORet 3akvEoincoOl i ng
water in various vehicles, for exanple. This will act as a liquid buffer

and provittes Heat téreg inel hyyass ol Heoperedh aRdkihg ¢XDaAsh9n Pa¥l e for the
engine, which will_be partigularly i rfant | .| o engjjne
vari es a5 e %%%‘He%?l%ﬁ%t%y%g%% k%\%@?%?\gl%a?ﬂ%gg %ﬁ tgﬂg

wor ki Rg fintdl tise cowabed edyl Doddedeckabdackthis | cyandef oaoting amyat hen be
reused in a next cycle, as _in closed-loop Rankine turblneé. Ihe gresent

i nvent i orfeF SRATIXE: alRF o3REPHRr KY htPeehi gharPehi £ 58Y P§ to be

o
noted t ha;?af%ﬁ%%ﬂﬁaff%’ L£OIP] St &3 SEVGH M nEBEERI 68! tE¥Chest behglget he
ul as conpl e

wor ki ng f ed a full thernodynamc cycle. This is the case
because tdn stharD 204 1 DD 4BLSPITE NO2Cldr@Oondsrapgsne Beanyadaspearhies with

si mul t aneous cycl e 0Cess as_oppose f X a r-stro ato
engi ne. I‘—%fpaé')‘%’n%rf‘e, By xHan If%#)?‘ﬁet%g&?ﬂlg ngy‘s?ﬁ %‘ra %{%Qﬁ%gr#t g},e will

al ways bepd | ¢tbtk BxPedd etb fs@NEddeutigpes kylvingefuechhabeheat andpphyoihhe
cooling course. Likewise, fluid will be injected into the hegting course at

the same Eheresecond (il irdek| FamPeEct 3 ahteRxPaRERESF nTRhEREPr st cyl i nder
chanber. As Al Al h&) L& €, eXRADEEEn 3at UhDh PEe5Oh#hE8Ps MY BReUSAHe] NSt ead

of the described piston solution, and for this to be io able to add extra
heat to twey fdsiinduré nfitse expandtopha samei hemeonat tba Wavkingda

neat - exchang) 8% P48 Ofacd OL8L 808688 QYPEhall! EhQfbe£0"ROBERLEsBBY 4 g

15 amount will also flow out of the first chamber. When this
happens, the total volume of the fluid increases, and because
the first chamber is heated, the portion of the fluid still
present in this chamber will be supplied with even more heat
before it flows out via the bypass. As the working area of

20 the piston in the first cylinder chamber in the single-
cylinder design is defined between the radial inner wall of
the cylinder and the radial outer wall of the piston stem,
the working area of the piston in the second cylinder chamber
will be considerably larger because the piston stem takes up

25 a portion of the cross-sectional area in the first chamber.
Thus a net force on the piston in a direction toward the
first chamber is achieved throughout this expansion process.
In a two-cylinder design of the heat engine this will be

achieved by the second cylinder having a greater displacement

10 volume than the first.

During the expansion process from the first to the second
cylinder chamber, when the second cylinder chamber is not in

contact with a heat exchanger, the working fluid undergoes a



If there is a need for lubricating the engine, the working fluid may, in
one enbodi nent, be mxed with a lubricant, and 15 the transport of the

wor ki ng f\BireiWibdsst NEN al so provide for transport of t | ar ound
in the englne.%qn ot her cases |ubricant?%may be suppliedgﬁﬁhgpPPg@gﬁ? pl aces

by neans of lubricating channels, as inter alia in npst combustion engines.
rhg engi ne may al so be nade of self-lubricating 20 materials, not needing
ubricant. This is known fromyvarjous t s of heat engines urther,, in
anot her eBE%XW¥EP&CtPEP§%§%'n§§1 ?ﬂﬁ?xfﬁgrﬁt?§tﬁoP°3"ﬁaéangFCCOﬁBPete
seal i ng bghyeened P gyibades . and hhstchankabedstRgt"hok BpUsiAY, casd,t hat
a smal | anount of 25 working fluid and possibly mxed with |ubricant then

i s al | oweas twitleakhé nexpanseen pbrt FbastdFsthehenbprie. tirAi $XpRrESAPPOIBS t hat
|t has begh t akelh R &00S! JP1 14D HALERE £80LEE, FuGLaReaAbbBat chand! e

| eaks, by _s@s em being arrang counteract accunulation o
wor ki ng f1fli ¢th8Oexpanat bnusnpahésfbfst hehempeneisAadadbantiagetbe naki ng t he

engine like this is that any lubpricant mxed jnto t r ki fluid may

al so functbnhes %3?%%?%9%n¥nf6 etﬁECE?ghﬁgﬁ BT V@ﬁf 3156’ be

2011/ 11904 824557{ NO2011/ 000105 bearings and al so other conponents outside
the cylinder, alnost like in a 2-stroke internal conbustion engine. In the

t her nrodynanmi ¢ cycle and heat engine that this invention deals with, a
char act erPep¢erdtrmpesi kpvnmechsitegdehsi anJerepfpdPRENALSPr bEEsSETTPS

2 oo e Lo i popuePat By sseasescmiote osoeyshyoed o

10 correct to define the start of the expansion from the first
to the second cylinder chamber as a polytropic process
wherein n < y, as a heat exchange occurs here between the
first cylinder chamber and the fluid. It will further be
correct to define the end of the expansion by n = y, if heat

15 exchange does not take place in the second expansion chamber,
and then accordingly may be counted as adiabatic. This
expansion process may then be generalised and described as a
process approximately following PV", having n < y at the
start, and approaching n = y toward the end. In an embodiment

20 where there is heat supply in the second expansion chamber,

the whole of this expansion process may be defined by n < vy.

In one single-cylinder embodiment the fluid injection may
only be done when the piston is on its way upward, that is to
say that the injection is concluded before the fluid is

25 expanded further in the second chamber as the piston is on
its way down again. In another embodiment the fluid injection
may continue while there is expansion from the first into the
second chamber. The drawback with this embodiment is that if
the process is not allowed to end more or less adiabatic,

30 there may be available some usable residual heat and residual
pressure (according to the second law of thermodynamics)

which is not used to do work. This must then be removed by



103. Afirst polytropic expansion in a first expansion chanber, where n <y
4. A second pol ytropic expansion fromthe first to a second expansion
chanber Woghe1h or where the expansion starts with ds
near - adi abat’| ¢ f§% y) 5. Cooling34h a first aspectPe ?%e |nven?|on
rel ates nore speC|f|caIIy to a nmethod for heat exchange in and work
exchange with a working fluid in a heat engine, or a heat punp if the

net hod 20 and its, sub-processes b tiall
her mody nsar ceg EiBS BROCRSSVETKERE FiOry PEeRpBfokhbarRE)Ede BEPRHRE

t hrough t@ﬁepPééﬁtéﬁQPéﬁofeéé‘ﬁ'Hé‘vg}z’n“reéQBéhaﬂte"V@@be sPolrsthe pressure, V
is the volume and n is the polytropic index of the working fluid having the

adlabatLCaﬁéll@ﬁbﬂ g@ﬁn@uéy)heahd ther spAaidnalenysableohsrst 3fsprathPeast
one wor ki ng_nmecha |sn1 y a |
%%ePera of 5 ﬁggd%&@%hbg E#h%%da?gﬁgés%ﬁaskh@.%ﬁ%QB?hVO ume

change chal arac |se conpri sing
fol | oW ngdséeppeanssequeaseloss ap oneaoki mstrevoboiershasyelpr odesmayt o

carry out_a first 30 pol ytropic vo ume change_of the working fluid in a
first volﬁﬁeaﬁh%ﬂﬁénEﬁ%ﬁbE? ﬁﬂ%rE hS<PQ Sséﬁalltyb afnih @égoﬁh €PoPGme

change progessp1sor5aih¥rotbeatnbeasht ¥€b§Q§1£é19Q46§§BGEEBK%Qé¥/900105

one second near-adi abatic or polytropic volune change of the working fluid,
froma f|gsvenotamsecﬁhdsvm&unbechaﬁéélchﬁnﬁbﬁremhéré peedy fogr exfiere a

vol ume change, SLarLs. WELD 0 £i¥:20d SRYSnPeBE" 29habablen(Beyhe

10 increased load on the engine, but then at the sacrifice of
efficiency. These aspects are also valid for a two-cylinder

variant.

In a single-cylinder embodiment, after finished expansion in
the second cylinder chamber, nearly the whole amount of

15 working fluid will have been moved from the first cylinder
chamber to the second cylinder chamber. At this point the
piston has returned to the bottom position (BDC - Bottom Dead
Centre) again. Around this point the heat engine outlet valve
opens, and the working fluid may flow out into the cooling

20 course for removal of residual heat, and therefore also
residual pressure. The cooling course may consist of at least
one recuperator and at least one cooler. The piston will
further move upward again, and at the same time as a new,
non-adiabatic expansion may take place in the first cylinder

25 chamber, the piston will compress, or more correctly expel,
the residual fluid that is in the second cylinder chamber,
into the cooling course. Depending on the size of the volume
of the cooling course, this process may be described in
different ways. In a period where the piston is close to the

30 bottom position the volume change will be relatively little
in relation to the position change of the crankshaft, and it
may be said that for a given time there is an isovolumetric

cooling process, right up to the point when the piston has



5 The nmethod may conprise the follow ng steps in sequence: in a first
process,

in a secqpgRPGsse: tO exchange heat with the working Eh?hﬁpohﬂhﬂu@ third

process,
above;

process according to step b) above and

to carry out an adiabatic vol unme change of the working fl uid;

to carry out the first volunezehange process according to st
in a fourth process, to carry out the second vol une change
ina fifth process, to

exchange heat m%th t he rk| % d wher e tge heat f% w direction is
the opposT?¥efE#heShRu? f?%ﬁ/ﬂ r%%? ﬂt?ﬂmtﬂgsé £8RdBfo gngO K&néthod
My conprige é@@oﬁc@lépmmeﬁt@mmb@rssgiﬁﬁsetoi Bhan§kl shpPeeEaBSy .t 0 carry

out an adi abatic conpression of the

ing fluid; 20in a second process,

p a)

to suppl yWiremtths t BeCWes ki @ge fhay gno longer nlaokhppanpeBeeseoliBdcarry out

the first
vol une cH%nge process conprises expa

h
YoLuIE &Qa{‘Qc?vBi&ﬁEé?léCCB ngéfgglﬁ§53ﬁeehgou??ﬁ¥g}:g“@frEhte e

In a

cess, to carry

out the se@@hﬁngoédﬂrsehahgs pantesﬁ aheocdohgngopsbepsb)mayobe where the

vol ure change processtes) COBLLSE(?) P PalEhoN. ANf:L8.8;Lh! thopeRgess.

cool

t he

10

15

20

25

30

piston will displace the fluid out from the second cylinder
and into the cooling course. When all the fluid is displaced
out of the cylinder and into the cooling course, the heat
engine outlet valve is again closed, and the fluid, now
nearly completely displaced into the cooling course, may be
cooled further at constant volume. Based on this the cooling
process may be characterised by several combinations of
different sub-processes, where the sub-processes again may be
characterised as isovolumetric cooling, isobaric cooling or
compression, iéothermal compression which is also a form of

cooling, or more generally non-adiabatic compression.

After concluded cooling the working fluid will be back in
ligquid form. At the cooling course outlet the liquid may flow
into a tank, equivalent to an expansion tank for cooling
water in various vehicles, for example. This will act as a
liquid buffer and provides for there always to be enough
working fluid available for the engine, which will be
particularly important if the load on the engine varies and

the needed flow rate of working fluid varies.

When the working fluid is completely cooled and back in
liquid form, it may then be reused in a next cycle, as in
closed-loop Rankine turbines. The present invention also

comprises a closed working-fluid circuit.

It is to be noted that the engine may complete several
mechanical cycles before the working fluid has completed a

full thermodynamic cycle. This is the case because this

to



The nethod may nore specifically conprise the follow ng steps 30 in
sequence: the first process involves punping the working fluid from

| ow t o hi e by neans of an injection unit;
2011/1196&?52&%@?%%2011/000105 t hé3second proces![?ﬁge(yggﬂgggglying
heat to the working fluid in a heating course placed externally to the

vol ume change chanbers; the third process involves injecting and expandi ng
the 5 worki n fl%i(ji n the first yq&une gpan e chanber and sinultaneously
suppl yi GRS (LA (IR TR T DL | THEY L CPRERES Cxren ot P Ao The: ARl
contact widhddie dd redr atamp € hangsuchawbsie dteo fongihe presess at | east

i nvol ves expanding the io working fluid further fromthe first to the
second vexanpkhariye efpameion iR ather ki vt 1l indgpaskambpy, therehe fifth

AT 3 . Y- | .
process |0l VeRy SO0 IBd e 1l VORI 4 | i dln | £ (80LL NGy FOHASE BhhfBERd

external I'y expansion chambers. 1 process may nore

SEeCI fsi Ca&tjﬂd/ j}ﬂwlﬁkﬁa exgalicha gcdlnesewrkikewise dfIwidheiliroen ihge¢tedt to
t he second vol yne change chanber via a working:fluid pass. The.fourth

bt ocess MBEQUHE SRt T1% ST ThAT eie | FRE (Fi1t ‘38 pLBEdpLRCP R S he

wor ki ng f444shda thet dEpmabe fhretetoi29: t g1 5REOAINALLER. change chamber
via a working-fluid bypass, and, in a second step, expanding the working
fluid further fromthe second vol une change chanber to a third vol une
change cHrRt adterpatekonEwrrder-2 | tdoypagelution may be used

instead of the described piston solution, and for this to be
10 able to add extra heat to the fluid during the expansion a
turbine solution having a heat-exchanging stator, rotor

and/or other internal components may be formed.

