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mover {B); a cooling chamber in and-or round the prime
mover (B); electric generating means (C) drivingly coupled to
the prime mover {B}; a cooling chamber (11,12} in and or
round the generating means (C); condenser means (E);
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an outlet (2) from the cooling chamber of the prime mover (B)
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high pressure intet (3} into the prime mover (B); a second fluid
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the prime mover (B} through the condenser means (E) and
communicating with an inlet (b) into the cooling chamber of
the prime mover (B); a third fluid line or circuit (7) branching
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circuit {1).
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TITLE MOD:FIED

see front page

THERMODYNAMIC POWER GENERATION

This invention relates to thermodynamic power
generation.

Conventional thermodynamic power plants for
converting thermal energy into mechanical energy
and/or electrical energy do not normally fully
utilise the intrinsic heat energy contained in the
fuel or other medium or source, such as for
example a solar energy converter, from which the
thermal energy is derived. It is accordingly an
object of the present invention to avoid or at

least to minimize the above disadvantage.

According to one aspect of the invention a method
of operating a closed cycle power plant includes
the steps of heating a working fluid to an
operating temperature; utilizing a flow of heated
working fluid to drive a thermodynamic prime mover
and thereby to drive associated plant; utilizing
low grade waste heat and/or low grade rejeét heat
and/or low grade random heat losses from the prime
mover and/or associated plant and/or other
associated apparatus to heat a recovery £fluid;

and introducing heated recovery fluid into heated
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working fluid flowing to the prime mover in a

position upstream of the prime mover.

The arrangement according to - the invention
facilitates the recuperation of lbw gréder heat
losses and/or lowrgrade waste heat and/or reject
heat from the system and the transfer of such heat
back into the working cycie to improve the
utilization of the heat'energy available in fuel
or any other source or medium used for heating the

working fluid.

The recovery fluid may be utilized to cool the

prime mover and/or associated plant and/or other

associated apparatus, whereby the recovery fluid
absorbs low grade heat from the system. Such
absorbed low grade heat may be introduced into the
heated Vworking fluid when £he heated recovery

fluid is introduced into the heated working fluid.

The recovery fluid may comprise a fluid which is
physically and/or chemically different from, but
compatible with the working £luid. Thus, a

mixture of two or more fluids of different
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chemical composition may be used.

The recovery fluid may be derived or extracted

wholly or partially from the working fluid.

The recovery fluid may comprise a permanent gas oOr
a condensable gas or vapour and may be utilized in

any suitable state or condition.

The recovery fluid may comprise the same fluid
chemically as the working fluid. Thus, a first
portion of the working fluid may be heated to the
operating temperature to drive the prime mover;
and a second portion of the working fluid may be
heated by the 1low grade waste heat and/or low

grade reject heat and/or random heat losses.

The working fluid may comprise any suitable
medium, such as freon or sulphur hexafluoride or
methanol and/or water, and may be utilized in any
suitable chemical and/or physical form or

composition.

The heated working fluid may be at a higher
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temperature and preésufe than the heated recovery
fluid and a flow of the heated working fluid may
be utilized to aspirate the heated recovery fluid

into the heated working fluid.

At least part Qf the condensable gaseous énd/or
vaporous fluid passing from the prime movér (and

which will hereinafter simply be referred to as
"condensable  fluid") may be condensed by
compression produéed by kinetic motion imparted to
such  condensable fluid. The compressive
condensation may or may not be effected in

conjunction with cooling. of the condensable fluid.

Kinetic motion may be imparted to the condensable
fluid passing from the prime mover by drawing off
at elevated pressure upstream of the'prime mover
part of the heated working fluidr and céusing a
flow of such drawn-off portion of the working
fluid to impart kinetic motion to such condensable

fluid passing from the prime mover.

Additionally or alternatively, cooled recovery
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fluid may be introduced into the condensable fluid
passing from the prime mover, thereby to
simultaneously <cool and increase the kinetic

motion of condensable fluid passing from the prime

mover.

At least part of the condensed fluid may be

utilized to cool the prime mover.

In the process of cooling the prime mover, the
condensed fluid will becone heated in a
recuperative preheating stage and such pre-heated
condensed fluid may comprise working fluid which

may be heated to the higher operating temperature

for driving the prime mover.

Alternatively or additionally, at least part of
the condensed fluid may be cooled by expansive

evaporation.

Vacuum conditions for expansive evaporation may be

created by a flow of heated working fluid or a

part thereof.
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At least part of the condensabie fluid and/or the
cooled condensed fluid mayrconstituteror'comprise
the recovery fluid for recuperating low gfade heat
losses and/or feject and/or  waste heat and
returning such recuperated heat to the system by
introducing the heated recovéry fluid into the

working fluid upstream of the prime mover,

It is also possible for part of the COndeﬁsable
fluid and/or the <cooled condensed fluid to
constitute or comprise feéovery fluid for
recuperating very low grade heat Vlossesr‘and/or
reject and/or waste heat and 'returning ~such
recuperated heat to the system by introducing the
resultant heated recovery fluid into  the fluid
system in the cooling stage or at any other

suitable point.

The prime mover and associated plant may comprise

a turbo-electric unit.

A thermodynamic turbilne may drive  electric

denerating means, such as an alternator adapted to
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feed into a load.

The load may comprise an electric motor and/or an
electric and/or other energy accumulator and/or

any suitable power conversion means.

The recovery fluid may be utilized to cool the
electric generator and/or the electric motor
and/or the load and/or other apparatus or parts in
which thermal losses occur, and/or in which waste
or reject heat is available, whereby the recovery
fluid absorbs at least part of the heat 1losses
and/or the reject and/or waste heat before the
recovery fluid 1is introduced 1into the heated
working fluid upstream of the prime mover and/or
into the fluid system at any other suitable point,

such as in the cooling stage.

The heated recovery fluid may advantageously be
compressed prior to the introduction 1into the
heated working £fluid. The heat generated by
mechanical work performed during compression may

also be recuperated by the recovery fluid.
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The working fluid may be heated to the operating
temperature by any suitable heating means, such as
fuel burning means and/or electrical and/or
nuclear heating means and/or solar energy absorber
means. Solar and/or huclear heating may

advantageously be utilized in the system.

Heating of the working fliuid to the operating
temperature may be effected by controlled external
combustion means whereby atmospheric pollution may

be minimized.

The operating speed and/or the power output of the
prime mover may be controlled by regulating the
magnitude of the load applied to the prime mover
and/or by regulating the heat input to the working
fluid and/or by introducing condensed fluid into
heated gaseous or vaporous working f£fluid upstream

of the prime mover.

Part of the condensable fluid passing from the
prime mover and/or at least part of the condensed
fluid may be introduced into the heated working

fluid in a position upstream of the prime mover,
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thereby to control the operating temperature
and/or flow conditions and/or power output of the

prime mover.

In a preferred embodiment, a load applied to
electric generating means driven by the prime
mover is regulated to control the operating speed
of the prime mover. Excess power may be absorbed

in an energy storage system.

The operating speed and the power output of the
prime mover may be controlled to substantially
constant values. The combustion rate of fuel
burning heating means may thus be maintained
substantially constant over extended ©periods
whereby optimal operation of the power plant may

be achieved.

The load applied to electrical generating means
driven by the prime mover and/or the heat input to
the working fluid may be regulated in accordance

with the speed and/or electrical output of the

20 generating means.
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According to another aspect of the invention a
closed cycle power plant includes heating means; a
thermodynamic prime mover; a coolingr'chamber in
and/or round the prime mover ; electric generating
means drivingly coupled to the prime mover; a
cooling chamber in and/or round the generating
means; condenser means; cooling means; a first
fluid line or circuit extending from an outlet
from the cooling chamber of the prime mover
through the heating means and communicating with a
high pressure inlet into the prime mover; a
second fluid line or circuit extending from a low
pressure outlet from the prime mover through'the
condenser means and communicating with an inlet
into the cooling chamber of the prime mover; a
third £luid line or circuit branching off from the
second fluid line or circuit downstream of the
condenser means and communicating with the cooling
means; and a fourth fluid 1line or «circuit
extending from the cooling means to the cooling

chamber of the generating means and from there to

the first £luid line or circuit in a position
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between the heating means and the prime mover; and
means operative to introduce fluid from the fourth
fluid line or circuit into the first fluid line or

circuit.

