H GH EFFI Cl ENCY THERVAL ENG NE The present invention relates to a high
efficiency 5 thermal engine, of the general turbine engine type, whose
power falls within the range from 10 watts to approximately 1 kW that is
to say up to the upper limt for the field of ultra mcro turbine engines.
10 Such ultra mcro turbine engines are known in particular fromUS patents
5,932,940 and 6,392,313, to which reference will advantageously be nade for
any further details relating to such engines. These patents relate to
various enbodi nents of t UtHaoheehi HelkNCEUEHERMARSENGINErti cul ar gas

turbi nes, turboconpressors, turbogenerators, turbopunps, turboreactors, and
vari ous conbinations of these latter configurations, whose constituent
parts are mEdE f PERSEHE add e ivahe redait&s alto pﬁef@%gblyegﬁtﬁl@%@Yvarlous
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proposed having i n common elr gy rawn from mcro
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turbogenerators, turbopumps, turboreactors, and various
combinations of these latter configurations, whose
constituent parts are made from one and the same
material, preferably SiC, the wvarious constituent
20 components or parts being obtainable by methods for
manufacturing electromechanical microsystems, known as
MEMS ("Micro Electro Mechanical System"), and 1in

particular bidimensional machining.

25 The main applications envisaged for such thermal
microengines, of the micro gas turbine type, are
microdrone propulsion, the autonomous or individual
supply, known as "onboard", of mechanical, pneumatic or
electrical energy for robots, portable systems,

30 microsatellites, actuators, and for cooling electronic

circuits, this list not being exhaustive.

It has in fact recently become <clear that thermal
microengines could supplant batteries in terms of
35 specific power and specific energy, on condition that
their thermal yield is sufficient, the various thermal
microengine designs proposed having in common the fact
that their energy 1is drawn from micro combustion or an

exothermic chemical reaction. In. effect, use of the



batteries, in terns of energy storage per unit mass, as well as in terns of
power generation per unit volunme. 5 O the various types of thernal engines
proposed, the wultra mcro gas turbine is of particular interest due to its
great potential in terns of specific power_and energy. 10 The basis of the
m crosystens to which the two above- cited US patents relate is a mcro gas
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15 comprising two attached discs.

The main components of the microturbine are a
combustion chamber, and a centrifugal compressor and a
centripetal turbine which, in the first version, are
20 mounted on one and the same hollow shaft revolving at a
circumferential speed of the order of 500 m/s. An
electric generator/motor, situated above the rotor of
the compressor, has the task of producing electrical
energy during operation, as well as of driving the
25 shaft common to the compressor and to the turbine
during start-up of the microturbine. Fuel is injected
downstream of a bladed diffuser, radially surrounding
the compressor wheel, and is premixed with the stream
of compressed air leaving the diffuser in a centrifugal
30 premixing channel, before entering the combustion
chamber, whence the combustion gases exit via a
centripetal <channel opening onto the rotor of the
turbine, through a bladed distributor radially
surrounding the latter. The rotor shaft is guided by
35 gas bearings because of the high speed of rotation.

In one example of embodiment, these various members are
made of refractory ceramics, starting by stacking and

aligning six layers of SiC, each of these layers being



the stresses inposed by the high speed of rotation and the high tenperature
of the cycle selected for the 5 mcro gas turbine, which may be a Brayton
cycle or a conventional gas turbine cycle. In the second m croturbine
version proposed in the two above-cited US patents, the dianmeter of the 10
m croturbine is doubled (21 mm, the conpressor and turbine discs are
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bl adi ng, which constitutes a favourable arrangenent from the point of Vi ew

of reduci ng aePBdyALRPE [thsSedhyPafiass raktibn, 2aRblakY Seeimd thetedionf or ce

t he mechani cathe sekirdisky sOfintdtsed OB @r t ¥ h@@%ms&&éd’ soﬁXkatalaubk, alnlde
di ameter of the .disc on the turbine si de has been s stan(alg% %/1 r educed
n

and its thi ckARsdiHEr SESRETHAT S i 01 | YPBheC¥ohPr 633 07CLF &hene

t ur bi ne 6xha:u5<tr<surgmuntduabm@traﬂhlmﬂynaQObal l.owBngytba pyaviesi ena at this
| ocation of a thrust in the forr%of a gas thrust bearing. Overall

nv é bgarg turb
ener gy st udi &%’ triBed9fn thé arti &Vé Ri baud "Overall
t her rmdynam'c study of an ultra micro 25 turbi ne, Journal of Ther mal