If there is a need for lubricating the engine, the working
fluid may, in one embodiment, be mixed with a lubricant, and

15 the transport of the working fluid will then also provide for
transport of the lubricant around in the engine. In other
cases lubricant may be supplied in different places by means
of lubricating channels, as inter alia in most combustion
engines. The engine may also be made of self-lubricating

20 materials, not needing lubricant. This is known from various

types of heat engines.

Further, in another embodiment the case may be that there is
not a need for complete sealing between the cylinder and the
crank housing/motor housing, and that a small amount of

25 working fluid and possibly mixed with lubricant then is
allowed to leak into other portions of the engine. This
presupposes that it has been taken into consideration that
the engine must be able to handle leaks, by a system being
arranged that will counteract accumulation of working fluid

30 in various parts of the engine. An advantage of making the
engine like this is that any lubricant mixed into the working

fluid may also function as a lubricant for the crankshaft



The fourth process may further involve supplying further heat 25 to the
whol e or parts of the working fluid fromat | east a heat exchanger in

thermal oQphefiiivissh the first volume change chamber. TheriNosoitvopioscess
may further involve supplying further Héat to the whol e or parts of the

working fluid fromat |east one 30 heat exchanger in thermal contact with
t he second vol une change chanber. WD 2011/11904627PCT/ NO2011/ 000105 The

wor ki ng fluid may alternate hetween the liquid form and form In
the 1 hi r PHIGEEEL, Sheh T3 I T | T EP TGP T 1 PP 195 bt rof RETe5 0 f or m
as it is d1mesd edi k1t oh the fdd:158key of nth@rta L hadieu shbohesngina. sufficiently

hi gh pressure, so that the liquid formis maintained during the injection
operation. The working fluid may be in_the liquid formin the first

process; it thR THFIIAYRATAF (P He® RO oToILe chpt tBtS or partly
supercri tjh&?’énﬂ{bﬁ N SES AN 10! OL ESPar SOFPELEEl Y OdmpOsPRIShYoEN the gaseous

formin the third process; substantially under vaporisation in the third
process; smpsinialinderiedytmmivapordesseoni s roreei dedr t Bhoreress; andd

subt ant oL St CSDOSnBLlon, | o e A LAL. I S8R and aoREOD] £1P
the following manner:
1. Adiabatic compression
2. Heat supply
10 3. A first polytropic expansion in a first expansion
chamber, where n < vy
4. A second polytropic expansion from the first to a
second expansion chamber where n < y, or where the
expansion starts with n < y and ends near-adiabatic
15 (n = vy)
5. Cooling

In a first aspect, the invention relates more specifically to
a method for heat exchange in and work exchange with a
working fluid in a heat engine, or a heat pump if the method
20 and its sub-processes are substantially reversed, wherein a
thermodynamic cycle for the working fluid is approximately
described through the polytropic relation PV" = constant,
where P is the pressure, V is the volume and n is the
polytropic index of the working fluid having the adiabatic
25 index gamma (y), and wherein the engine consists of at least
one working mechanism provided with a first and at least a
second volume change chamber, characterised by the method at
least comprising the following steps in sequence:
a) in a first volume change process, to carry out a first
30 polytropic volume change of the working fluid in a first
volume change chamber, where n < vy, and

b) in a second volume change process, to carry out at least



15 to a heat engine arrangenent, or a heat punp arrangenent if the
arrangenent and its sub-conponents are substantially arranged for reversed

function i t |l east one working mechani sm provid i kSt
Swo%i’l/ﬁgoﬁtg p ggTﬁ]daz n{)ﬁoof)io%

vol une change ¢ er and at |east a secdbnd vol ume chan er wth
appurtenant 20 displ acenent nechani sn(s), wherein at | east one heat
exchanger is in thermal contact with and encloses or is enclosed by the at

| east first vol une_change chapber, the vol une chan chanbers bei.n
connect ed°*f EﬁEEEQSPSﬁgfﬁgéaggﬁFﬁ-85nﬁﬁﬁ¥g5PPﬁ§ X&gﬁg? gﬁ?&ﬁﬁhogtngast
one wor ki pgrkidgde2Rilypasem hheitktstoval sarcaBaNGR URBaGhahgkavi Ng a

working-fluid inlet and the |ast vol unme change chanber having a .,
wor ki ng- f thawbens | herenhir acver PEedhByet ReVRSHRENGPAPGEd SEAEE, Wikd D

morking-fluidaRHtgg&saﬂ?g%hgggggéggét( ng wp(king-fluid bypass bei ng

provi ded wi th*Val ves synchronised in order to maintain a
sequential working-fluid flow in succession fromthe first volume change
chanber amdethebbgl nhg abmbrase tbeohdlioWane shapge ithasheencehe WO

2011/ 11904628PCT/ 011/000105 working_ fluid being_gargi S ially

t hrough the voltnd ﬁﬁﬁgepﬁﬁﬁﬁﬁﬁrs ?ng3r5¥r83 i on 8§I?F8§gfr§§$§ﬁ%
morking-fbggﬂggnbgtth@ vBexwagkiEngifl ui d outlet. The vol une change
chanbers may successively exhibit 5 increasing or decreasing vol upes. The
vol ume change tRafbefSOREyPEECEFPanfRdISKENARIE BeptinWitbnths 8?ﬁ§ﬁ§90n
chambers. Jhegwor ki ng-fluid bypass may be closable by neans of at |east one
bypass vaFve. 10 A fluid passage between the vol unme change chanbers and
respecd i ve bypiassaendipdrproagssaaytbecariyt aithethenfakktofvolhmewshringg
positions_of the disElgcenegt %Echanks s% during the displacenent of the
wor ki ng fPHPEeBEt REERTEHBOY 6PufE®Phihg8 CKShbers. 15 The vol ume change

chanmbers nay togeshesubehapiangsd,t eobeasbyeotar kfieogbcandooiemehange
process of a working fluid, so that the morkin%Pquid may be di spl aced
near|y cofppBge| PreFEeRst RECPFAIRTt 50t FECBePIndPPYRINE Ehange chanber and so

further in thaintgefgkﬁﬁlﬁggggﬁg,nfghéghﬁgkéé fbathg@ivel vae %Brkhagge
chanbers are nechanically synchroni sed.
15 fluid, where the heat flow direction is the opposite of the

heat flow direction in the second process.

The method may comprise the following steps in sequence:
in a first process, to carry out an adiabatic
compression of the working fluid;
20 in a second process, to supply heat to the working
fluid;
in a third procesé, to carry out the first volume change
process according to step a) above, where the volume change
process comprises expansion;
25 in a fourth process, to carry out the second volume
change process according to step b) above, where the volume
change process(es) comprise(s) expansion; and

in a fifth process, to cool the working fluid.

The method may more specifically comprise the following steps
30 in sequence:
the first process involves pumping the working fluid

from low to high pressure by means of an injection unit;



The nmechani cal synchronisation may in an operating condition maintain
di spl acenent between the different vol une change chanbers havi ng

sequentiqkb&oﬂgggﬁkte signs, so that the volune of a fi@?&m&ﬁgﬂmﬁoﬁﬁange
amber

chanber w I ncrease when 25 the vol urd® of a second ch ecreases and
vice versa. In what follows is described an exanple of a preferred

enbodi nent illustrated in the acconpanyi ng drawi ngs, wherein: WO

2011/ 11904629PCT/ NO2011/ 000105 Fi gure_2 shows P-V gia ran1iklustrating
the differenceti® %%??n@dﬂéo?ﬁs§eFBXP%HeﬁoFVPPgﬁFﬁgp 8883583F Bi gure 3a

shows a Py diagr atnsQovhng BBaeXhheBBuYaki phhcell theethanngdysarhe cycle
as described in"the 5invention, whére the first expansi on process

subst ant i mplyme akkangé achainbebdri cal | y; Figure 3b shows a P-V di agram of

the thernodynam ¢ cycle as described-in_ the.i i . ansi on
processes takeg%?aE%lﬁgr%r%f%éé gvglg?gcfﬁagﬁgigéngggi%gﬁéﬁgggghgﬁgngine,
but wher ewbbrifgr sluedpansthe piesessoiumet gnthgkl yhhabes phdce

i sobarically;_ Figure 3c shows a P-V di agram of _the thernodynam c _cycle as
descri bedSiRul halPAYERY | SHPPHKARE PREte Baﬁlé‘faoﬁ&‘ud BEOR Y"1 TaE %

heat exchanger in thermal contact with the first volume
change chamber;
the fourth process at least involves expanding the
10 working fluid further from the first to the second volume
change chamber via a working-fluid bypass; and
the fifth process involves cooling the working fluid in
a cooling course arranged externally to the expansion

chambers.

15 The fourth process may more specifically involve expanding
the working fluid further from the first to the second volume

change chamber via a working-fluid bypass.

The fourth process may more specifically involve, in a first
step, expanding the working fluid further from the first to

20 the second volume change chamber via a working-fluid bypass,
and, in a second step, expanding the working fluid further
from the second volume change chamber to a third volume

change chamber via a second working-fluid bypass.

The fourth process may further involve supplying further heat
2s to the whole or parts of the working fluid from at least a
heat exchanger in thermal contact with the first volume

change chamber.

The fourth process may further involve supplying further heat
to the whole or parts of the working fluid from at least one
30 heat exchanger in thermal contact with the second volume

change chamber.



15processes in yet another practical enbodiment of the engine is
illustrated; Figure 4a shows a P-V diagramillustrating the heat flow in an

extrene exgnhl$i19f4t he thermodynam c cycle as describedy i tion,
where the ?irst 20expansi on process sulfstantially takespg?gggﬁyggggﬁicalIy;

Figure 4b shows a P-V diagramillustrating the heat flowin a nore
practical enbodi nent of the thernodynam c cycle as described in the

i nvention, but ere e, 25first_expansio rocess, substantially takes
place_isd%%?i%%f §99F%gﬁ+ W%Ysﬂ%ﬁ%gﬁaﬁgvgaggﬁ?ﬁngPFIg%@?é@iﬁ@ h&"Reat
flow in 3é5ééo@gof@§ﬁ.practical enbodi ment of the thernodynam c cycle as
described in the invention; W) 2011/11904630PCT/ NO2011/ 000105 Figure 5

shows the prior art, nanely a basic assenblé of a Stirling engine; Figure
6a shows R bEke cthiedpprrgeesbothfenerbinghtlwbikPay #BihaAldm PEhdn

EXpander)tﬂg if&ui&vfg£$9naga¥£ngsainjected into the first volume

s change chamber at a sufficiently high pressure, so that the

liquid form is maintained during the injection operation.

The working fluid may be in the liquid form in the first
process; in the liquid form in the second process; completely
or partly supercritical in the second process; completely or
10 partly in the gaseous form in the third process;
substantially under vaporisation in the third process;
possibly under further vaporisation in the fourth process;

and substantially under condensation in the fifth process.

In a second aspect, the invention relates more specifically

15 to a heat engine arrangement, or a heat pump arrangement if
the arrangement and its sub-components are substantially
arranged for reversed functions, having at least one working
mechanism provided with a first volume change chamber and at
least a second volume change chamber with appurtenant

20 displacement mechanism(s), wherein at least one heat
exchanger is in thermal contact with and encloses or is
enclosed by the at least first volume change chamber, the
volume change chambers being connected in succession in a
fluid-communicating manner through at least one working-fluid

25 bypass, the first volume change chamber having a working-
fluid inlet and the last volume change chamber having a
working-fluid outlet, characterised by the working-fluid
inlet, the working-fluid outlet and the at least one working-
fluid bypass being provided with valves which are

30 synchronised in order to maintain a sequential working-fluid
flow in succession from the first volume change chamber and

through the at least second volume change chamber, the



Sdoubl e-acting cylinder and a heat exchanger in thermal contact with a
first expansion chanmber; Figure 6b shows a basic exenplary enbodi nent of

t he wor kiwe 208¢hanksm of the invention having a doubl e- pggiNng¥11%biogder and
a heat exchanger in thermal contact io“With the first expansion chanber,

and a heat exchanger in thermal contact with the second expansion chanber;
Figure 7a shows a basic exenpl ary enbodi nent of the working nechani sm of

the invention.in e.faormof a_ two- .15cylinder ri Vi

exchanger“?h %%%r%ngégg?%%? ﬁ?fﬁl?ﬂe8?¥?§ é?%g s#ggggﬁgn%gg;ggggﬁ%e 7b
shows a baghtgexehdhiasys efhodi depecoiohhefwelbwngromchasi sorkingh€luid
invention in the formof a two-cylinder_variant having a heat exchanger in
20 t her neinteht Bt thet Worhdngr fividxpdahiebn chanber, and a heat exchanger
in thermal contact with the second expansi on chanber; Figure 8 shows an

exenpl ar yrgpabedi tRot cRAngbecHssBEFRedadesticengngeagCcekdipngtct o the
invention, where only 25a single heat reservoir is used; Figure 9 shows an
exenpharylenb©d$n@9tObfdeﬁéedés@giE@HUMGQE engi ne according to the

i nvention, where two heat reservoirs at different tenperatures are used;

VO 2011/l%gg4§§fg§g7g£§9&é/QQQ&Qérs may be arranged to have a function

as expansion chambers.