Aspirator means may be provided to aspirate fluid
from the fourth fluid line or circuit into the

first fluid line or circuit.

A return line or circuit branching off from the
second fluid 1line or circuit upstream of the
condenser means may communicate with the first
fluid line or circuit between the heating means
and the prime mover, to permit condensable fluid
passing from the prime mover to be introduced
directly into the first £fluid 1line or circuit

upstream of the prime mover.

A branch fluid 1line or circuit may communicate
with the second fluid 1line or circuit in a
position between the condenser means and the
cooling chamber of the prime mover and may be
adapted to communicate with the return 1line to

permit condensed fluid to be introduced directly
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into the first fluid line ahead of the prime.
mover. N
A further aspiratof may be provided in the fifst
fluid line of cichit bétﬁeenrthe heatingrmeans
and the prime mover, the'furtherraspirétor being
operative under the,influencé'éf fluid flow along

the first fluid line or circuit to aspirate

condensable fluid and/qr condensed fluid into thé

first fluid line or ciréuit from the return line

or circuit.

The thermodynamic prime mover may comprise a

thermodynamic turbine.

The electric generating means may comprise an

A,C. alternator.
The alternator may have a variable. excitation
system or a constant excitation system, such as

derived from a permanent maghetic field.

The electric generating means may include tubular
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conductors in its magnetic windings, the tubular
conductors comprising or forming part of the
cooling chamber of the generating means and being
connected in fluid circuit with the fourth £fluid
line or «circuit. The tubular conductors may
constitute one or more internal cooling

compartments.

A compressor may be connected in the fourth fluid
line or circuit between the generating means and

the aspirator.

At least part of the cooling chamber of the
generating means which is connected in the fourth
fluid 1line or «circuit, may comprise a cooling
compartment which 1is located about the generating
means and which communicates with the low pressure
side of the compressor, whereby the compressor is
adapted to create a low pressure atmosphere about

the generating means.

The cooling compartment located about the
generating means may constitute an external

cooling compartment which may be in communication
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with = the _ ”ihterhal:f ‘cooling . compartment/s

constituted by the tubular conductors.

The —aspifatorz mayi  cdmprisé a :;fubular body
connected in the first £luid line or circuit; and

an inlet'intofthe'tubular:bodyféommhnicating with

the fourth fluid line or circuit, f£luid flow along

the first fluid linerforr;circﬁit ,through the
tubular body being 'opefativér'tq' aspirate £1luid
from the fourth fluid line or circuit into the

first fluid line or circuit through the inlet.

The cooling ~means may comprise . expansive

evaporation cooling means.

Anréspirator in;the{first'flu{afiine ﬁr'circdit
may’be:operative‘uhdef the{infuéhce of fiuidiflow
alOng'the'fi:sf'fluidriinéfor cifcﬁit to withdraw
flui87 f:om' thér EXpénsiVé: e?apératidnr cboling'

means, thereby to createtlbw pressure conditions

in the cooling means.

Alternatively or ;'additibnally; - the expansive

20 evaporation cooling'means'méy be,connectéd'to'the
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low pressure side of the compressor, whereby the
compressor 1is adapted to create 1low pressure
conditions to a dgreater or lesser degree 1in the

cooling means.

A single or multi-stage cooling means may be

provided.

The condenser means may comprise dynamic

compressive condenser means.

The compressive condenser means may be operative
to condense condensable gaseous and/or vaporous
fluid passing from the prime mover (i.e.

"condensable exhaust fluid") by compression
produced by kinetic motion imparted to the

condensable fluid.

The compressive condenser means may comprise a
tubular body; a first inlet communicating with the

low pressure outlet from the prime mover via




10

15

20

0026676

- 16—
pdrtion. éf, the second fluid fiinef"éndrga second
inlet commﬁnigatiﬁg Via aififtﬁ fiuidrline:with
the first fluid lﬁne-j;1°a;§dSitign Between the

heating means aﬁd ther'prime; mdéer, fluid flow

through the second inlet 'being *opérétive to

aspirate COndenséble flqid passihgrffbm,the prime
mover through therlfirét;:iniet 'in"crp'j the tubular
body and to compreSs Vsuch 'goﬁdénsablé rflﬁid by
converting its directibnal kiﬁétiﬁ;motionrinto a

pressurised condition.

The tubular body ﬁaj,iincldde ;a':;hifd inlet
communicating hith;thechoIinérheéﬁs; éooled £luid
introduced undeprp;essﬁre_thfnghffherthira ihiet
being operativérﬁd ¢66l1and'fuftheffto¢c¢ﬁpress by
kinetic motionﬂthe[éohdeﬁSabié flﬁiéféaésipg1from

the prime mover.

Condenséd fidid'passiﬁgﬂﬁia:théﬂéecénd fluid line
from the béhdensetito‘théjébdliﬁg}éﬁamber'of the
prime mover, is heaﬁédf'in ’théﬂVCQOling chémber,
which acts as 'a,rpfefheatingﬁ stagé' for f;uidf
passing from ,théf cpqling"éhambet iqfrrthe prime

mover to the heating meansraldngithe:first £luid
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line.

The heating means may comprise fuel burning
means. The heating means may include a main
heating stage in which working fluid flowing along
the first fluid line is subjected to heating by

the combustion of fuel.

The heating means may also include a pre-heating
stage in which working fluid flowing along the
first fluid line is subjected to heating by hot

waste gases of combustion.

The heating means may also include superheating

means.

Alternatively or additionally to fuel burning
means, the heating means may comprise electric

and/or solar and/or nuclear heating means.

The prime mover and the electric generating means
may comprise a turbo-electric unit operating at

constant or variable power output.
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The power plant’ may"includefrar'ioad’ which is

electrically connected to- the ”output of the

_electric generating means.

The load may comprlse one or ‘more components and
may 1nclude and/or constltute an energy storage

system.

The load may comprlse an, electrlc motor and/or,
energy accumulator -means- and/or power conver51on'

means.

The energy accumulator rmeans may"comprise' a
chemical energy accumulator, such as-an electric
storage batteryiconnected'to{the';ectifiedfoutput

of the electric generating means, and/or a heat

energy accumulator, such as a mass of glauber

salts or other euitable'quible“material provided
with an electric heater connected to'the;output of

the electric generating means..

Control means may be prOV1ded for regulatlng the
operatlng speed and/or the power output of the.

loaded prime mover. ‘The operatxng speed and/or
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power output of the loaded prime mover may be

regulated to substantially constant values.

The control means may be adapted to vary the heat
input to working fluid flowing along the first
fluid line. Where fuel burning heating means is
used, the heat input to the working fluid may be
varied by varying the fuel supply to the heating
means. The heat input may be varied in accordance
with the output of the electric generating means
and/or energy accumulator means. Variation of the
heat input may involve a certain reaction time
delay in the control of the operating speed of the

prime mover,

Alternatively or additionally, the control means
may be adapted to regulate rapidly the operating
speed of the prime mover by varying the load on
the prime mover. The load on the prime mover may
be varied by varying the 1load connected to the
electric generating means. The load on the
generating means may be varied in accordance with

the output of the generating means.
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Thé_load applied to thefprimefmoVér may - thus form

part of the:prime mover. speed control system.

The totél load applied directly or -indirectly £o
the prime mover mayrcoméfisé a pluréliéy of load
components which mayrbe combihedfahd/ér Vaiied'in
any suitable mahherirto —esfabiishi é, required
controlled operating’condition'in ofdei to achieve
opiimal utilization er ﬁhé;,ﬁriﬁe rmovet -and/or

associated plant and/or apparatus.