The working-fluid bypass may be closable by means of at least

one bypass valve.

10 A fluid passage between the volume change chambers and
respective bypass end portions may be maintained in all of
the working positions of the displacement mechanism(s) during
the displacement of the working fluid between the volume

change chambers.

15 The volume change chambers may together be arranged to be
able carry out a volume change process of a working fluid, so
that the working fluid may be displaced nearly completely
from the first to the second volume change chamber and so
further in that the displacement mechanism(s) of the volume

20 change chambers are mechanically synchronised.

The mechanical synchronisation may in an operating condition
maintain displacement between the different volume change
chambers having sequentially opposite signs, so that the
volume of a first volume change chamber will increase when

25 the volume of a second chamber decreases and vice versa.

In what follows is described an example of a preferred

embodiment illustrated in the accompanying drawings, wherein:

Figure 1 shows a P-V diagram illustrating the difference in

work done in different polytropic processes;



Fi gure 10 shows the working nechani smof the heat engine wthout a
crank/ notor housing; Figure 11 shows in perspective a representation of the

heat engiwgzmlt”ﬁgdg%oa crank/ motor housing; 5 Figure 12 5’?3%1%@11%09&’5’” ew of
S

the engine at tl ttom position of t He pi ston; Figure ows a side
view of the engine at expansion in the first (lower) cylinder chanber and
al so expulsion in the second (upper) cylinder chanmber; 10 Figure 14 shows a

side view of the engihe at the t oSit] of the piston,.FiLgure 15.shows
2 1 de vIBHEWTS he CHETIR b CkEMRT UM ot BT RFHEERE U T bR ChESTBubE ¢ o
the upper cylinder chaRbedondSiki Sl EcdER SEHDYErEpilc SpLbegsass ;
(tenperature-entropy-di agram according to prior art, nanely for the

i deal i sed ORC cycle; Figure 16b shows a T-s diagramfor the thernodypamc
cycl e as Bt@erebd ishevwRe 3 rRentdbgran $hoyied 130 spheene puartaikeRtpl ary

enbodi ment of the i NG, cﬁkg}gﬁérﬁlc?fc% o QVeRL L ORi HBAVIAdtRe
doubl e-acting cylinder and a t exchanger 1n thermal contact wth the
first sexpansi on chanberentainch al goere helae  £kchanerepansiohepratessnt act with

enmansson'chartin T SURIRGE R R D eePORRRRLEYY "5
Figure 3b shows a P-V diagram of the thermodynamic cycle as
described in the invention, where the expansion
processes take place more close to a practical
10 embodiment of the engine, but where the first
expansion process substantially takes place

isobarically;

Figure 3c shows a P-V diagram of the thermodynamic cycle as
described in the invention, where the expansion
15 processes in yet another practical embodiment of

the engine is illustrated;

Figure 4a shows a P-V diagram illustrating the heat flow in
an extreme example of the thermodynamic cycle as
described in the invention, where the first

20 expansion process substantially takes place

isobarically;

Figure 4b shows a P-V diagram illustrating the heat flow in
a more practical embodiment of the thermodynamic
cycle as described in the invention, but where the
25 first expansion process substantially takes place

isobarically;

Figure 4c shows a P-V diagram illustrating the heat flow in
still another practical embodiment of the

thermodynamic cycle as described in the invention;



WO 2011/ 11904632PCT/ NO2011/ 000105 Figure 18 shows a basic exenplary
enbodi nent of the working nechani smof the invention |ike the exanple in

figure 1%50BH114158k€ad having two single-acting cylinde | r ctive
expansi on Chanber s 5shavi ng i nternal hea® exchangers whi %ﬁTWrgzthblr/(ﬁ§§r§e

connected to a third expansion chanber in a further single-acting,

near - adi abatic cylinder; and Figure 19 shows a very sinple basic exenplary
enbodi nent , of 10t he rki ng nechani sm of the jnvention, wher nly_one

si ngl e- ack Y LY? i ndEIOWR t %uPE&ﬁ%nTEEaﬁ?a%$L¥oﬁna%?fﬁeﬁs?ﬁﬁbgﬁréFn@
chambers in one and ghe-sam® &ydimder volune, and where, in a preferred
enbodi nent, at | east one heat exchanger encl oses 15only the first working
chanmber. In the introductory description of the thernodynamic cycle as it
i s shown Figehe 2 gurhews -2 bagic exemelaryueebadibmnenef @f chike verkdne to

el ements in a heat gp%}g%ugéymlz theé SHOMRadE) LHE f,ﬁtgu{ﬁw?eﬁt%én hheiggUaNe

el enents being iden reference nunerals shown 1 n one or nore of
the figures 6-15. 1T&Dubﬁﬁ{amb¢ngﬁcyb@mderiandeaché@Edexhh@ughrthe
t her nodynam ¢ procegags. Adi ab tlc.ggngr933|on 2. Heat sugg%ger;

ermal contact wi irst exXpansion C

Figure 6b shows a basic exemplary embodiment of the working
mechanism of the invention having a double- acting
cylinder and a heat exchanger in thermal contact

10 with the first expansion chamber, and a heat
exchanger in thermal contact with the second

expansion chamber;

Figure 7a shows a basic exemplary embodiment of the working
mechanism of the invention in the form of a two-
15 cylinder variant having a heat exchanger in

thermal contact with the first expansion chamber;

Figure 7b shows a basic exemplary embodiment of the working
mechanism of the invention in the form of a two-
cylinder variant having a heat exchanger in

20 thermal contact with the first expansion chamber,
and a heat exchanger in thermal contact with the

second expansion chamber;

Figure 8 shows an exemplary embodiment of the described
heat engine according to the invention, where only

25 a single heat reservoir is used;

Figure 9 shows an exemplary embodiment of the described
heat engine according to the invention, where two
heat reservoirs at different temperatures are

used;



253. A first polytropic expansion in a first expansion chanber, wherein n <
y 4. A second polytropic expansion fromthe first to a second expansi on

chanber r , or where the expansion starts with ds
near - adi \é@gtziﬁlcﬁégo(‘%y) 5. Cooling WO 26#1/11904633PCT/ NS%?’{%S%Z‘%S@QH gure

| shows a generalised pol ytropic expansi on process between two vol unes VA

and VB, where the work and the difference in work between the various pure

processes_(adi abatic, isother i sobari.c et cetgrrgéei s shown as W, 5 W2,
n

|,
W8 et cet®BrTETE nl QddFRIEh § %WQi"&e%aﬁl%r&c% i 283 oI S

reference, illustratgdidud e veidik adtdt NoudBig; i S assuned a
t hernodynam ¢ systemwith a starting condition indicated by a cross 0, and

the further expansion course is shown by the various pol ytropic processes.
It is sedilgwerm 1D tFhows adt REAIRACHBIk AoFRPIAFFRIS2 PR ok rEBE yPeRYbendi ng

on what sort of pr O%‘Létvﬂlq}i&& Lot S0 NS REQSEsS; W I 1 give

consi derably greate an an adi abatl'c process. An isobaric process
wi Il further give a still higher work and so on. The diagram gives a good
Vi suals cofjsureoh? ofshark alosiedel 5viry velerthédeenaineuat prlee eegesomFi gure 2

shows work done for a vari abl ol ytropic process starting isothermally
and endi ng near - adi AT efe %\e t%&g’s%poll}wenti on. It can be seen that the

di fference, W2, between the m xed and the adi abatic process represents a
consi der ablgu?d imcretases i sodk.vilhe @f adié cahgimsuat efpahssonsithat by

addi ng sonme extra heat during fhe expansjon.process, but not.enough for it
to be purely isot herthg  EX4RF eéjfcé’&?r I‘ﬁ%ifg'l‘f;#)lfo%?‘ﬁb?’ﬁea% c*t5%my be
increased at the sang.ol 44Bh CiaNdee second (upper) cylinder chamber;

10 Figure 14 shows a side view of the engine at the top

position of the piston;

Figure 15 shows a side view of the engine at expansion of
working fluid from the lower to the upper cylinder

chamber.

15 Figure 16a shows a T-s diagram (temperature-entropy-diagram)
according to prior art, namely for the idealised

ORC cycle;

Figure 16b shows a T-s diagram for the thermodynamic cycle as

described in the invention;

20 Figure 17 shows a basic exemplary embodiment of the working
mechanism of the invention, having a double-acting
cylinder and a heat exchanger in thermal contact
with the first expansion chamber, and also a heat
exchanger in thermal contact with the second

25 expansion chamber, which in turn is connected to a
third expansion chamber in a second, single-

acting, near-adiabatic cylinder;



Figures 3a-3c show P-V diagrans illustrating the various 25 steps in
several variants of the thernodynam c cycle as described in the invention.

Step | reRpSsEMiSessNe adi abatic conpression of a workinge }Nﬂzgllﬁﬁﬁfogrmd by
an injection unit 2. This process wi |l 32aise the working-flui'd pressure up

to a particular level. Step 2 constitutes further heat supply from 30 at
| east one recuperator 32, 35 and at | east one heater 33, respectively, in

3
the system This process nmay be inplenented as ispbaric,_but it al so
cont ri butB* 9§ n]céjef(si??i’bg tanﬁoa%s %‘ﬁ?ﬁ w&%ﬁé&%ﬁ? 0%%’10"50%}?%% ure
depending on the desidhs0ldH iON GROSERvertl & ek ol gtd@pis Bxpansi on

according to PVn = constant where n <y takes place, nmeaning that heat is
bei ng added t hrough fiigurspehsioi: Metead havipg ratecsingiacdtiifes 3a

and 3b by n 5 =0, that. i ggg;-' i S Lgure 3c it
is shown as pol ytr op‘f c.ll}éne]%sfevg% gr vari a ’f‘g@g%’fé?‘?%%?‘g %(?)Aawnes%éon t akes

pl ace,s starting w t lhawvagyainteridie hpayiaushatgys whiemdimgturn are
near - adi abatic, where n .', v. Steps 3 and 4 wiJ]l in any case be in
accordance with the ‘F?Wéerﬁ‘ﬁ% R 3 ttsl?’or%rﬁ%p?%%ni‘%fﬂ%%]ﬁsjrrﬂie? ation the
order of size of thespalyds Wigiddesidy, akhPoididsaexactyDimder; I n an
enbodi nent where also heat is supplied in the second expansi on chanber, the

process will finallyshtisfy n <y, and the curves will then deviate
sonmewhat fromthe 15 illustrations. In step 5 a pressure drop takes place

in that a@iﬁg}éq9vail¥&é3al PRANS, he, or ki agnd] g bsnselhasedornto a

! d
cooling co e 4, "where 1n a given tine 1t undergoes cooling at relatively
constant vol une. |n Heprdrkimpmedssion ¢ohathe sinvesiomn eikgoe séohywi t h

cooling takes 20 place, a process that for exanple may be between
i sot hermal and i sobdtiT,® I%Tﬁ)%'nlrf%r%yl(;)smﬁ P‘}-?Jr"??)t rPYT Y PR rat ed by

the pressure increashg:&onEhBie sl Wid GvSODEE SShaibe B8 dih hénd- dhdi elgeam
approaching an isotherm In step 7 the outlet valve 131 is closed and the

cool i ng continues uriste cankirdrr 20 MleneaRg eres B whoPESERET D0l i ng
steps may |0 a 0 Ve gase: fl SO IR AS A | RODAILERALRIALE8SS,

provi ded the cooling course 4 has a certain capacity an e processes take
pl aceisqui ckl y. The ocmuly ncheriiests Wourloossschamibewe) in the cycle is
t hereby represented by the steps 5, 6 and 7 in 30 the P-V diagram 1In

addition |t be_noted that .at a. rkin-f%id'nle 170, .al so | Led a
nozzl e, alRhok my*pfIFREEOTY) @%s%]é}};)ﬂgﬂo% ?Er #?I Ffﬁ?yrrﬁ(trj% egg}gné cgg égsumed
to take pl@cgs dhb®n in the figures 1-4, and in the figure 16b,

reference is made to elements in a heat engine as it is shown

in the figures 6-15, the engine elements being identified by

20 reference numerals shown in one or more of the figures 6-15.