Thus, a combinatidn of 1load componehts,frwhiCh
individually may - be of constant or variable

magnitude, may be suitably controlled to present;a

substantiallyicqnstant load to the prime mover.

The prime mover mayrruh‘at subéfantially cbnsténtr
rotational ',speed,j and B 'simultanéously at
substantially, ”chétant pdwerr _output:f despite
variations ;in" individual :fiba§7  céﬁpqnenﬁs.
Accordingly, the fuel cqnsumptionr éndi fheréfore
the combustion rate of fuel burhingiheéting means
may bé,maiﬁtained at é,substaqtall?,éonstanf Valuer

correspondihg to optimal utilization of heat
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energy available in fuel as well as of the power
plant and the connected 1load components as a

complete system.

The power plant may further include a sixth fluid
line or circuit extending from the cooling means
to a cooling system for the electric load and/or
for control means associated with the electrical
generating means and/or the load, the sixth fluid
circuit or line extending from such cooling system
to any suitable point in the fluid system for the
reintroduction into the system of heat recuperated
by recovery fluid flowing in the sixth £fluid

circuit or line in the cooling system.

Normally, the heat recuperated by the sixth fluid
line or circuit will be of a very low grade with
the result that the heated recovery fluid is
likely to 1include a 1liquid component. It is
therefore preferable for the sixth £luid line or

circuit to return to the cooling means.

It will be appreciated that with the arrangement
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according to the invention, a max1mum recuperatlon

of heat losses and/or of reject heat and/or waste

heat may be effected and the recuperated heatr
returned to the system | to f obtaln max imum
utlllsatlon of the 1ntr1n51c heat energy avallable
in fuel or other medlum or source from whlch

thermal energy';s derlved;

The 1nventlon also 1ncludes w1th1n 1ts scope an
electrical machlne 1nclud1ng tubular, electrlc'
conductors adapted to be connected to a cool ing

fluid circult.

‘ The coollng flu1d c1rcu1t may form part of ‘a

thermo- dynamlc fluld c1rcu1t of a,power plant.

For a clear 'understandingefof Vthe invention,

preferred embodlments w1ll NowW . be descrlbed purely
by ~way of example w1th reference ;kto' the

accompanyingidraw1ngs in whlch;e

Figure 1 is a diagrammatic circuit diagram of a

constant power output;,closed cycle, thermodynamic
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turbo—-electric power ©plant according to the

invention.

Figure 2 is a sectional view of an aspirator in

the fluid circuit of the power plant of figure 1.

Figure 3 is a diagrammatic sectional view of the
dynamic compressive condenser means of the power

plant of figure 1.

Figure 4 is a diagrammatic sectional
-
representation of an A.C. alternator with tubular

stator windings, of the power plant of figure 1.

Figure 5 is a diagrammatic representation of the

stator windings of the alternator of figure 4.

Figure 6 is a diagrammatic circuit diagram of a
variable power output, closed cycle,
thermodynamic, turbo-electric power plant

according to the invention.

Referring first to figures 1 to 5, the power plant

comprises heating means A; thermodynamic turbine
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B Wthh is- located in a coollng chamber, eleétric
alternator ,C whlch 'ie' located:;in,'aa fexternal
cooling eompartment,fie'piOVided ﬁithfaa internal
cooliné compaftﬁene'ana7is}dfivia§ly:eoupled to
turbine  B; 'comprésset ﬁ{wﬁiehris alsq dri?inglyr
coupled to turbine,B; compreesive eoadenser'means
E; expansive evaporatlon coollng ‘means F- and - a -

load G for the alternator C.>

- The power plant also. 1ncludes a plurallty of fluid

lines or c1rcu1ts for conveylng worklng flu1d and

heat” recovery- fluld”~as 'w1ll be descrlbed -in

“ greater detail below. -

First flUld llne l comprlslng portlone la, lb lc
and ld,'extends from outlet 2 from the coollng
chamber of turblne B th:cughrrpump '33, through
heatlng:means,A,’through'meiSture trapping vessel

50, through aspirators 13 and}l7;;aaaicbmmunicates

- with a'high'pressureainlet 3ainto7turbine B. A&

second fluid line 4¢compfiSing pbttignsi4a, 4b and
'4c,_eiten§stfﬁcm'lowfpréSsure;bd;let'S;from'prime
mover B through' combining - vessel ‘51, through

condenser E ana,éommqaicates withrinlet;srinto the
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cooling chamber of turbine B, Third fluid line 7
branches off from second fluid line 4 downstream
of condenser E at 8 and communicates with cooling
means F through a reservoir 9 for working fluid,
such as freon. Fourth fluid line 10 comprising

portions 10a, 10b ...10h, extends from the bottom
of the chamber 52 of cooling means F, through pump
32, through the tubular stator windings 12 and the
external cooling compartment 11 of alternator C
(figures 4 and 5), through evaporator vessel 53,
liquid trap 54, compressor D, the upper region 52a
of the chamber 52 of cooling means F, and through
aspirator 13 (figure 2) to first £luid 1line 1.
Aspirator 13 is located in a position between
heating means A and turbine B and is operative to
aspirate fluid from the fourth £fluid 1ine 10 into

the first fluid line 1.

Heating means A comprises annular boiler chamber
26 in which liquid working fluid can be heated by
fuel burner 27. Heating means A further includes
in its flue a heat exchanger tube 5% which is

connected in first fluid 1line 1 and acts as a
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preheating Stége7 for' liquid' inj boilér 26;
Preheated:liq;iid m'w-;ng— fﬂr,dmf-- p'reneafiér tube 59
enters boiler Chambé:i26 pan§énti§lly;thards,its
lower end'atféo, the tanééntiélféntfyriﬂfd boiler

chamber 26 serving to enhance ‘circulation and

 heating of the working fluid in'béilerrbhamber'26.

Heating means A"fﬁrther;;indludeskréuéérheating
heat exch&ngér tube 287whiéh cdmﬁﬁniéétésrwith the
upper end éf'bpi¥er ChambefJZGVat diaﬁetricaliy
opposite - zones ,61a}j GIp.,  _Tube7 28 ;acts as é
superheatgr,ana #onQeys héa;éd working £lqid in
gaseous form ffém:thé upper‘end of'boilér chamber
26 and éownrthe?b0£éiéffénhular;bbiler chamber 26,
thereby Eo’qause'supééhegtiﬁg 6f'thQVWOrking fluid
by heat ffoﬁrrfuel bhfnéfi'éﬁii Iti'will ,be

appreciated “that preheater 59,7 boiler chamber 26
and superheatéf728'ﬁbrﬁgréért;of'thé'firéﬁrfluidr

circuit 1.

As illustrated diagrammatiqally,ih,iigﬁre 4, the
stator windings lZ'ofialtérnatbr'C;cOﬁprise,hqllow
electrical ‘conductors - ofﬂ;tubulérff¢onfiguration

which constitute an interﬁal cQoling compartment
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or compartments within the alternator C, such
cooling compartment being in communication with
the external cooling compartment 11 surrounding
alternator C. Both the internal and external
cooling compartments are connected in circuit with
the fourth fluid line 10 between portions 1l0c¢ and

104d.

Where the stator windings 12 of alternator C
comprise star connected, 3-phase windings, the
fourth fluid line 10 may be connected at 10x to
the interconnected star-point of the tubular
windings as shown in figure 5, outer ends l2a of
the windings opening directly into the interior of
the external cooling compartment 11 which has an
outlet 1lla communicating with the fourth £fluid

line at 10y.

The external cooling compartment 11 of alternator
C communicates with the evaporator vessel 53 which
communicates with an intermediate pressure side of
compresser D which, in turn, is 1located in the
fourth £fluid 1line 10 between alternator C and

aspirator 13, so that during operation a 1low
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pressure atmosphereiis,created in:theiupper regiohr
53a of evaporator vessel 53 to evaporate heated
cooling £fluid passing from alternator € and to
draw the resultant vapour through,compressor D and
through the upper reglon 52a of- the chamber 52 of
evaporator coollng, means 'Fr whlch,;is: in rfree
communication w1th the: suctionf'ihiet 15 of

aspirator 13.

As shown in figure 2, 'aspirator;xl3p_compriSes :
tubular,bodvfl4 whichris'oonnecteoiih the,first
fluid 1line portioh—rld.ri ’Tubuiar body 14 is
provided with a conStrictionrl4a:ihteruediate its
ends and a constrlcted hlgh pressure 1nlet l4b.
High pressure fluld flow1ng along the first fluid
line 1 passes  through tubularr_body, 14 at
accelerated velocity; ;Aspiratorf 13 ris 'aiso
provided witha:a:rsuction ,;nrétr 15 which is
conhected to theifourth fluidilihe portion iOh; 'A
flow' of high pressure' working fluid' through
tubular. body 14 asplrates recovery fluld Wthh is
at lower,pressure, from the fourth fluld line 10
into the first fluid line,l'andrinto’the working -

f£luid flowing along the first f£luid line 1.
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Dynamic compressive condenser E 1s operative to
condense condensable gaseous and/or vaporous fluid
passing from the low pressure outlet 5 of turbine
B and through combining vessel 51 along second
fluid line 4, by compression produced by kinetic
motion imparted to the condensable fluid and by

accompanying cooling.

The condenser E used in the plant of figure 1 is
shown in full lines in figure 3, The additional
parts shown in chain dotted lines may be added for

the plant of figure 6.

As shown in figure 3, condensor E comprises a

tubular body 20 which is adapted to be connected
in the second fluid line 4 and which includes a
constricted zone 20a intermediate its ends. Body
20 is provided with a first axially directed inlet
nozzle 2la adapted to communicate with the
combining vessel 51 in line with the low pressure

outlet 5 from turbine B and has an outlet 21b

20 adapted to communicate with branch point 8,
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Condensor E also includes second axially directed
inlet 22 located within first inlet nozzle 2la and

adapted to communicate Viafa'fifthfﬁ&did line 23

‘with the first £luid line 1 at 24 through liquid

_trap 50 in a position between the heating means A

and aspirators 13, 17. Condéﬁser E further

includes a third iﬁlet 25 into the zone around the

first inlet Zla'upstreémjof,the constricted zone

20a of body 20. Third inlet 25 is adapted to

communicate with the lower portion 52b of the

chamber 52 Qf,cooling'stage F Via,pdrtions 10a and

rrlda'of the foufth fluidiline 10 and connecting

fluid line 62a.

High preséufe' fluid flbwr'intO 'body7720 ’thfough
second inlet :é2r'aspifa£§srrcogdénsabler fluid
passing'ffom'the l@w;?:eSsure ohtietVS bf turbine

B, througﬁrfthe:;combining  #é§sél '50 and into

tubular body 20 through its firsﬁrinletrend‘Zla.

"Accelerated' kinetic motion is imparted to the

condensable fluid in—codétriéted'ZOQe 20a of body

20 and the directional; kinetic motion of the

condensable fluid is converted into a pressurised
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condition in the enlarged zone 20b beyond
constricted zone 20a, thereby to compress and

condense the condensable fluid.

Cooled fluid from cooling means F 1is introduced
under pressure by pump 32 along the portions 1l0a,
10a of the fourth fluid 1line 10 and along
connecting line 62a into the body 20 in the zone
around first inlet 2la through the third inlet 25,
thereby to cool and further to compress by kinetic
motion the «condensable £fluid passing from the

outlet 5 of turbine B.

As shown in figure 3, tubular body 20 is provided
with an outlet 67 in the constricted zone 20a and
with an enclosure 68 around the constricted zone
20a and outlet 67, Liquid passing through
constricted zone 20a, particularly during starting
up oflthe plant, can drain through outlet 67 into
enclosure 68 and from there through outlet 69
which is provided with a flap-type non-return
valve 70 adapted to permit the outflow of liquid

from enclosure 68 but does not permit an inflow of
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fldidrintdrendloéure 68, '

In'opetation bf:the'powerrplant}:affirst portion

of condensed flﬁid which péSSeéiffom'condehser E,
constitutes a working fluid which flows from
branch poiht 8 aléng;thérsechd fluid line portion

4c into the cooling réhamber';ofrrturbiné B which

'acts as alpféhéating'stage'Which imparts'heat to

the working_fluid dufing therprOCeSS'ofrthe latter

acting to cool the turbine B.

- In orderfto maintaih'a'predetérminedrliquid level

in boilérr2§; prehéated working,fluid:iS'pumped'by

" speed controlled,pumpVSB;from theréopling'chamber

of turbine B along thé,fifstifluid line portions
la,éﬁd'lb tp'thé pfe—héétiné_stagé'SQ,of heating

means Arwhich is connected  in the first fluid line

1 and inVWhicﬁ'the wdrkingrfluia is heated further

in thé flue,of'the heatingyﬁeans'Aiby means of hot
waste 'gaSes,ﬂbf combustion 'frbm,'fﬁel burner 27.

Thereafter the workingrfluid is heated to a -
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required operating temperature by fuel burner 27
in boiler 26 and superheater 28 which is also
connected in the first fluid line 1. The working
fluid 1is heated to its operating temperature by
the combustion in burner 27 of any suitable fuel

supplied to it from fuel reservoir 29.

The heated working fluid flows from superheater 28
along the first fluid 1line portion 1lc, through
moisture trapping vessel 50 and through aspirators
13 and 17 into turbine B through its high pressure
inlet 3 to rotatably drive the turbine in

conventional manner.

Condensable fluid in gaseous and/or vaporous form
flows from turbine B through its low pressure
outlet 5, through combining vessel 51 and along
the second fluid 1line portion 4b to compressive
condenser E where it is condensed to restart the

operating cycle for driving turbine B.

Combining vessel 51 is connected by return line 55
through control valve 56 to the suction inlet of a

further aspirator 17 which is similar to aspirator
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13 and whlch 1s connected in- parallel with
aspirator 13 in the flrst fluld llne portlon 1d 1n7
a position between m01sture trapplng vessel 50 and
turbine‘Bf:,Lon pressure condltlons'arercreated in

combining vessel 51 By furtheriasPirator 17 which

is operative'underrthe influence of high pressure

f£luid flowing alon’g' the first fluid line 1 to

asplrate part of the condensable exhaust fluid

'pass1ng from. turblne B through low pressure outlet

5, from comblnlng vessel 51, along fluid return
line 55, through Control valve ‘56 and directly
back into the first fluidlline,]; for return to

turbine B.

Branch line,57ﬂconnects7thetportion'4c ofisecond
fluid 1line 4 through; control valve 58 to the

interior of cOmbining vessel'Sl . The'lOW pressure

- conditions created in comb1n1ng vessel 51 causes

small quantltles of condensed llquld “to be drawn
from second fluld llnerportlon 4c:1nto,comb1n1ng
vessel 51 from where'it’israspirated together with
part of the. condensaole turbine ,exhauSt 'fluid

along return line755 by”aSplrator 17 and into high
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temperature, superheated working fluid flowing to
turbine B along £fluid 1line 1. The condensed
liquid evaporates in first fluid line 1 and

increases the £fluid volume flow into turbine B
even if the temperature of the working fluid is
reduced slightly. The rate of flow of condensed
fluid into combining vessel 51 may be controlled
by means of valve 58 and the rate of aspiration
of condensable turbine exhaust fluid and/or
condensed fluid from condenser E into fluid line 1

through aspirator 17 may be controlled by means of

valve 56.

Turbine B is mechanically coupled to compressor D
and alternator C so that upon rotation of turbine

B, it rotatably drives compressor D and alternator

C.

A second portion of condensed fluid which passes
from condenser E, constitutes a cooling or
recovery fluid and flows from branch point 8, to

fluid reservoir 9 and from there along third fluid
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line 7 into,the lower'région'52b of the chamber 52

of cooling means F.