The thermodynamic cycle is described through the
thermodynamic processes:
1. Adiabatic compression
2. Heat supply
25 3. A first polytropic expansion in a first expansion
chamber, wherein n < vy
4. A second polytropic expansion from the first to a
second expansion chamber where n < y, or where the
expansion starts with n < y and ends near-adiabatic
30 (n ~ v)
5. Cooling



WO 2011/ 11904635PCT/ NO2011/ 000105 process will then take place between the
processes 2 and 3 in the cycle. This alternative process is not specified

in the cywebSoPG6AYSe it 1s not inportant for the descr%E%hRﬁoﬂﬁoﬁﬂﬁ cycle
as it does not have particular influence on the 5 preceding or t%e

succeedi ng processes. In a hypothetical case where the internal pressure in
the heating process 2 is high relative to the given working pressure of the
engi ne, the throttling process mﬁLI ge ihlustrated bé a.sharg dro% in the
pressure PePWeBnlt FROYE ePsISNGHAL35edsPOABWACPACT REPEPEIPENPIPESPR a case

where thepipi86hi PRoPLESSHES vﬁ_m %, 08mdre i Glasemnwrddeng pressure of
the first expansion process, this pressure drop will not be so nmarked, as

shown in dhEférgueesigbwarll Betwand thesvpaieusf PHRE BFRGPERFRI |11 then be
evel led OLGiLEE; LN 108chELIS|! aELORS Y1 45 E! BUEESL32; kO ARuRNAY dyf T er ent
WEh't tat “8Xch g

f
P-V di agr (i3 he“vari ous angrng processes taking place in the

cycl e andwthewdleser cbedrhealneaddheiofy hsovepumsentis heat bachgngepplsi ed

fromone or nore recu erators_ii, 35 agﬁ/gr ope or nore s#bsequ nt heater
segment s 3BOVPr 88t orPRCEne il BFEFatefnEY 2B Fe¥PESERRS (HE heHFTSUPSI i ed

in the figpskuhed- 2diRBALLAynaNLer ngﬂéﬁ! %ipal ¥t EeRAKE i A¥PRBHAGR iPHOCESS
(process 3 in the cycle), wherein heat is transferred to the working fluid
in a firsindytanddrbghanbeesss0.f aoth the RuathexchRERgEF1ER §OMEREr 16y i nder

102 (alterpatively . fromth e age first .cylind 00a for
a tmo-cyl?ﬁag? §%rFéﬁtY?£t§Tgfﬁ%gﬁggggggrégg%ﬁgsggé E%a?ssﬁgﬁﬂi§3°#h t he
secongb nobhaddabatam, thhtewoaki dehy variabl eopslideraepily, debeediag vel vy

pol ytropi c. expansi on_process (process 4 in the c%cle) wherein stil.l nore

heat is sWBRFi 88TFoCf hBTREPRPNG ST RGFAVewhPRhiRRERRETYePTS6SF5s¥dd lout of

the fi rstgwgiegﬁgiaaeaﬁ@?_ 4pQatakt goRRt tushy anhanehBatye! hebcagat. may be
supplied i'n the second cylinder chanber 151 as the fluid flows in and is

expanded fapbheichprecegsuviililsfushheregdvedai gtihé baghengveslhr 88d4sonD

2011/ 11904636RCT/ 011/000105 i i;at el f t | et v 1 has
opened (p?BCe§§g5§§%gfﬁ@ %gggg,aggggdS%?RX?;eggﬁgé?gﬁgg 8%u¥§%%5 Oé%t
renovesd duetwgehhehexpaksban/ pespeesason step, (process 5 in the cycle,
step 6 in the diagram) and Qout3 is renoval of the last 5 residual heat in

the cooling course 4 after th out |_et valve.lgi has Ee%n cl.osed, and nearly
all the rEREPRENG FBPEPNYCFKufgRadOBe8n VBTARRAaCedPRIY ThEPE S BFEEESS 5 in

the cycl egtgtePnd iBotherflhddyakhd ending near-adiabatic, like in this
invention. It can be seen that the difference, W2, between
the mixed and the adiabatic process represents a considerable
20 increase in work. The practical result of this is that by
adding some extra heat during the expansion process, but not
enough for it to be purely isothermal, the effect through-

flow in the cycle may be increased at the same volume change.

Figures 3a-3c show P-V diagrams illustrating the various

25 steps in several variants of the thermodynamic cycle as
described in the invention. Step 1 represents the adiabatic
compression of a working fluid performed by an injection unit
2. This process will raise the working-fluid pressure up to a
particular level. Step 2 constitutes further heat supply from

30 at least one recuperator 32, 35 and at least one heater 33,
respectively, in the system. This process may be implemented

as isobaric, but it may also contribute to increasing the



The heat engi ne consists of a main nmechani smworking 10 nmechanism 1, al so
cal l ed an expander, with appurtenant external conponents and systens as an

i njecti or\vg%{l/ﬁ%“ﬁl so called a punp/conpressor, a heat iP?g/I\RﬁH{]?(EOI%’S a

cool i ng course liquid tank 5, a ci**ul ation punp 6 for cooling fluid,
a cold reservoir 7, a first and a second circulation 15 punp 8, 10 for
heating fluid, a first and a second heat reservoir 9, 11 and a first
non-return valve 12 preventing reversing of the.fluid flowin t

€ th
i nj ecti orPXRFTUZS EeRRRAIRT PHWERGNIeFbITI FRNEELP t FRCERTr n nhﬁg?ﬁggoﬁly

one heat gEPEEVOb]c FexyhSs£bA ActbLaMRgf LY By ddiai e thaiid qul ated from
the reservoiT 9 both to heat exchanger channels 162 in the | ower cyli nder

102, al t eradses velyce hroegiing helbat ekeatingerbosngi addad sbrenahekBansi on
chanmber 151 is_al so 1.0. hay ' ternafLv 05t hr g4ohabheat
exchangereﬁgﬁp?}P?hé$$}?s gc?f?%%%?aigéa§éogﬂg ?%%ggé?i%%eéﬂg5gsaP ant, and
on thrsough @, helsderisegoesiy 33 heathbsbeatiogprooesse. 3Ihef dbgeret 3csit

returned to the reservojr 9 for reheating. Figure 9. sho second vari ant
of the entf nEhPHR| 73 BOHOTECRXE entP Ve ARat %ugﬁF§ag}§tB%$Y€ﬁ8PéFn two heat

reservoi rsyanddofr €anssdpi fst eage 9F+ PRS, waPd Mhegehn tBetBO prestiolisat
reservoir Is of a lowgrade character and the second heat reservoir 11 is

of a hi ghstemdebuhaending neathedsabseichavhere hi ghygrabePFedentdif 11
supplies hept Al &, V0,201, LIROJRIIPGIL NP1, 0PRI0PGaNs! dR' abl ychi gher

t enper at uf e OW gf ad€ r'esServoi r e maln nmechanrsm 1 together
wi th the émjgctilss uthto2cohdbdeeatiog tharseddr bdhesteel bfigtheurse 4, the

liquid tank. 5, 5 the circulation_punps 6, 8, 10, ﬁi i ng, _hoses and a
possi bl e BPHFFeRint 18t r of - LAY BPk tRe edApbnBRTRSFhal™wRAPl normal Iy be

percei ved.@soh{\ReRCt HRLrDeR] s6NQLRE- 1 &l buppeisamen the Beabn@ngi ne cannot
function wthout avail able heat and cold reservoirs, and they are therefore

i ncl uded espansboparhamber hethotprosgssewil¥néinedlvngatdafgend<cynsists of
Foreeond - Ol B AehTacILEL (OATRE FObRCkEY U 7
33 ang finplhycpatvabne. 3tn wbéphsfarpexaspre drypbeakeshpkecealinetbat
an outlet valve 131 opens and the working fluid is released
into a cooling course 4, where in a given time it undergoes
cooling at relatively constant volume. In step 6 a
compression, that is to say an expulsion with cooling takes
20 place, a process that for example may be between isothermal
and isobaric, but shown here as near-isothermal, illustrated
by the pressure increasing somewhat during compression, and
the P-V diagram approaching an isotherm. In step 7 the outlet
valve 131 is closed and the cooling continues under constant
2s volume again. As a whole the cooling steps may in a given
case be regarded as an isobaric cooling process, provided the
cooling course 4 has a certain capacity and the processes
take place quickly. The cooling process (process 5 above) in

the cycle is thereby represented by the steps 5, 6 and 7 in

30 the P-V diagram.

In addition it may be noted that at a working-fluid inlet
170, also called a nozzle, a choking process, also called a

throttling process, may be assumed to take place. This



15 a pressure threshold valve such as a cycling valve. In the figures 6a
and 6b are shown a sinplified principle diagramfor the working nechani sm

of the engj i and without a heat exchanger 260 in pansi on
AR gl

chanber gures 7a and 7b show= correspondi ng princ
diagram for a two-cylinder variant of the engine. It should be noted that
details |like seals and val ves are not shown for sinplicity, but it is to be

under st ood that they._ar resent. _Figure 10 sh , _on the other hand, one
exenplaryPEﬂB%ﬁ?nﬂﬁiloFﬁ?ﬁetﬁﬁﬁiRéaﬁgeLEtW8§P gggtﬁ€°88?§FFs af gsﬁo%ﬁ: n
what 25 fehlowscieef eheacastarfaiige phbeksal ia hett Bpetiigieas i6arheb, 7a,

7b and 10. The mai n nmechani sm consists of easily recognisable main parts
such as aceglendeecaysenbryisopotaipperbanhssenbiie1 deseiriptienl of1theand a

pi ston Stgg%%%4asa tagégéeﬁi%iﬁgﬁ%tgaétPSGEEQgiBETEE%%giBﬁ 2hedn interface

30 between e prston stem connecting ro a crankshaft 117,
bypasss andredéfighgvarveheldidccéddingt proaksseact Tat er hybd8het32alskrawe here
as cam shafts, bypass Iiie VWO 2011[119846%8PCT/hKQOll/OOO 05 1él,ha

Cher mal | yWFES BRPRGREEERe14BrCREREF AT EReaPeataRR BHOR FRermaSsabh and

al so ot hefo£QPIHE £8MPRACHE SeANHodRENGNBreHElirasoltokhe, ehfiaadedhnbol es,
bearings, seals, lubricating channels et cetera that a person skilled in

the art wkhrotthing peeessaryiiérbenélévasrrted by. acsgpse drop in the
vt for RAFEFE bcdfheCRASRERRTCal BF2e RgbELR 16 A0 giRE e

i nvention; Bu rs-a € same- assune adequat e regar had to
t he engi nenhausasg whetrakeheaiajetttioghpressurkubsi sati chosk thettweankshaft

117, bearings, fastenings and so og. %O Ln an enbodi nent of the h%%} engi ne
not shownChgSeRarPriiBanPTEFSEGr PEaFPRgtorFti EXRPREA OPnPEOCRE Swolrkitfg

fluid, rabhgeshikeatBpaw?isthekepengbnfarkbaa hist shewaf ihhenei ley gueeli ng
fluid is given the opportunity to leak fromthe cylinder 100 down into the
crankcase3bl abdi 3t i andothifeparankéhthe dizgrsmywilllhshgahpeyvdgvelded | i ke

in a 2-str9Ee e Qi“S’tEQdiiﬁﬁs FQPESHE by | eaks down here are avoi ded, as a
smal | | eak mj}f not 'maké a problem and having to use a separate

| ubricating nediumfor the crankshaft 117 bearings is also avoi ded, which
woul diot heigiigesr egutoes4a shpar di€feubnitcBtVodisgshem with2@hehaariesysect

it is alsp assuned that there is a gﬁgten1agle to cghph thﬁ fluid, | eaking
down int oRERE BFGRRBELBY BEOFREESFt TAky " HePLPFEUME: §GhE¥K 10 A% EES bl e
reservoirgtgeribbentag angdiathep;leaspiesehhat haapebsangskiuppadedn the art
wi |l consider necessary to ensure the integrity of the 25 working fluid and

al so the fH@mi@Eﬁiﬁg BPre rﬁcgp?rators 32,735 and/or one or more
subsequent heater segments 33 (process 2 in the cycle). Qin

20 represents the heat supplied in the first non-adiabatic,
alternatively polytropic expansion process (process 3 in the
cycle), wherein heat is transferred to the working fluid in a
first cylinder chamber 150 from the heat exchanger of a lower
cylinder 102 (alternatively from the heat exchanger of a

25 first cylinder 100a for a two-cylinder variant). Qin; further
represents the heat supplied in the second non-adiabatic,
alternatively variable polytropic, alternatively polytropic
expansion process (process 4 in the cycle), wherein still
more heat is supplied to the working fluid, which has not yet