A flow of highrpreSSure working:fluid along thé
first fluid'linerl through aspira;orrl3, causes
aspiration of,ﬁlﬁid along fburthrfluid line |

portion 10h froﬁ “the ubperi tegion 52a of - the
chamber 52 of cooling means E,rtheréby to create
low pfessure conditions in chamber 527and'cause

evaporative cooling ofithe fluid.',

Part of thercoolédrfluid £ lows uﬁqerrpressure of
pump 32,from'the lower;region of cooliné means F,
along' fourthirfluid',line pértioﬁs lQé, "10b and
along conneétingrrline, 62a, to the inlet 25 of
condenser E for the ;coqling and - compreésive
condensation of céhdensable éxﬁaust fluid passing

from turbine B , as described above.

Another part'of'the cooled fluid flows along the

fourth f£luid line portions 10a, 10b and 10c,

through - the hollow stator windings 12 and the

external cooling compartment'll of ~alternator C,
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through evaporator vessel 53, along fourth fluid
line portion 1l0e, through 1liquid separator 54,
along fourth fluid line portion 10f to compressor
D and from there passes freely through the upper
region 52a of cooling means F, along fourth £fluid

line portion 10h to aspirator 13.

During the process of cooling alternator C, the

recovery fluid absorbs low grade heat losses
developed in the alternator and the recovered heat
content causes evaporation of recovery £fluid in

evaporator vessel 53.

Low pressure conditions are created in the upper
region 53a of evaporator vessel 53 by suction
along fourth fluid line portions 10e, 10f, 10g and
10h from the. aspirator 13 which is connected in
circuit with cooling means E and compressor D.
This suction causes aspiration into the first
working fluid line 1, of vapour which is produced
in the upper region 53a of evaporator vessel 53 by
the heat content of recovery fluid contained in

the lower region 53a of evaporator vessel 53.
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The recovery fluid also absorbs low grade heat
generated by 'meChanical 'WQrk' péfformed during

compreSsion,infcompressor:D;ﬂrThe low grade heat

rabsorbedrby the]recovery flui& is introdUced into

the heated'working fluid flowing alohg the first
fluid line 1 by thé,in;roductibn,ofitherréCOvery
fluid into the first fluid line 1 through

aspirator 13.

VOther,low gréde'waSte heat and/or low grade reject

heat and/or random heat losses in the power plant

or associated apparatus rmay' be reCuperated byr
recovery -£luid and intfodqced iwifh,:thé recovery
fluid from fourth fluid:line iQ thrbugﬁfaspirétor
13 into heated rworkiﬁg:ifiuidr flbwing  alohg: the

first £luid line 1 as described above.

Thus, low grade ,Heat loss in the beérings of
turbine B'ahd/br compréSSQEVD and/br'alterhator'c
may be répovéred'bj pfo&iding'héatrexchanger763
having a éoil 63é”wﬁich isrcohnécted in a closed
0il circulatiﬁg,,circuit 564. ,; Heated oil from:

bearing hou$ingsr 37 is pumped by pump 65 ‘along
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fluid line portions 64a, 64b of the o0il circuit
64, through heat exchanger coil 63a, where the oil
is cooled by cool recovery fluid. The cooled oil
then flows along fluid line portion 64c to header
tank 66 and from there through oil filter 71,
along fluid line portions 64d and back to bearing
housings 37. Cool recovery fluid for cooling the
0il in heat exchanger 63 flows from point 46 in
the fourth fluid line 10, along portion 47a of a
sixth fluid line 47 which will be described below,
along branch line portion 72a and through heat
exchanger 63 where the recovery fluid absorbs low
grade heat. Heated recovery fluid £flows along
branch line portion 72b into the lower region 53a
of evaporator vessel 53 which is connected in

fourth fluid line 10.

Heated recovery £luid £from heat exchanger 63
entering evaporator vessel 53 adds recovered heat
to recovery fluid in evaporator vessel 53. Heated
recovery fluid which is now in vaporous form, is
passed from evaporator vessel 53 along fourth

fluid line portion 10e, through non-return valve
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73, through liquid . separatbr - 54,  through

' compressor D and freely through the upper region

52a of chamber 52 of cooling means F and along
fourth fluid 1line portion 1l0h for 'intrQGUétion'

into the first fluid line through aspirator 13.

As shown in figdre 1, alternator C is electrically

connected through rectifier 39 to load G which

cohpfises D.C.  motor 40 éﬁd VStbrage batterYf,4l
which are connected inri§eries, with each othér.
The series arrangement of motor 40 and battery 41
are connected”tthrough;7gaté"méans, 42 to"moﬁorr

torque control means 43. .

Speéd c0nt;olrméaﬁsV44ris'érbVidéd for'regulating
the electfical' :oﬁﬁpﬁt'  ofr :alternator, c by
controllgd ,variatiqn'rqf ,;hé magnituder Qf the
electriéal load”imesed on ai£erﬁator C; theféby
to regulate rrapidly  to a:rgdnstant vaiue ,£he
running épeed Qf 'the tufbbielécﬁfiC'runit. .. The
electrical loéd iméoééd on'thé'éltéfnatbr C may be
varied by varyingitheriﬁput'p0wetrto battery 41

which is alsofconhedted%fo'motbr;40. 7It will be

appreciated Vthatrlthe load G forms part of the
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turbine speed control system,

Additionally or alternatively, the speed of the
turbo-electric unit may be regulated with a
certain reaction time delay by arranging for
control means 44 also to regulate the operation of
fuel control valve 45 of heating means A 1in
accordance with the state of charge of storage
battery 41, thereby to regulate the supply of fuel
from reservoir 29 to burner 27 and thus the heat
input to the working fluid in heating means A by

burner 27.

Turbine B may thus be controlled to run at
substantially constant rotational speed and

simultaneously at substantially constant power
output despite variations in the 1load on the
storage battery 41. The fuel consumption and
therefore the combustion rate of fuel can thus be
maintained at a substantially constant value

corresponding to an optimal utilization of the
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power plant and the connected storage load as a

complete system.

Low grade waste heat and/or low grade reject heat
and/or random heat losseé from rectifier 39, motor
40, Dbattery 41, gate means 42, motor torque
control means 43 and speed control means 44 may be
recuperated and reintroduced into the system by
passing recovery fluid from the fourth fluid line
10 at point 46 in fluid line portion 10c, along a
sixth fluid circuit 47 and through the cooling
units 39a, 40a, 4la, 42a, 43a and 44a respectively
for these components which constitute a cooling
system H. Normally, the heat recuperated in the
cooling system H is of a very low grade with the
result that the heated recovery fluid is likely to
include a 1liquid component, In order to avoid ér
minimize erosion by liquid in the cooling SYStem
of alternator C and in compressor D, the heated

recovery fluid from cooling system H is returned
along sixth fluid line portion 47b into the upper
region 53a of the evaporator 53 where Separation

of vaporous and liquid components of the recovery
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fluid takes place. The vaporous component is then
extracted along fourth fluid line portion 10e for
introduction through liguid separator 54,
compressor D, the upper region of the chamber 52
of cooling means F, along fourth £fluid line
portion 10h and through aspirator 13 into the
first fluid 1line 1. The liquid component
discharged into evaporator vessel 53 is subjected
to an overall heat extraction effect under reduced

pressure conditions.

Many variations in detail of the power plant of
figure 1 1is possible without departing from the
scope of the appended claims. Thus, under certain
circumstances compressor D may be omitted, or may
be replaced by an expander or by additional

aspirator units similar to items 13 and 17.

A fuel pre-heater 74 may be provided in heating
means A in the fuel supply 1line 75 from fuel
reservoir 29 to fuel burner 27. As a safety

feature, a normally open, electrically operable,

emergency fuel shut-off valve 76a may be provided
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in fuel supply line 75.

For rapid starting of the power plant, an outer

annular boiler chamber 77 with an electric

immersion heating element 78, may be provided

round boiler chamber 26 of heatingrmeans A. A
normally open starting switch 79 in an electric
supply circuit to immersion heating element 78 is
closed to energise heating element 78 and cause
evaporation in chamber 77 of 1liquid introduced
from evaporator vessel 53 along fluid 1line 88.
Closure of starting switch 79 also étarts pump 32
in fourth £luid line 10 to fill at least partially
the evaporator vessel 53, start—-up boiler chamber
77 and also main boiler chamber 26 élong fluid
line portion 62a, through condenser E; along £fluid
line portion 4¢, through the coolihg chamber of
turbine B and along f£fluid line_ portions la and
1b. Closure of starting switch 79 also causes
ignition of fuel burner 27 to heat Working fluid

in main boiler chamber 26.

A build up of vapour pressure in start-up boiler

chamber 77 when the liquid therein is heated by

A
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heating element 78, causes closure of non-return
valve 89 in the bottom of boiler chamber 77 and of
non-return valve 73 in fourth fluid line portion
10e, thereby to supply vapour under pressure along
fluid 1line 80, through 1liquid separator 54 and
along fourth fluid line portion 10f to compressor
D which acts as an expander, thereby to rotate
compressor D. Rotation of compressor D causes
rotation of turbine B to draw heated working fluid
for driving turbine B, from heating means A along
first fluid line portions 1lc and 14 and into the

high pressure input 3 of turbine B.

Moisture trapping vessel 50 in first fluid line 1
also serves as an emergency pressure equalising
chamber, as well as an emergency condensing
chamber in the event of a loss of full load.
During emergency run-away conditions, fuel
shut-off wvalve 76a closes the fuel supply;
normally closed valve 76b opens to cool the
superheated working fluid with cooling liquid from
cooling means F flowing along fourth fluid 1line

portions 10a, 10a and branch line portions 62a,
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62b; and normally closed valve 776c opens to
discharge the emergency condensate and cooling
ligquid. The high and low pressure sides of
turbihe B are accordingly equalised and the
residual heat is dispensed in the cooling system.
Under normal operating conditions the collected
moisture level cannot rise above the opening in
vessel 50 at point 24 which communicates with the

fifth fluid line 23.

As described above, combining vessel 51 may be
utilised in conjunction with wvalve 58 in branch
line 57 to adjust the turbine operating
temperature and flow conditions, byr introducing
small quantities of 1liquid through aspirator 17
into first fluid line 1 to adjust the degree of
supérheat or dryness of the working gas or
vapour., This also provides means for improving
the efficiency of enerqgy conversion by introducing
flash wvapour droplets into the superheated £luid
in first f£luid 1line 1 via the aspirator 17 to

increase the volume flow through the turbine.
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Another way of looking at this procedure is that
it represents a method of adding low grade heat at
the highest possible temperature, namely at
superheat temperature and not at boiling

temperature.

Heater exchanger 63 in the 0il circulation circuit
64 may comprise a counter flow heat exchanger.
This heat exchanger has the advantage that it

completely isolates the o0il from the recovery

fluid to avoid o0il contamination of the latter.

The header tank 66 in the o0il circulation circuit
64 accumulates a small reserve of o0il so that
short term failure of oil pump 65 can be tolerated

without damage to the bearings.

Evaporator vessel 53 also acts as a liquid trap
and provides low grade heat recovery via fourth
fluid line portions 10e and 10f and compressor D,
the vapour thereby doing positive work on the way

to the main evaporator constituted by chamber 52

20 of cooling means F.
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During normal operation valve 82 is opened
slightly to recover heat along fluid line 80 from
outer boiler chamber 77 which then serves as a

shielding jacket round heating means A.

5 Fuel control valve 45 of fuel burner 27 may be
fitted with a small servo-motor 83 to allow
automatic adjustment of control valve 45 under thé
influence of speed control méans 44 of alternator

C.

10 Pump 33 in first fluid 1line 10 may also be
provided with a servo-motor controi 84 which is
operated under the influence of £luid level senser

84a in boiler 26.

Control valve 85 in fourth fluid line portion 10b
15 may likewise be controlled by a servo-motor 86 to
control the liquid leVel in outer start-—up boiler
chamber 77 and in evaporator vessel 53 aé dictated
by float valve 87. The liquid level in evaporator
vessel 53 and in boiler chamber 77 may be

20 controlled by the opening and closing of control



10

15

0026676

- 49-
valve 85 which regqulates the flow of cool
condensed fluid along fourth fluid line portions
10b, 10c and 104 to evaporator vessel 53 and along

equalising fluid line 88 to boiler chamber 77.

Liquid separator 54 may be arranged for
accumulated liquid therein to be Dbled off
continuously through smallr orifice 87 into
evaporator cooling means F. Should the level of
liquid in evaporator vessel 53 rise unduly and
liguid overflow into 1liquid separator 54, the
normally closed magnetic valve 87a will open

fully, thereby rapidly to drain the separator 54

through valve 87a into cooling means F.

Equalising fluid line 34 may be connected across

the suction inlets to aspirators 13 and 17.

Referring now to figure 6, the variable power
output plant illustrated in this figure is in many
respects similar to the constant power output

plant of figure 1 and like parts are indicated by
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like reference numerals in figures 1 and 6.

The plant of figure 6 provides a system for
utilising a dual component working £fluid. This
may have certain advantages. For example, the
problem of chemical dissociation of the freons at
elevated temepratures may be overcdme or at least
minimized by utilising a £fluid componént of
relatively high density which is suitéblg for use
at high teméperatures, which is combined or mixed
with a more volatile fluid compdnent of less
density and a iower evapbration temperature. It
may also be advantageous to separate partially or
wholly the liquid phaser components after
condensation. For this purpose, the separating
compressive condenser means El of figure 6 may be

used.

The condenser means El of figure 6 is identical
to the condenser means E of <figure 1 as
illustrated in full 1lines in figure 3 with the
addition of the parts shown in chain dotted lines

which may replace working £luid reservoir of
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figure 1. The additional parts comprise a pair of
axially extending spiral shaped deflection plates
114 in the enlarged =zone 20b to impart a
rotational movement to condensed fluid emerging
from constricted zone 20a of body 20. The
rotational speed of the condensed £fluid is
increased by the introduction of high pressure
vapour or gas through tube 115 into annular
chamber 116 round body 20. A series of
circumferentially spaced apertures 117 are
provided through the wall of body 20 within
chamber 116 and are disposed as nearly as possible
tangentially with respect to the wall of body 20
so that generally tangentially directed high
pressure jets of vapour or gas are injected into

the enlarged zone 20b of body 20.

The rotation of the condensed fluid separates
centrifically the two <constituent components
(which differ in specific gravity) into a less
dense, more volatile component and a more dense,
less wvolatile component. The more volatile

component passes from body 20 through
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central outlet duct 2l1c which commuﬁicates via
third fluid line 7 with the lower region 1125 of
the first stage compartment 112 of two stage
expansive evaporation cooling means Fl,. VThe motre
dense, less volatile component passes from body 20
through the outer annular zone 21d of outlet 21b,
which is located round central outlet duct 2lc.
Annular outlet zone 21d communicates via second
fluid line portion 4c with inlet 6 into the
cooling chamber of turbine B. The mdre dense,
less volatile «component of the working fluid
passes through the cooling chamber of turbiné B,
through the cooling chamber outlet 2 and is pumped
along first fluid line 1 to heating means Al by

pump 33.