30 passed out of the first cylinder chamber 150, alternatively
wherein further heat may be supplied in the second cylinder
chamber 151 as the fluid flows in and is expanded further

here. Quut: is heat removed in the cooling course 4



In the sinplest case, the cylinder assenbly 100 nmay consist of a sinple
machi ned conponent, but due to a need for thermal insulation between the

vari ous L ANSe@k the cylinder 100 and al so inclusion r onents
in the a?ggr%bﬁ/,S@t 30 will be more prdétical to make uggfr/o Zgﬁlmé)g@gprrbly

consi sting of individual, nore specialised conponents. In the described
enbodi nent of this invention the cylinder assenbly consists WO

2011/ 11904639PCT/ 011/ 000105 of _fhree in onents defined as a.top

cyl i nder € ’aatb%ﬁfzoaf#fc‘?ﬁ i%ﬁ%roﬂbize%n‘éagg%a}glgr%l%&piﬁ%& WESTSBECYI i nder

101 is alsp wkad |<9ﬁl:1é%,ﬁ é&i}]ﬁm Cyh i tsler a Bawhradie. bolt oML HdatdaefendBd s cal | ed
e cy

the | ower cylinder. linder assenbly 100 5 is further attached to a
seal i ng lwcknd 04dhs @i HEF e R IWR RS IR hS iR ov ERTIFeFS salR 8PS fitted to

count er acéyéf%ki%ﬁ{6ngﬁ? E%}F@ ({deﬁgal{m 48§ §n9i ne JhesrerldNa il ocksl 04

has a preferably c -t1ght passage for the piston stem 114. A
t her me- seadsildifal sheaist il | gtk bedakbng t teurse ¢4/ | afider blsenbtyet0Vadvie t he
seal i ng b Och}loﬂB Thi s, has.the function o{ Iikrln'ti nlﬂ direct heat | eakage to
the | owerl HartaHPHL SHFTFE AR BFATIY 1311 neleng TR 3119 afiRk 2587 engi ne
housi ng, LD hSs Nders oYU A ddeodf aNeRES (pdbEetOPS Chi PHEr cdlemy be
made of various materials, both nmetallic and non- 15 netallic. In one
enbodi mertér hein Hereredicad¥aml uni ni um or a plastic material such as PEEK,
which is a strong material with good thermal -insulation properties. In

anot her ephodj |~E%ﬁ€%i£@ycgf?8{@g§ Of 2 HRSThaknih i SnpResKihgT Nal

conductivity, s then coated with a material pronoting 20 ther mal

i nsul at i owecharei ot oralsd i calkled 02n i expanidenf wibatappartenantgood

heat - conduct or operties. It y be made_of _al um ni for.example, It may
then be SRETAVEORMRYICHE Phe THRET Bart 3 Aoyt PRSP T0D" VALER is in
contact whdinddnes Rb s cddPreSsdd | ha aheit DY sBheseal, thatowd ihgwork as a
good sliding surface against this. This could be a coating of chrom umor a
carbi de re@wrsal4. farl Bxakpdl ©@nh? s # sSCkREWHR F HORXPYTP nf gﬂ%e?ﬂailng

combusti ofy 119l neS- A1l LOUDEESHPS; AMPNPSCIEEA & hboBSnaTEexbRIAOTLAAI L Of

the cylinder 100 is not to
15 pump 8, 10 for heating fluid, a first and a second heat

reservoir 9, 11 and a first non-return valve 12 preventing
reversing of the fluid flow in to the injection unit 2.
Figure 8 shows an embodiment of the engine having only one
heat reservoir 9, wherein a thermo-fluid may then be

20 circulated from the reservoir 9 both to heat exchanger
channels 162 in the lower cylinder 102, alternatively through
a heat exchanger 260 if the second expansion chamber 151 is
also to have heating, alternatively also through a heat
exchanger 160 in the first cylinder 100a for a two-cylinder

25 variant, and on through a heater segment 33 in the heating
course 3 before it is returned to the reservoir 9 for
reheating. Figure 9 shows a second variant of the engine
having a more extensive heat supply system, wherein two heat
reservoirs 9, 11 are used instead of one, and wherein the

30 first heat reservoir 9 is of a low-grade character and the
second heat reservoir 11 is of a high-grade character in the

sense that the high-grade reservoir 11 supplies heat at a



30 direct sliding contact wth the piston 110. The piston 110 may for
exanple be forned in such a way that a bottompart has a slightly smaller

di aneter than an upper part, for exanple only a few hundredths of a
mi | 1i met rEOSARYIAHS put WO 2011/ 11904640PCT/ NO2011/ 000 P/ NY2P1YO0RWSUgh f or

no contact to be created with the cylinder 100. It is thereby possible to
provi de turbul ence-pronoting shapes or ot her shapes pronoting heat exchange
in the bottompart. of the bottomcyljnder 102, so that a rking fluid 5
which i s PORBLIREAR D RRENGE NGO UPERRFRTE FOBUbRR ATAGSTASReAPSPRVPRE st
efficientgmanner possible. The turbul ence-pronoting designs may in a sinple
case be made by this part of the cylinder 100 bei ng sand-bl asted so that
roughness is created. Further, an outer part of the bottomcylinder 102 is
i o formedThethatnanaehanisn anHodether vith (hehlBISEALPRgURAS Ry tHE,

whi ch tog 0 eat h PG agheatexchand flyid, a
so-calledﬁ%%g%n -??%?%Q %heggﬁe?ﬁgﬁﬁﬁ%dga??%etﬁénegfvgggﬁfahgg? to'the
bot t ora cythadeird@Ratwbinchumpst 6¢ n8may0gi pepohfy, hbasesoanHeawprkisallel ui d

in the 15 | ower cyljnder, chanmber 150. The channels 162. are vided with
turbulenc%PBVﬁﬁﬁ?¥ﬂ5 ﬁ%ﬁﬁ§°i6§?lFo?r§xgﬁﬁlSOWBOPﬁgtFo%HFngEﬁgvations in
the channgbrygil$, behpubcechearakcahbyabetal hbatvahyenbl.opk1108e
constitutes an extension of the |lower cylinder chanber 102, and here room

has been #a®e. fbheahead eegipeofienparyvEungbion BysheutcAYARERPIS4NeANRd a
mork'ng'féﬂ&d%#Fée%e;Z%go thaﬂgytﬁs a0y Lni felbeBrBOZ AL ualheakakyve bl ock

103 may basic et sane physical conponent as the [ower cylinder 102,
but due tpatteofidvhat agtadfshstag.able to place the valve 122 and the

nozzle 170 in a separate 25 assenbly, and al so the advantages that this may

give in npgjntenance et cetera, it iLs,_in:.this exanple inplenen as.a
separ at e ﬁpﬁﬁ@ﬁf?%sggﬁﬁfﬁ.glﬁoPﬁésggl95 B 6EK°T 3nﬁgyr8euﬁ§cﬁ%§g8 31
channel s apdcpeoonestadaphedhéoingscepbhnumia £l uifdllibewdabypassikke ,and
al so m ni mal dead vol ume. The val ve 30 bl ock 103 may further be_nade wth
separ at e BBEFsRLYBESPhar ABCPNHr dTSSBPERAEOFt 321 n3Phe2eREBRSFOR 30 e

| ower Cylkfﬁﬁil%og’vgﬁ¥ea§§0 &Hg@hiﬁaraéxgmﬁﬁétm§§CB@nQeEhQ§E“@§ﬂv€ or
thermo-fluid antl @ working fluid in contact wth it. WO
2011/ 11904 6ptEFhNEPOhE£6DO0185valve such as a cycling valve.

In the figures 6a and 6b are shown a simplified principle
diagram for the working mechanism of the engine with and
without a heat exchanger 260 in the second expansion chamber
151. The figures 7a and 7b show a corresponding principle

20 diagram for a two-cylinder variant of the engine. It should
be noted that details like seals and valves are not shown for
simplicity, but it is to be understood that they are present.
Figure 10 shows, on the other hand, one exemplary embodiment
of the engine where most of the details are shown. In what

25 follows, references are made inter alia to the figures 6a,
6b, 7a, 7b and 10. The main mechanism consists of easily
recognisable main parts such as a cylinder assembly 100, a
piston assembly 110 with seals 113 and a piston stem 114, an
adapter 115 with a bearing functioning as an interface

30 between the piston stem 114 and a connecting rod 116, a
crankshaft 117, bypass and outlet valves 122, 131 with valve

actuators 123, 132, shown here as cam shafts, a bypass line



The piston assenbly 110, also called the piston, consists of a piston head
111, a sliding piston 112, the seals 113, the piston stem 114 and the

pi st on Sﬂﬁﬂh@ﬁﬁﬂ&ﬁk 115. These are attached to each ot hgrrRbIRMARoRE Known
attachment nethods. 5 In addition to féfctioning as a power transm ssion
bet ween the working fluid and the engine, the piston 110 al so functions as
a common novabl e partition between the upper cylinder chanber 151 and the

| ower cylinder chanmber_ 150, As_the piston 110 % be tﬁgrnali¥ insihated
bet ween’ i 131 uppetheEmahty | HEF1akiEY 873 ,1?ﬂeng EEoR2RESH 2139 FRELEHe top
cylinder 10dy8ByobSeaBdeaRl aDsbNsthati BemABhEELAponhtEt afBY dB8igRde of a
material which in turnis coated with a |ayer of a different materi al
havi ng gosdchnss| belpg, prhpeadedshokae, shedripgdpi seeals121nkyighrsénge nade
of various materials, 15 4 S uj f Ln b o] yde
agal not LRRAORELT et LERraEe Shatne poFPalepkifhea th, R L1 cTha
sliding phetossdiy fey bee nadesvfuaniahunEngimeahboyinggcirankther dsual in
i nternal conbustion engi nes, and ot her piston machines. ,The slidin i ston
112 i s et WPRABRSERURGY b 2038) REuFSASERRERF Y BRE] APVEPEGGRs PBE ¢ he
seal s 113; agai §11 1 KBe PEShONSsEOmb At L8| 28050HEEI BgEREI RBShadh@oPt&EON
assenbly 110 consists further of the piston stem 114 which may be nmade of
met al . Thésgimg howeindetghbpke otanepppetighhnapsi séubkécahisonapll thes t he
wei ght. The_stem 114 may also.25_be Lt y of a high-strength
naterial,cg%n%%%?%%tlg?bdﬁﬁggén ﬁftgéggéﬁg?&%lgﬁgnégagéfnst the interna
surfaces in the sealing block 104, the sealing block 104 having a bore for
t he picst onnsaenediddditnt hef enbde ohetheepgshenneteshdim, themaddptmpudts is
fitted and_its mpin 30 function is to.adapt,the |jnear ti,on of . the piston
Stem 114 €5 IREFLGRGi RGO Nbt  BbEeRniatonhaE FRGKEEE T181n KSGBER g
fitted injihe {hanshtiePokdNengdast efs1d51 may1knoaddhti ea1javweraihgnction
as a seal for one axial end portion of the WO '

2011/ 11908542¢Crs NOoan/ Do 10BPprsupht ¥t beh 1eak Examl fh§ cHé1RHBKe18f the
pi ston as I 0] 0S k i VO T

possi bly %éagv%%%ét%%gsgg%ﬁgﬁagétugﬁ?rgggg%?évég?gaﬁiEhgﬁgghéggeq?ﬁe pi st on
assentd y #i01 abei aphbdeedd] hgusal Lykensul at ergtebkecenginkg, desdr €tle The main
function of the sealing plock 104 is to serve_as a passage.tor the piston
stem 114 BREPLFED 9Ys%§?555§°Wﬂa?eRBrRFﬁgaYPﬁgﬁarna h& F%ﬁéﬁ éﬁ??nﬁghi
chanber 130 WhkkeNQt pl&BKeRUt aRE hBI $ng! BoOl8ecADPAdpARA el lubsitBEeny t h

i nt ernal
medium for the crankshaft 117 bearings is also avoided, which

would otherwise require a separate lubrication system. In

20 that respect it is also assumed that there is a system able
to catch the fluid leaking down into the crankcase, so that
it may be circulated back to a possible reservoir for
filtering and other measures that a person skilled in the art
will consider necessary to ensure the integrity of the

25 working fluid and also the lubricating oil, if any.