Part of the more dense, less volatile component of
the working £fluid is also contained in tﬁe second
stage compartment 113 of coolingrmeans Fl1 and is
circulated through fourth fluid 1line 10 and any
other heat recovery circuits such as 120 and 121,

as recovery fluid.
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Instead of being fuel burning means, the heating
means Al of figure 6 comprise electric boiler 90
which acts as a preheating stage and electric
superheater 91 adapted to heat the more dense,
less wvolatile component of the working fluid
flowing along the first £luid circuit 1 to a

required operating temperature and pressure,

Vessel 107 serves as a liquid trap in first fluid
circuit 1 and also as an emergency condensor
during overspeed conditions during which normally
closed electromagnetic valve 108a opens to release
pressurised cooling liquid from fourth fluid line
10 along release 1line 109 into vessel 107.
Simultaneously, normally <closed electromagnetic
valve 108b opens to allow condensate to drain
along drainage line 110 through vessel 111 in the
second fluid line 4, and along second fluid line

portion 4b to condenser means El.

The upper region 112a of the first stage
compartment 112 of cooling means F1 communicates

with the suction inlet 17a into aspirator 17 which
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is connected in first £fluid 1line 1 so that low
pressure conditions are created in the upper
region 112a of first stage cooling compartment 112
under the influence of a flow of high pressure
working fluid through aspirator 17 along first
fluid line 1. The more volatile, low density
component of the working fluid in the lower region
112b of first stage cooiihg coﬁpartmentr 112 is
evaporated in the low pressure atmosphere in the
upper region 112a and the vapbur is aspirated by
aspirator 17 into the high pressure,Workihg fluid

flowing along first f£1luid line 1 to turbine B.

The fourth fluid line 10 extends from the lower
region 113b of the second stage compartment of
cooling means Fl, through pump 32 to the external
cooling compartment 11 and tubular stator windings
12 (figures 4 and 5) of alternator C, ‘through the
upper region 113a of second stagé cooling
compartment 113,'through compressor D and through
aspirator 13 to the first f£fluid 1line 1. Low

pressure conditions are created in .- the upper
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region 113a of second stage cooling compartment
113 under the influence of a flow of high pressure

working £f£luid through aspirator 13 along first

fluid line 1.

The less volatile, high density component of the
working fluid and remnants of the more volatile,
low density component which are contained in the

lower region 113 of the second stage compartment
113 of cooling means Fl1 are evaporated in the low
pressure atmosphere in the upper region 113a and
are aspirated by aspirator 13 into the high
pressure working fluid flowing along fluid 1line 1

to turbine B.

The remaining evaporatively cooled fluid in the
lower region 113b of second stage cooling
compartment 113 is circulated by pump 32 as heat
recovery fluid to all the components of the system
where cooling is required and is returned to the
second stage compartment 113. The warm recovery
fluid returning to second stage compartment 113

contains low grade waste heat and/or low grade
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reject heat and/or low dgrade reject heat and/or

random loss heat.

The first stage compartment 112 of the cooling
means Fl includes a heat exchanger fluid circuit
92 for the introdﬁ¢tion of very low grade heat
into the system from an “external source, by
circulating low temperature heated £luid through

fluid circuit 92.

Uﬁder the action of low grade heat flux intfoduced
through heat exchanger 92, the moré volatile; low
density component of thé workihg fluid is caused
to vaporise by virtuerrof the low pressure
conditions prevailing inr the first stage
compartment, thereby releasing the more volatile
component of the condensate. The less volatile,
more dense component of the working fluid returns
to second stage compartment 113 since all the
cooling return linés (i.e. the heat recovery
return 1lines) communicate with second stage
compartment 113, The interiors of the first and
second stage compartments 112 and 113 are in

communication with each other via aperture 114 in
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the lower region of the partition between the two
compartments. This allows a liguid interchange to
a limited extent, whereby the liquid levels in the

two compartments may equalise to some extent.

0il chamber/s 37 is/are connected by oil line 64,
through o0il circulating pump 65, heat exchanger
63, header tank 54 to form a closed oil circuit.
Fourth fluid line 10 supplying pressurised cooling
fluid at point 94 is <connected to the heat
exchanger vessel. Vaporised fluid is extracted at
point 38 for return to second stage cooling
compartment 113 along fluid line portion 72b. The
electric loads Gl which are connected to
alternator C by leads 95 comprise electric boiler
90 and electric superheater 91 of heating means Al
and also battery 41 and electric heater 96 of
thermal accumulator 97. Battery 41 is connected

to alternator C through rectifier 39,

Thermal accumulator 97 further comprises a fluid

tight casing 98 within which is contained a mass



10

15

20

0026676

- 58~
99 of glauber salts, fused eutectic materials or
any other suitable material which has the
characteristic of being able to store and release
heat in a manner which may be controllable by
variation of pressure applied to the material.
A conduit 100 with a control valve 101 is provided
for introducing into and releasing from the
interiorrof casing 98 a fluid under pressure in
order to control the accumulation and release of

heat by the mass 99 of glauber salts or the like.

Thermal accumulator 97 further includes a heat
exchanger fluid circuit 102 which is located in
the mass 99 of glauber salts or the like and is

connected in the first £luid line 1 between the
hot outlet 2 from the cooling chamber of turbine B

and the heating means Al,

During operation of the power élant of figure 6,
electric output from alternator C is utilized to
controllably energize electric boiler 90 and/or
superheater 91 of heating means Al through

semi-conductor control relements 104 and 105
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respectively, and also to charge Dbattery 41
through controlled rectifier 39. Electric output
from alternator C is also controllably applied to
energize electric heater 96 of thermal accumulator
97 through semi-conductor control elements 106,

thereby to heat the mass 99 of glauber salts or

the like.

By means of control valve 101, the fluid pressure
on the mass 99 of glauber salts can be regulated
as regquired to control the accumulation by the
mass 99 of heat supplied to it by electric heater
96 and the release of accumulated heat by the mass
99 to working fluid flowing in the first fluid
circuit 1 as it passes through the heat exchanger
fluid circuit 102 of thermal accumulator 97. The
working fluid which flows along the first fiuid

line 1 and which has been preheated in the cooling
chamber of turbine B, can thus be preheated
further in thermal accumulator 97 in a controlled
manner according to requirements, on the way to
heating means Al where it is heated further to a

required operating temperature.
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The power plant of figure 6 is not controlled for
constant power output from the turbine Bror the
plant as a whole. The rotational speed of the
turbo-alternator is regulated to a constant value
by controlled power absorption in storage battery

41 and/or in thermal accumulator 97.

An electric power output from the plant can be

obtained along lead 103 connected to battery 4l.

The power plant of figure 6 is 'largely self
sufficient in regard to its energy requirements
and whatever extraneous energy it requires to
maintain the operational cycle may be supplied as
low grade heat energy via the heat ekchangér fluid
circuit 92 in the first stage compartment 112 of

cooling means Fl.

Many variations in detail are possible without

departing from the spirit of the invention.

The invention includes within its scope dynamic

compressive condenser means including a tubular
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body provided with a constricted zone intermediate
its ends; a first inlet for condensable fluid
located in the interior of the body in the
proximity of the constricted zone; and a second
inlet located within the first inlet, fluid flow
into the first inlet through the second inlet
being operative to aspirate condensable fluid into
the tubular body through the first inlet and
impart Kkinetic motion to the condensable fluid in
the constricted =zone, the kinetic motion being
converted into a pressure condition in an enlarged

zone in the body beyond the constricted zone.

The first inlet into the tubular body may comprise

an axlally directed inlet nozzle.

The second inlet into the tubular body may also

comprise an axially directed inlet nozzle located

within the first nozzle.

The tubular body may include a third inlet for
cool fluid into the zone about the first inlet, a
flow of cool fluid into the body through the third
inlet being operative to cause cooling and further

compression by kinetic motion of condensable fluid
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within the body.

The body may include an outlet for 1liguid. The

outlet may be located in the constricted zone.

An enclosure may be provided around the outlet.
The enclosure may include an outlet and a
non-return valve operative to permit an outflow of
fluid from the enclosure but prevent an inflow of

fluid into the enclosure.

The invention also includes within its scopé fluid
heating means including an upright cylindrical
boiler chamber adapted to be heated; and a
tangential fluid inlet into the boiler chamber in

a lower region thereof.
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CLAIMS:

le

A method of operating a closed cycle power
plant including the steps of heating a
working fluid to an operating temperature;
and utilizing a flow of heated working fluid
to drive a thermodynamic prime mover and
thereby to drive associated plant;
characterised in that low grade waste heat
and/or low grade reject heat and/or low grade
random heat losses from the prime mover
and/or associated plant and/or other
associated apparatus is utilized to heat a
recovery fluid; and heated recovery fluid is
introduced into heated working fluid flowing
to the prime mover in a position upstream of

the prime mover.

A method as claimed in claim 1, characterised
in that the recovery fluid comprises a fluid
which is physically and/or chemically
different from but compatible with the

working fluid.
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A method as claimed in claim 1, charaqterised
in that the recovery £luid is déri?ed or
extracted whollyr or partially from the

working fluid.

A method as claimed in any one of the
preceding claims, characterised -in that the
heated working fluid is at a higher

temperature and- preséure than the heated

.recovery fluid and a £flow of the heated

working fluid is wutilized to aspirate the
heated recovery fluid into the heated working

fluid.

A method as claimed in any one of the
preceding claims, characterised in that at
least part of the condensable fluid passing
from the prime' mbvef is condensed Dby
compression produced by kihetic motion

imparted to the cohdensable fluid.
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A method as claimed in claim 5, characterised
in that part of the condensable fluid passing
from the prime mover and/or at least part of
the condensed fluid is introduced into the
heated working fluid in a position upstream

of the prime mover,.

A method as <c¢laimed in claims 5 or 6,
characterised in that at least part of the

condensed fluid is utilized to cool the prime

mover.

A method as claimed in <claims 5 to 7,
characterised in that at least part of the
condensed fluid is cooled by expansive

evaporation.

A method as <claimed in any one of the
preceding claims, characterised in that at
least part of condensable fluid passing from
the prime mover and/or at least part of
cooled condensed fluid constitutes or
comprises recovery fluid for recuperating low
grade waste heat and/or low grade reject heat

and/or low grade random heat losses.
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A method as claimed in any one of the
preceding claims, characterised in that the
operating speed and/or thé power output of
the prime mover is controlled by regulating
the magnitude of a load applied to the prime
mover and/or by regulating the heat input to
the working £luid and/or by introducing
condensed fluid into heated gaseous Or
vaporous working fluid upstream of the prime

mover.

A method as claimed in claim 10,
characterised in that the operating speed and
the power butput of the prime mover is
controlled to substantially constant values,
the prime mover and associaﬁed plant
comprising a turbo-electric Unitx including
electric generating means adapted to feed
into a load, the load applied\tb the electric
generating means and/or the heat input to the
working fluid being adapted to be regulated
in accordance  with the speed and/or

electrical output of the generating means.
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A closed cycle power plant characterised by
heating means; a thermodynamic prime mover; a
cooling chamber in and/or round the prime
mover; electric generating means drivingly
coupled to the prime mover; a cooling chamber
in and/or round the generating means;
condenser means; cooling means; a first fluid
line or circuit extending from an outlet from
the cooling chamber of the prime mover
through the heating means and communicating
with a high pressure inlet into the prime
mover; a second fluid 1line or <circuit
extending from a low pressure outlet from the
prime mover through the condenser means and
communicating with an inlet into the cooling
chamber of the prime mover; a third fluid
line or circuit branching off from the second
fluid 1line or «circuit downstream of the
condenser means and communicating with the
cooling means; and a fourth fluid line or
circuit extending from the cooling means to
the cooling chamber of the generating means
and from there to the first fluid 1line or
circuit in a position between the heating
means and the ©prime mover; and means
operative to introduce fluid from the fourth
fluid line or circuit into the first fluid

line or circuit.
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A power plant as claimed in claim 12,
characterised in that aspirator means is
provided to aspirate fluid from the fourth
fluid line or circuit into the first fluid

line or circuit.

A power planp'as claimed in claim 12 or 13
characterised by a branch 1line ror circuit
which communicates with the secdnd'fluid line
or circuit in a position between the
condenser means and the cooiing rchamber of .
the prime mover and is adapted to communicate
directly or indirectly with the return line
to permit condenéed fluid to be introduced
into the first fluid line ahead of the prime

mover.

A power plant as claimed in any one of claims
12 to 14, characterised in that the cooling
means comprises expansive evaporation cooling

means.

A power plant as claimed in any one of claims
12 to 15, characterised in that the condenser
means comprises dynamic compressive condenser

mneans.
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A power plant as claimed in claim 16,
characterised in that the compressive
condenser means comprises a tubular body; a
first inlet into the body communicating with
the low pressure outlet from the prime mover
via portion of the second fluid 1line; a
second inlet into the body communicating via
a fifth fluid line with the first fluid line
in a position between the heating means and
the prime mover, £fluid £flow through the
second inlet being operative to aspirate
condensable fluid passing from the prime
mover through the first inlet into the
tubular body and to compress such condensable
fluid by converting its directional kinetic
motion into a pressurised condition; and
a third inlet into the body communicating
with the cooling means, cooled fluid
introduced under pressure through the third
inlet being operative to cool and further to
compress by kinetic motion the condensable

fluid passing from the prime mover.
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A power plaht,i as claimed i,in claiﬁ,
17, chéracﬁeriSed'in that the tubular body
includes means oOperative centrifically to
separate'condenséd fluid cqmprisihg at leastr
twd components of different. denéity and
volatility inﬁo its componénté}randrat least
two outlets, the one oﬁtlet béingVCOnnectéd

to thé second fluid line orrhgiréuit and

operative to pasé a mbre 'denser'énd' less

volatile compbnént; aléng the sécond £luid

line to the inlet into the cooling chamber of
the prime'mover'and the ofher putlet being
connected to the third £luid rline and
operative tb pass a 'leés, dense and rmore
volaﬁile component along the third'fluid line

to the cooling means.

A power plant as claimed in,any'one of ciaims

12 to ,718, including - a load which is

‘electrically connected to the output of the

electric generating meahé3 characterised in
that the load includes and/or constitutes an

energy storage or accummulator system.



10

15

20.

21.

22.

23.

0026676

A power plant as claimed in any one of claims
12 to 18, including a load connected to the
output of the electric generating means,
characterised in that the load comprises an
electric motor and/or energy accummulator

means and/or power conversion means.

A power plant as claimed in any one of claims
12 to 20, characterised by control means
operative to regulate the operating speed

and/or the power output of the prime mover.

A power plant as claimed in claim 21, wherein
the control means is adapted to vary the heat
input to working fluid flowing along the

first fluid 1line.

A power plant as claimed in claim
21 characterised in that the control means is
adapted to vary a load on the prime mover in

accordance with the output of the generating

means.
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An  electrical machine = characterised by

tubular eléctric, conducﬁbré,'édapted to be

connected to a cooling fluid circuit.

‘Dynamic - compressive ~ condenser means,

chafacﬁeriséd by'a tdbu1ér b66y'pfo?ided with
a:constricted zéne,intefmeaiéte its ends; a
first inlet for EOndeqéaﬁle fluid located in
the interipr;of the'boay,ihrthe proximity of
the constricﬁed 7zoné;7' ,é ;secoﬁd inlet
ldcéiea' within;'the fi;sﬁriinlet;',fluid :flow

into the fifst}iﬁ;etrthrOQghftﬁé secoﬁd inlet
béiné operatiyé td aSpifate,cohéensablé fluid
into,thertubular bédyithtoUgh thérfirst inlet

and impart kinetic motion to the condensable

fluid in the constricted zone, the kinetic

motion being converted into a pressure
condition in an enlarged zone in the body

beyond the constricted zone.

Cdﬁdénséﬁ Vmeané aé Ciéimed, in cléim 25
characterisedi inifthgtrjthe ,ﬁubular' body
ihcludes :rméans"'pbérativér to separate
cbhdénséd fluid,cdmpriSiﬁértwo components of

different densities ‘into its components; an

- outlet from the body for the less dense
component; - and a further outlet for the more

dense component.
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