In the simplest case, the cylinder assembly 100 may consist
of a simple machined component, but due to a need for thermal
insulation between the various sections of the cylinder 100
and also inclusion of other components in the assembly, it

30 will be more practical to make use of an assembly consisting
of individual, more specialised components. In the described

embodiment of this invention the cylinder assembly consists



10 grooves which in turn are provided with seals 105 that the piston stem
114 will then slide against. In another enbodi ment the piston stem 114 is

made wit r grooves and seals (not shown), in th gaﬁ t he
sliding &Vg&gﬁllﬁdf? and the sealing bl 8% 104 passage WI%F? t 8%?8@ 15

continuous sliding surface as in a cylinder in a four-stroke to engine.
The sealing bl ock passage is then preferably cylindrical, w thout grooves

for seals as .in the first exenpl ar mbodi ment .. The | ] near i on_of the
pi ston 119F it&15ef t“l’?e”érfb‘"[‘ﬁ’%f?'é?"e? r‘i?igz‘ée 0*F hd %?%n%%inb‘f‘ eigbiha? will
achi eve st i AeL IMidPM o3 ikad i NG BbIGEN 108 ermae €6pbesl ingeenyi ne,

and the crankshaft 117 may be further connected to a work receiver (not
shown) | kel ars edlewe réal tpdiethe ortpped enbinder andi blee fagtieReryl endB¥k for

energy pr ciion t.er 25 B h ir Lhd e 50 and
t he secon@é%yllsf nt eﬁ%c%gtn%%?lﬂ%%r [ éé;jfl\%r?@r%% gr%%/pg)glsf%g%]pi %éi?\ﬁlnggpt }1186\/\/or Ki ng
flui dsmayipaRsctide ypacsised 200 sd asésl img thkPoblyphes shawnehe#@4 in the

val ve bl ock 103, goes on via the, chann%ed1 121 ¥\/ni ch maé be a_netal pipe,
and f urt RFOVIARA {WEER FFraeres | YHdRrSa®hs wh? ef F hee Py hasSOBBFafit t he
channel 1210, oW1 6 J2Pbids AIEANIEY Ke t 88y SREONThE Y EAUShgCHRBBRT 1021.

The bypass end portions 120a, 120b are arranged in such a way WO
2011/ 1190464 3P@¥ GRoA) poebbnd hieal helealhnhbghberassagd B9rt kbepi ston 110

during the. movenent o he, pi n 1 e en_i LLio in the
cyl i nder REEEHISED ,lli)'uteA o?#%/ Yy %‘%%Pb%%\gsgsvg %géjlgggﬁgigggé%%e?g?ed. 5
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fluid in the first cylinder chapber 150 to_expand fur‘t:rger into the, second
cyl i nder EHREHEPD 198 11R1E1RG dhkect | Begkrleakage bP uhRSahgVaF sB2At gPEat er

vol ume changes (i h & Gah e d Dy Ohe t 8y Ph8t ONc iRkt hsa/Ehgihever cylinder
| o chanber 150.7In other words, dVids is greater for the top cylinder 101

than for hdwsibuogyt ovhighi helenotl 0Thowy bei gt Avavbngse Thangeprevaindert o

the Iine ositi.on change.of _the pi : r S _

di f f erenc Ofﬁn%l%‘?rem?@e o Y%rjf%%gpr?%‘?%ﬁ}%?sem %%ﬁoﬁ?%gg%?%ggﬁﬁ %E g vol unme

of thg 15ndedlDie cyinnsiee diodihent disphagi bg madabsf aaliualinpamt orher eof .

Thereby the fully expanded vol une of_the tgg}chlsi nder 101 will be_given by
0

the strokiRlafigi¢ ertdr il efdchras BFEKhe"D 1305t hARP B EERE 0l une of

the bottom gyl i80er e 102 L {n b1 8 YER P¥obbstr 888 $hrk&chbyt the piston 20
area is here ITmted to the difference between the radial,
embodiment it may be made of a material with good thermal
conductivity, which is then coated with a material promoting

20 thermal insulation.

The bottom cylinder 102 is made of a material with good heat-
conductor properties. It may be made of aluminium, for
example. It may then be advantageous to coat the inner part
of the cylinder 100 which is in contact with the piston 110

25 with a strong material that will work as a good sliding
surface against this. This could be a coating of chromium or
a carbide material, for example. This is known in existing
internal combustion engines and compressors, among other
things. The bottom part of the cylinder 100 is not to be in

30 direct sliding contact with the piston 110. The piston 110
may for example be formed in such a way that a bottom part
has a slightly smaller diameter than an upper part, for

example only a few hundredths of a millimetre smaller, but



internal cylinder area and the radial piston stemarea. In the sinplest
case, the injection nozzle 170 may be a pipe fitted in a fluid-tight manner

in a nach&aggnmq&§6in t he val ve block 103. It may furtthFgﬁanngﬁg in

such a way that 25 the fluid flow dire&d on out of it wi e tangenti al
relative to the inner wall of the |lower cylinder chanber 150. This may
contribute to inproving the heat transfer rate as descri bed above. The nobde
of operation of the engi ne may be descriped as

2011/ 11902644bcanREDn 1575082 05°REAGE kKFRGPE araaFé\gi HifRetPPqGYAIPERE 5 and

i s sucked; jpt o1t hegi pheetbPnpdBiib2eVid pbeviaESturBlikatErprab¥end2, and
is punped further into the heating course 3 via the second non-return valve
31. In theh&pasioy cobesesBapae poprPhENG hpardepabsagef iRsthenPet§R™ he

first recuperatpr_32 wh In_Jjt.r [ S t he Ldua t fromthe
conpletel@gﬁépﬁﬁd%%e |%§%§$g?¥%lﬁ§§ ixgﬁflgggtgégn?tﬁég%%géiEén%gChanisn1l
of the heahie€hgisetoFbetheat -ékehungkhggwithi dhpassesstuppdagh whéebfir st

heat er 33, which receives heat fromthe 10 first heat reservoir 9 in that
the circub@etolptp BoRtrehfifisnt PABRRD- PPEFIP Etmgéﬁ ?Hﬁgﬁiﬁchéservoir

9 and the,hgaLeingd3deftiGhBehayt D8 &l HidpTBY chBeObBehag¥eBpl @Ry sephedi nents,
as shown Tn figure 9, receive nore heat fromthe second recuperator 35,
wher ei n re§i thal chkandar X008 ghenglsandnbépratadesphihatnrPpHehnpest 1s
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chanbey formed with channels 162 and also fitted with a sealing
casing 161, which together form a heat exchanger 160 for a
heat-exchanging fluid, a so-called thermo-fluid. The thermo-
fluid will then give off heat to the bottom cylinder 102,
which in turn may give off heat to the working fluid in the
15 lower cylinder chamber 150. The channels 162 are provided
with turbulence-promoting means 163, for example in the form

of elevations in the channel walls, shown schematically here.

The valve block 103 constitutes an extension of the lower
cylinder chamber 102, and here room has been made for at

20 least one valve 122, a bypass channel 124, and a working-
fluid inlet 170, which may be an injection nozzle. The valve
block 103 may basically be the same physical component as the
lower cylinder 102, but due to the advantage of being able to
place the valve 122 and the nozzle 170 in a separate

25 assembly, and also the advantages that this may give in
maintenance et cetera, it is, in this example, implemented as
a separate component/assembly. In the valve block 103 may be
machined channels and grooves adapted for as optimum a fluid
flow as possible and also minimal dead volume. The valve

30 block 103 may further be made with separate courses for
thermo-£fluid, so that it, in the extension of the lower
cylinder 102, may also function as a heat exchanger between a

thermo-fluid and a working fluid in contact with it.



150 as from when the piston 110 is in the bottom position (see figure 12).
20 In an exenpl ary enbodi nent not shown the working fluid flows through yet

anot her t shown) positioned either imrediatel y.i or
after thyﬁgglefl(el&% 0. All or parts of #he working flui d¥\§m&mazggl2@0@nto t he

gaseous formafter the injection. In the first cylinder chanber 150 25 the
pressure of the heated fluid will apply forces to the | ower surface of the

pi ston 110, and this w |l be pushed upwards._ The |ower cylinder 102
r ecei ves TheaPlistarhassembly AdN a@idP fimplel tha RIGTR CaPigis Qf ates a

ther mof | 4 GuBRIHPHLIDA i0ata LASKIND) o b SSPOC | UEl Yoddo andh { Mend0 heat

exchanger or ne the outer fluid channels 162 forned externally on
t he | owepigtdmdarenl 02 darthdrdieoped tnn tdtemheatdpipcakithg Medse Rre of this

heat is heat-exchanged WD 2011/11904645PCT/NC2011/.00Q0105 vi he,cyl i nder
wal | of taljfé:ch'kﬁéi] tégﬁ%d’erO%t?i & s & Bt ka}]tntgacf Rt vfﬁﬁ%ocll%' is

expandi nghyddia iRirs teeh U TIDH G taal hdwier ttofamasi 48 0on (Iseewdémgure 13),
and is therefore supplied with extra heat energy, duri n]gjsg he expansion. (In

the 5 fi gheesrorkirg ifd wid and Héie IRgidanKdaRiTarky’ Abtkwi se, as
| ndi cat e‘%&l dd1 Ak e W Qomtllr® nffUleS rﬁiﬁéimrkiﬂ&v&ééﬂ dROSEhgdY still in

the Iiqui ormw continue to evaporate during the expansi on. Wen the
pi st on 1X¥liisndeouwithntbesr ticl posl tilen {dwegurey id)dery hehdmlpeis 13l Vs 122 i s

opened by .the .iq valve actuator 123 angi ng Jts sition fromcl dto
open to I8 MHS TR ”Kity BANIRE JAEF ALY ghb'él%ilfpaa%%&%ﬁfwes%nth%? 1iu?&:g%%pands
further faRMitdhed idstalcdrdslerthaiaion Keddtor 1 Meileecems ©oh i nder

chanber 151 as the piston 110 is on its way down (figure 15). In the
enbodi nertyksimsiar 1He mase divd mesie\af e ringisktielnd sater ik £ | ¥ eht | TAY

thermal |y, | %L&negtﬁ 4 repdhe et & dheengine and dhe, s roungidgsos SO

that there is at worth nentioning being transferred to or fromthe
wor ki ng fd wlidk ffd eam th gnd tre thier e . hakhimgwgdod gi fduil ak 5ig | propetiiees | rEBhe

cyl i nder rﬁﬁ)er 150 is supplied with sonme, nore heat 20 fromit | I, of
t he secorﬁcn1 I}%cﬁa’rs%r?ﬂef AR RS ef“ﬁﬁ"?%e‘?tee‘ﬁap%]hos‘ilsonm%%e]fjr% s’\t,\ﬁ%ut
expansi on therfsthind A1 i radiadald ing f4a5l exaim Bidw! yg4 dps €, theot her mal
i sobaric or sonething between. The portion of the working fluid flow ng

i nto the sdhishisg 1w faf the Gkindare S onth irihderample the

sliding piston 112 may be made of an aluminium alloy, as is
often usual in internal combustion engines and other piston
machines. The sliding piston 112 is made with one or more

20 circular circumferential grooves for the seals 113, again
like pistons in internal combustion engines. The piston
assembly 110 consists further of the piston stem 114 which
may be made of metal. This may have the shape of a pipe to
minimise the mass and thus the weight. The stem 114 may also

25 be coated with a layer of a high-strength material, so that
it should be suitable for sliding against the internal
surfaces in the sealing block 104, the sealing block 104
having a bore for the piston stem 114. On the end of the
piston stem 114, the adapter 115 is fitted and its main

30 function is to adapt the linear motion of the piston stem 114
to the rotating motion of the connecting rod 116 in a bearing
fitted in the transition. The adapter 115 may in addition

have a function as a seal for one axial end portion of the



25 chanber 151 is not supplied with any extra heat, and the expansion here
is thereby adiabatic or at |east near-adi abatic. Wen the piston 110 again

reaches tWe 20alitiodgsposi tion (figure 12% t he expansi on etriNtgRoYokiosg 1 uid
is conpleted and the outlet valve 131 Bens by the appurtenant 30 val ve

actuator 132 changing its position, and the working fluid starts to fl ow
out of the second cylinder chanber 151 through an outlet 130, and further

into the heat engine _coolin ourse .4 cqnsj sti of the recu r(s) 32,
WD 2011/ PI6GH8s LO00T0S S S S S (b e ha Al 5o

appur t enanto Riddingre sEoadl, aifitir rellaxant ToNpoRsTie tte passitbhyi ng
notion of the crankshaft 117, the piston 110 will nove relatively little
around t e EIRXIAGRESIST dhataihasie 6 adei stk R 1NAY FYS  then
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constitu e sum'of the volunme of the second cylinder Cthanber 151 and
t he vel uneg aegimedool i ng course 4. Wen the piston 110 then agai n cones
out fromthe bottomposition and is on its way upwards 10 (figure 13), it

wll co ess t.he resi.dual nt of -worKi f.lud in | cour se
4, and f Ufth&P oS4 W 1© aLhee psleaaclel.nq/\ﬁ)eq%xf]%g% s]t%gcélrl]%e%g%iéng?%aches

the top pRsidddgafdod tias dispracatmeaard yaridea Wwl2 ssauntsoftior ki ng 1 ui d
fromthe second cylinder chanber 151, and_the outlet 15 vaJve 131 cl oses so

that the %R0y Fluid 3% U1 Lot sl i hChaats hal T ur skl Aheteth it
finally upgdergoes, fir therooqliidh i difie 3%ai i HadOnsianti ol g as the

volunme of the cooling course 4 will not change substantially since it only
consist s grfoavesatwhigily igt dtummane qompoidad svith semleddd? ithao Herirse 4

the working fluid wll al ndense {nto pure |iguid the cycle is
conpl et e® =S thete ]ajl%%ﬂt gtq'been S ]1‘d|eci‘-’l lr\lAS/(;etrki%g ?rf?ﬁ% Qvail abl e for
t he procestmodiheerdd dlidl giaddord dtenarranged maidd hei thutdeteial hercowds ng
course 4, and a surplus of working fluid may flow 25 in and out here as

needed. 130 iSRAE 1195 I a BasiRe SaHIEY TR Mt HiI tPeS Wt ki ng
mechani smyof ey ifedd o ndiayi dik a Foybl Ssafety 0 GYidAIdsE Assenbl y 100a
and a first heat exchanger I60 in thermal contact with the first expansion
chamber XsHtiantus sliding surface as in a cylinder in a four-stroke
Otto engine. The sealing block passage is then preferably
cylindrical, without grooves for seals as in the first

exemplary embodiment.

The linear motion of the piston 110 is in the end transferred
20 to the crankshaft 117 that will achieve a rotating motion,
like in an ordinary internal combustion engine, and the
crankshaft 117 may be further connected to a work receiver
(not shown) like an electric generator, so that the engine

may generate work for energy production et cetera.

25 Between the first cylinder chamber 150 and the second
cylinder chamber 151 is formed a bypass 120 in which the
working fluid may pass. The bypass 120 starts in the bypass
channel 124 in the valve block 103, goes on via the channel
121, which may be a metal pipe, and further into the top

30 cylinder 101 where the bypass 120 (and the channel 121)
outlet 120b is arranged in the second cylinder chamber 151.

The bypass end portions 120a, 120b are arranged in such a way



30 al so a second heat exchanger 260 in thermal contact with the second
expansi on chamber 151, in turn connected to a third expansion chamber 151

in a secoRpd.20bifiGse- acting, near- WO 2011/11904647PCT/ NegNoboPARRS
adi abatic cylinder assenbly 100b. For thte sake of clarity, other, Ilike

el ements are indicated by the suffixes "a" and "b", for exanple t he pi ston
110a of the first cyIinder 100a and the piston 110b of the second cylinder

100b. 5 1 e 18 is s i nplary e i L of e wor ki ng
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151 having internal heat exchangers 160, 260, in turn connected to_a third
151" 10 e&%%n%thn@%én%%$em% ¥ £0Pt hHBRESPRLY eb¥cERRgP Kﬁaﬁsaﬁﬁiﬁﬁtﬂez
cylinder.y t&g §€ggdof clarity, other, like elements are indicated by

t he sufflxes " "c" in the same way as descri be above for figure
17. In figure 19 i's shown a very sinple basic exenplary 15 enbodi ment of

t he warkrﬁgenbzp@m$sh2@fCQmet1hv§ﬁs|enpaaﬁég@ vakyngnétsppgpébiet £RY

l'ind nb
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interface between the two working chanbers 150, 15 e reg rded as a

virtual whRkIRg-FPERY BopaRe 3pd G}Fﬂ 9|9F83FeénHO%HPF|8ﬁ§n§§o Urideb. The

pi ston 110nu hLyvEHOGE I OF @fe 8pDY¥PBAS1Y8! ¥Rah2hedBowbd by$ih@BrPOSIitioN, it
cl oses the connection between the first and the second cylinder chanbers

2515030 15¢hamiéx 2030/ 11804608 PCTPRIR01EVIde105 Seeakencésrushpatent s:
cylinder 101 than for the bottom cylinder 102, dV being the

volume change relative to the linear position change of the
piston 110, represented by ds. The difference in volume is
due to the piston stem 114 only being in the volume of the

15 bottom cylinder 102, then displacing a substantial part
thereof. Thereby the fully expanded volume of the top
cylinder 101 will be given by the stroke and the total end
area of the piston 110, whereas the volume of the bottom
cylinder 102 will be given by the same stroke, but the piston

20 area is here limited to the difference between the radial,

internal cylinder area and the radial piston stem area.

In the simplest case, the injection nozzle 170 may be a pipe
fitted in a fluid-tight manner in a machined hole in the
valve block 103. It may further be mounted in such a way that
25 the fluid flow direction out of it will be tangential
relative to the inner wall of the lower cylinder chamber 150.
This may contribute to improving the heat transfer rate as

described above.

The mode of operation of the engine may be described as

30 follows:



Publ i cati on nunber Publication date Applicant Title 4,133,172 1/1979
Catal do Modified Ericsson cycle Engi ne 4, 393, 653

10

15

20

25

30

WO 2011/119046 44 PCT/NO2011/000105

A working fluid is in the liquid tank 5 and is sucked into
the injection unit 2 via the first non-return valve 12, and
is pumped further into the heating course 3 via the second
non-return valve 31. In the heating course 3 the working
fluid passes first through the first recuperator 32 wherein
it receives some of the residual heat from the completely
expanded discharging working fluid from the working mechanism
1 of the heat engine. Further, the working fluid passes
through the first heater 33, which receives heat from the
first heat reservoir 9 in that the circulation pump 8
circulates a thermo-fluid between the heat reservoir 9 and
the heater 33. Further, the fluid may in other exemplary
embodiments, as shown in figure 9, receive more heat from the
second recuperator 35, wherein residual heat at a higher
temperature than in the first recuperator is transferred. The
working £luid then flows through the valve 34 and is further
injected via the nozzle 170 into the first cylinder chamber
150 as from when the piston 110 is in the bottom position

(see figure 12).

In an exemplary embodiment not shown the working fluid flows
through yet another heater (not shown) positioned either

immediately in front of or after the nozzle 170.

All or parts of the working fluid will pass into the gaseous
form after the injection. In the first cylinder chamber 150
the pressure of the heated fluid will apply forces to the
lower surface of the piston 110, and this will be pushed
upwards. The lower cylinder 102 receives heat in that the
circulation pump 8, respectively 10, circulates a thermo-
fluid between the heat reservoir 9, respectively 11, and the
heat exchanger 160 formed by the outer fluid channels 162
formed externally on the lower cylinder 102 and enclosed by

the heating casing 161. Part of this heat is heat-exchanged
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via the cylinder wall of the lower cylinder 102 and in to the
working fluid while it is expanding by the piston 110 moving
toward the top position (see figure 13), and is therefore
supplied with extra heat energy during the expansion. (In the
figures 12-15 is given that the crankshaft rotates clockwise,
as indicated with an arrow.) This entails that working fluid
possibly still in the liquid form will continue to evaporate
during the expansion. When the piston 110 is around the top
position (figure 14), the bypass valve 122 is opened by the
valve actuator 123 changing its position from closed to open
to let the working fluid pass via the bypass 120, so that it
expands further from the first cylinder chamber 150 into the
second cylinder chamber 151 as the piston 110 is on its way
down (figure 15). In the embodiment shown, the second
cylinder chamber 151 is sufficiently thermally insulated from
the rest of the engine and the surroundings, so that there is
no heat worth mentioning being transferred to or from the
working fluid flowing in here. The working fluid still in the
first cylinder chamber 150 is supplied with some more heat.
from the wall of the second cylinder chamber 151 in the
further expansion so that the expansion here will be non-
adiabatic, for example polytropic, isothermal, isobaric or
something between. The portion of the working fluid flowing
into the bypass 120 and further into the second cylinder
chamber 151 is not supplied with any extra heat, and the
expansion here is thereby adiabatic or at least near-
adiabatic. When the piston 110 again reaches the bottom
position (figure 12), the expansion of the working fluid is
completed and the outlet valve 131 opens by the appurtenant
valve actuator 132 changing its position, and the working
fluid starts to flow out of the second cylinder chamber 151
through an outlet 130, and further into the heat engine

cooling course 4 consisting of the recuperator(s) 32,
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possibly 35, and the cooler 41 and also appurtenant piping,
hoses and other relevant components. Due to rotating motion
of the crankshaft 117, the piston 110 will move relatively
little around the bottom position, and some of the working

s fluid will then undergo cooling at relatively constant
volume, the total volume being constituted by the sum of the
volume of the second cylinder chamber 151 and the volume of
the cooling course 4. When the piston 110 then again comes
out from the bottom position and is on its way upwards

10 (figure 13), it will compress the residual amount of working
fluid into the cooling course 4, and further cooling will
take place. When the piston 110 again reaches the top
position, it has displaced nearly the whole amount of working
fluid from the second cylinder chamber 151, and the outlet

15 valve 131 closes so that the working fluid is only present in
the cooling course 4 wherein it finally undergoes further
cooling, but again at constant volume, as the volume of the
cooling course 4 will not change substantially since it only
consists of relatively stationary components. In the cooling

20 course 4 the working fluid will again condense into pure

liquid, and the cycle is completed.

For there always to be sufficient working fluid available for
the process, the liquid tank 5 is arranged at the outlet of
the cooling course 4, and a surplus of working fluid may flow

25 in and out here as needed.

In figure 17 is shown a basic exemplary embodiment of the
working mechanism of the invention, having a double- acting
cylinder assembly 100a and a first heat exchanger 160 in
thermal contact with the first expansion chamber 150, and

30 also a second heat exchanger 260 in thermal contact with the
second expansion chamber 151, in turn connected to a third

expansion chamber 151’ in a second, single-acting, near-
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through the polytropic relation PVn = constant, where P is the pressure, V
Is the volunme and n is the polytropic index of the working fluid with
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wor ki ng RSERRR S (YL IRIRT RRETRR alqc?sztE?gS ea%%‘%to east i %econd

vol ume change chaihere (dmdnt 4 5dred  ikdipd AL @by eehé Nshifipixéherget hed in
sequence conprises at least the followng steps: 15a) in a first vol une
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The ot hOPERE APt el dvi S TR Chol HET hole 28EOBHTLbE FHo¥ERuence
the foll o Nt @RSving two single-acting cylinders 100a, 100b with
respective expansion chambers 150, 151 having internal heat
exchangers 160, 260, in turn connected to a third 151’
10 expansion chamber in a further single-acting near-adiabatic
cylinder. For the sake of clarity, other, like elements are
indicated by the suffixes “a”, “b” and “c” in the same way as

describe above for figure 17.

In figure 19 is shown a very simple basic exemplary

15 embodiment of the working mechanism of the invention, where
only one single-acting cylinder assembly 100 with an
appurtenant piston 110 defines two cylinder chambers 150, 151
in one and the same cylinder volume, and where a heat
exchanger 160 only encloses the first working chamber 150.

20 Here, the interface between the two working chambers 150, 151
may be regarded as a virtual working-fluid bypass 120 with
virtual end portions 120a, 120b. The piston 110 will function
as a bypass valve 122, as, in its top position, it closes the
connection between the first and the second cylinder chambers

25 150, 151.



in a first process, to carry out an adiabatic vol unme change of the working
fluid; I n a second process, to exchange heat with the working fluid;
30in a thj r s, to carry out the first volune cha

accordi nrg\k]?gog{lg%ﬁg) above; in a fourtf8process, to car ?g%g\ﬁ{zﬂfjﬁ);oﬁlfolsr st
vol une WO 2011/ 11904650PCT/ NO2011/ 000105 change process according to step
b) above; and in a fifth process, to exchange heat with the working
fluid, where the heat flow direction is the opposite of the heat flow

di recti oR9feieREsScond 5process. 3. The nethod according to claim 1,
wherein the nethod conprises in sequence the foll ow ng steps: in a
first progesheddtLarry out an adiabatic conpression of,the working fluid;

Publication | Publication |Applicant | Title

number date

4,133,172 1/1979 Cataldo Modified Ericsson cycle
Engine

4,393,653 7/1983 Fischer Reciprocating External
Combustion Engine

2009/0000294 | 1/2009 Migsselhorn | Power Plant with Heat

Al Transformation

7,076,941 7/2006 Hof fman Externally Heated
Engine

Other publications:

5 “A Dual-Source Organic Rankine Cycle (DORC) for Improved
Efficiency in Conversion of Dual Low- and Mid-Grade Heat
Sources” - F. David Doty and Siddarth Shevgoor, Proceedings
of the ASME 2009 3% International Conference of Energy

Sustainability, Doty Scientific, Inc. 2009.



10in a second process, to supply heat to the working fluid; inathird
process, to carry out the first vol ume change process according to step a)

above, whgpeoilgong! ume change process conprises expansipgiinokaiososour t h
process to carry out the second vol une 8hange process according to step b)

above, where the vol une change process(es) conprise(s)

expansion; and in a

fifth process, to cool the working fluid. 4. The nmethod according

to claim3, wherein the nethod 20%9@&2439% gn sequence
the first process involves punping thé& wWork
pressure by neans of an injection unit (2); the second

the foll ow ng steps:

ing fluid fromlow to high

process invol ves

suppl yi ng heat tm nidthaddWhsKithkgat | ettchanyndient i axgd coerlseexShaposngi oned

externally to the volume change chapbers (150, 151, 151

process invol veitl} etV et thRAnoTRIHS £ |

in thernmn

") the third
ot i i heahPap oy

volume change chaghgle 3UdRAY A4 féstélﬁog%f@cééé@s sap®| ¥k Henbeat 130 the

fluid fromat | east one heat exchanger (1

contact with the

first svol ume chargeexdrtberhgus) ;a thermodynamic cycle for the
working fluid is approximately described through the

polytropic relation PV" = constant, where P is the

pressure, V is the volume and n is the polytropic

index of the working fluid with adiabatic index gamma

10 (v), and where the engine consists of at least one

working mechanism (1) provided with a first (150) and

at least a second volume change chamber (151, 151°),

characterised i n that the

method in

sequence comprises at least the following steps:

15 a) 1in a first volume change process, to carry out a

first polytropic volume change of the working fluid in

a first volume change chamber (150), where n < vy, and

b) in a second volume change process,

to carry out at

least one second near-adiabatic or polytropic volume

20 change of the working fluid from a first (150) to a

second (151) volume change chamber, where n < vy, or

where a volume change starts with n < y and ends near-

adiabatic (n = vy).

2. The method according to claim 1, wherein the method

25 comprises in sequence the following steps:

in a first process, to carry out an adiabatic

volume change of the working fluid;

in a second process, to exchange heat with the

working fluid;

30 in a third process, to carry out the first volume

change process according to step a) above;

in a fourth process, to carry out the first volume



WO 2011/11904651PCT/ NO2011/ 000105 the fourth process at |east involves
expandi ng the working fluid further fromthe first (150, 151) to the second

vol une c er (151, 151') via a working-fluid b 20"
and 5then$pgﬁﬂ%ggg?ess i nvol ves cool i nd& he mo?king qu%ggﬁﬁnéﬁ%%8W%ng :
course (4) arranged externally to the expansi on chanbers (150, 151, 151').
5. The nmethod according to claim4, wherein the fourth process nore
specifically involves expanding the 10working flujd further fromthe first
(150) to the secehrRRgaBIOGRFHNBRCEAEAYRIchAnBEFPVPA 8PRBRKI ABLf | ui d bypass

(120). 6. The nethod; acgOp gkl $PoELaEM do WhERShYet HBatowsth pRACEss nore

specifically involves, 1n a first step, l1lbexpanding the working fluid
further fromthewdérksng (1503dt owhdéeesebendegtisf}ovotunecthangéschhaber via

a wor ki ng-fluid bypass_(120)._an i secqnd siep, expandi ng _the working
fluid further fr ?ﬁ%tée% nﬁg9g*ﬁﬁ€ g%ﬁﬁgglﬁﬁﬁﬁﬁgP %TSEﬁetgggoPﬁird vol unme
change 20chanberpfdédsg. via a second working-fluid bypass (120').

3. The method according to claim 1, wherein the method
comprises in sequence the following steps:
in a first process, to carry out an adiabatic
compression of.the working fluid;
10 in a second process, to supply heat to the working
fluid;
in a third process, to carry out the first volume
change process according to step a) above, where the
volume change process comprises expansion;
15 in a fourth process to carry out the second volume
change process according to step b) above, where the
volume change process(es) comprise(s) expansion; and

in a fifth process, to cool the working fluid.

4. The method according to claim 3, wherein the method
20 comprises in sequence the following steps:
the first process involves pumping the working
fluid from low to high pressure by means of an
injection unit (2);
the second process involves supplying heat to the
25 working fluid in a heating course (3) positioned
externally to the volume change chambers (150, 151,
151’);
the third process involves injecting and expanding
the working fluid in the first volume change chamber
30 (150) and at the same time supplying heat to the £luid
from at least one heat exchanger (160) in thermal

contact with the first volume change chamber (150);



7. The nmethod according to any of the clains 2 to 6, wherein the fourth
process further involves supplying further heat to the whole or parts of

t he morkkpgzgﬁ%hﬁkg fromat |east a heat exchanger (160}8&5Khhﬁ%ﬁgbscontact

with the first volume change chanber (530). 8. The method according to any
of the clains 2 to 7, wherein the fourth process further involves supplying
Lurther Eeat to(the whol e or parts of the working 30fluid fromat |east one
eat exchanger (260).in_ WD 2011/11904652PCT/ NO2011/.000105 t her.nal .gont act
with the second vol EEIHE éﬁ’élﬁﬁﬁ‘ ER]YHES F%Si)e.aStQ.mT’ﬁéLvr?g't ﬁé{é)aélcclglrgdit%lge to
any of the precqeirRdng W dMEQrehe i FeomOithiend ifdsti d 18 d, errsates datheeen
the 5liquid formand the gaseous form 10. The nethod according to any of

the clains 4 tosecopfeveilimenebavde shambgird (15-hd Silr ¥ 4% Gcess i s
initially in the Liquidhonm p3asls 1(820g0 96ked .i ity the first vol une
change chanber ?f%gﬁ gt a fgéu ngeétly'high gﬂessure, so that the liquid
formés maintai ned dhei fig fthe projcestsi anvojerest icoeling the working

fluid in a cooling course (4) arranged externally to

the expansion chambers (150, 151, 151’').

5. The method according to claim 4, wherein the fourth
process more specifically involves expanding the
10 working fluid further from the first (150) to the
second (151) volume change chamber via a working-fluid

bypass (120).

6. The method according to claim 4, wherein the fourth
process more specifically involves, in a first step,
15 expanding the working fluid further from the first
(150) to the second (151) volume change chamber via a
working-fluid bypass (120) and, in a second step,
expanding the working fluid further from the second

volume change chamber (151) to a third volume change

20 chamber (151’) via a second working-fluid bypass
(120') .
7. The method according to any of the claims 2 to 6,

wherein the fourth process further involves supplying
further heat to the whole or parts of the working
25 fluid from at least a heat exchanger (160) in thermal

contact with the first volume change chamber (150).

8. The method according to any of the claims 2 to 7,
wherein the fourth process further involves supplying
further heat to the whole or parts of the working

30 fluid from at least one heat exchanger (260) in



11. The method according to claim9 or 10, wherein the working fluid is in
the liquid formin the first process; in the liquid formin the second

process; JaWfldi¥sg" Partly supercritical in the secondpggwﬁaoog\{bgl ly or
ally

partly in the gaseous formin the thir&2process; substanti el ng
vaporised in the third process; possibly being vaporised further in the
Eourtﬂ process; and substantially being condensed in 20the fifth process.

2 A heat engine _arrangenent, or a _heat pu arrangenent. i f the arrangenent
and its sub- conpormal fRtaettitt I5h% S ¥ g“r?eev%l?%‘é%ef %Tl?%’ﬁg,
having at |east ong jworking mechanism (1) provided with a first 25vol une
change chanber (150) and at | east a second vol une change chanber (151
151') with appurtenant displacenent nechaniiggs) (110, 110a, 110b, 110c),
where at | dast die mefthaddrarpdina ey any iof tHhe mreetrgtCh@ P and

encl oses or is cl.os: t { %}gﬁ? ' Shang anber
(150), the vol uﬁ"';hec]ﬁealﬁgegg av%(e}%sngil ) iS%Li{éllé’ié/%%%g con(ra]%l%%ed in WO
2011/ ¥1904653PCTI/ AL 1 £330 1:05d stloe eesteasus nfeeri ! ui d- comuni cati ng manner
t hrough at | east one working-fluid bypass (120, 120'), the first volune

change chantier (1B mathed it e Ko dtthaet e it a0y o 0T
wherein the working fluid in the third process is
initially in the liquid form, as it is injected into
the first volume change chamber (150) at a
10 sufficiently high pressure, so that the liquid form is

maintained during the injection operation

11. The method according to claim 9 or 10, wherein the
working fluid is in the liquid form in the first
process; in the liquid form in the second process;

15 wholly or partly supercritical in the second process;
wholly or partly in the gaseous form in the third
process; substantially being vaporised in the third
process; possibly being vaporised further in the
fourth process; and substantially being condensed in

20 the fifth process.

12. A heat engine arrangement, or a heat pump arrangement
if the arrangement and its sub-components are
essentially arranged for reversed functions, having at
least one working mechanism (1) provided with a first

25 volume change chamber (150) and at least a second
volume change chamber (151, 151‘’) with appurtenant
displacement mechanism(s) (110, 110a, 110b, 110c),
where at least one heat exchanger (160) is in thermal
contact with and encloses or is enclosed by the at

30 least first volume change chamber (150), the volume

change chambers (150, 151, 151’) being connected in



characterised in that the working-fluid inlet (170), the working-fluid
outlet (130) and the at |east one working-fluid bypass (120, 120') are

provi ded wpbiiyabygs (34, 122, 131) which are 10synchropi-3R&h P /dtRiRt ai n a
sequential working-fluid flowin succession fromthe first volume change

chanber (150) and through the at |east second vol unme change chanber (151
151'), the working fluid being carried sequentially through the vol une
change 15chanbers (150, 151 151'#Bl§ a direction of flom/f£8n1thﬁ

wor ki ng-f1ui d i niPRECeATHRT 1 17t Ref WO T AGUPIRTF 62 biPP a2 8E) ChreyghrRE

arrangenent accof&ifg &ife ChaiRidg- £ YhedebpphBe Yobuneigbangetrbarhess (150,
151, 151') have 20successively increasing or decreasing volunes. 14. The

arrangenent accovel e tehamge ofhaneepr £22@i nhaeiagns werkéngstlwhdrein the
vol ume_change chaghers (50, 481 ndSEhl ol ARLADASHoLONaNBR {yast  on os

5
expansi on chanbers. he arrangenent accordin any of the pfeceding
clainms 12 to 14,1%her chavihe aowdirkindglttididypas3et12030120') is cl osable

by neans of at |east one bypass valve (122). 16. The arrangene accordi ng
to claimi15, whetdt@ & G g_%%&s?a@e&bet n \'Fg’leu%’r&‘ﬂé‘ﬁgg&éﬂ’éﬁbers
(150, 151, 151')iﬁ@@trﬁﬁﬁ@PF'Hﬁebw8§ﬁ§n§ﬂﬂ1995tb98§e£12@§0)18ﬂ8,th¥[bt
2011/ 11904654PCT/ NO2011/ 000105
least one working-fluid bypass (120, 120’) are
provided with valves (34, 122, 131) which are
10 synchronized to maintain a sequential working-fluid
flow in succession from the first volume change
chamber (150) and through the at least second volume
change chamber (151, 151’), the working fluid being
carried sequentially through the volume change
s chambers (150, 151, 151’) in a direction of flow from
the working-fluid inlet (170) to the working-fluid

outlet (130).

13. The arrangement according to claim 12, wherein the
volume change chambers (150, 151, 151’) have

20 successively increasing or decreasing volumes.

14. The arrangement according to any of the preceding
claims 12 to 13, wherein the volume change chambers
(150, 151, 151’) are arranged to have a function as

expansion chambers.

25 15. The arrangement according to any of the preceding
claims 12 to 14, wherein the working-fluid bypass
(120, 120’) is closable by means of at least one

bypass valve (122).

16. The arrangement according to claim 15, wherein a fluid
30 passage between the volume change chambers (150, 151,

151’) and respective bypass end portions (120a, 120Db,



120a', 120b") is maintained in any of the working positions of the
di spl acenent nechani sn(s) (110, 110a, 110b, 110c) during the displ acenent

of the i.ng fluid between the vol ume change chanbers 151").
17. Thew§&b§ﬂ§@&éﬁf according to any of>% he preceding cfgia%nféﬁﬁgm 6,

wherein the volunme change chanbers (150, 151, 151') together are arranged
to be able to carry out a volune change process for a working fluid, 10so

that the working flujd na& be displ aced, nearly conpl teh fromthe first
(150) into the sk@md: (1349" Vol BinBatRbAyReEhaibRIY aflll énWPE tR8r in that

the displ t ' i s o - s@fisih
e di spl acemen %Tgfxt{g%l?néé)tﬁélg p108emdAPbme QA1 s ) %#@',Tﬁg‘i‘oﬁhange

chanbers (150, 1 are lbnmechanically synchroni sed.
arrangement accoltiding 100c) adwuriilg wherdisplacemenhanfchhesyaekivgi sation

in the whole or rts of an operating condjtion Lntains displ ment
bet ween the diffgf%h Q%Fﬁﬂ%ncﬁ%%ggo ﬁ%ﬁbﬁbgn?ESgBaT%%?81§gb§’Zggﬁéving
sequential |y opppsite, signs, such that the volune of a first volume change
chanber (150) will increase when the volunme of a second chanber (151)
decreases and vi ce versa. . )
17. The arrangement according to any of the preceding
claims 12 to 16, wherein the volume change chambers
(150, 151, 151’) together are arranged to be able to
carry out a volume change process for a working fluid,
10 so that the working fluid may be displaced nearly
completely from the first (150) into the second (151)
volume change chamber and then further in that the
displacement mechanism(s) (110, 110a, 110b, 110c) of
the volume change chambers (150, 151, 151') are

15 mechanically synchronised.

18. The arrangement according to claim 17, wherein the
mechanical synchronisation in the whole or parts of an
operating condition maintains displacement between the
different volume change chambers (150, 151, 151‘)

20 having sequentially opposite signs, such that the
volume of a first volume change chamber (150) will
increase when the volume of a second chamber (151)

decreases and vice versa.