Sci ence Vol . 113, N0« oo hoUy; 200451 8L abbng; bR (i, dome £f LHLDLg engi ne.

t aki ng account 0 RE i ntense | nternal t her ha aklng pl'ace in
such turbi neakegenestadd PEsul Patgnits,a t Heraral i xnekercausing the

deterionati ap; dPoB0r8DRE Y Perfmmnee, oshow, t haty tde c%%ﬁﬂx%”bs%ld and
architecture thereof are not favourable from ah aerothernodynam ¢

st andpoi nt . TwrRireceiscse Q:Iéﬁrbé’s’ttﬁéﬁeé‘héﬁbe’?h%%rtﬁ’é@@sﬂﬂ’r@ol cegstengi nes

is annul ar, ff}hélt&%@@sgéln@'ﬂrﬁg 3&15111 é’sﬁ%ﬂ o§Ul@$1tr%fltdea|kb)/a@f@@lndwhfi@hf otor of
theturblne e%rgslne resu g ar etransverze section apd a |arge

contact sur faeE W tht ?ﬁe ArLAGCRORE e oMt I§1S nPROREI Bér abl e
thermal | eaksidwi b@i ngaducéflng\n hbrbhlgfmtnhle rieksed bycand et ercentost i on and
ignitiqumfgégugggggIgbtpglgggggghéylq&g@%ﬂlcal solidity of the
rotor by reducing its axial bulk, the diameter of the
disc on the turbine side has been substantially reduced
and its thickness increased, and finally the compressor
inlet and the turbine exhaust surround a central body,
20 allowing the provision at this location of a thrust

bearing in the form of a gas thrust bearing.

Overall energy studies, described in the article by Y.
Ribaud "Overall thermodynamic study of an ultra micro
25 turbine, Journal of Thermal Science Vol. 13, No. 4,
Nov. 2004", relating to this type of turbine engine,
taking account of the intense internal thermal
transfers taking place in such turbine engines and
resulting in a thermal mixture causing deterioration in
30 energy performance, show that the design and
architecture thereof are not favourable from an

aerothermodynamic standpoint.

In effect, the combustion chamber of these turbine
35 engines 1s annular, flattened axially and wrapped
substantially around the rotor of the turbine engine,
resulting in a large transverse section and a large
contact surface with the working gases, and

consequently 1in considerable thermal leaks bringing



Furthernore, the conpressor and the turbine al so behave as exchangers, in
particular in the second version, in 5 which the conpressor and turbine
discs are attached, which is very unfavourable fromthe point of view of
thermal transfers, such that reheating 'J] the conpressor is prejudicial to
the conpression ratio, and consequently® dim nishes the useful power, and 10
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15 carbide, 1is wused to produce these turbine engine

components. Furthermore, machining of the
monocrystalline silicon carbide is very difficult, so
making the cost price prohibitive at an industrial
level. Moreover, the magnetic-type electric generator
20 associated with this type of turbine engine 1is
handicapped by the high temperatures to which it 1is
subjected, which may cause demagnetization when the

Curie point 1s reached.

25 On the basis of this second microturbine version, a
derivative version was recently proposed, in an article
entitled ™“Micro Combustion Principles Dedicated To
Micro-Turbines” by O. DESSONES, C. DUMAND, D. GAFFIE,
J. GUIDEZ and Y. RIBAUD, published in POWERMEMS 2003,

30 MAKUHARI, JAPAN, in which the combustion chamber is no
longer wrapped around the rotor, but offset axially
relative to the rotor in the form of a separate chamber
located "within the wvolume"”, and not "at the surface",
and capable of being produced separately, by moulding

35 or laser micromachining for example, in a hybrid

microturbine structure.

Such a hybrid structure has the advantages of possible

adaptation of the volume of the combustion chamber to



section, of a reduction in the surface area exchanging heat with the
outside, of possible use of insulating materials on certain parts in order
to inprove 5 substantially the thermal yield, and of a centripetal turbine
exhaust which may be radial, this being gore favourable froman energy
standpoi nt than the axial exhaust in the above-cited US patents. 10
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casi ngs, theP8'SPFPst rotor belonging to a | ow pressure stage, the second
rotor belonging to a high pressure stage,

15 The problem on which the invention is based is to
propose a thermal micro turbine engine architecture
which remedies the above-mentioned major drawbacks of
the micro turbine engines according to the above-cited
US patents and which is better suited to the various

20 practical demands than the micro turbine engines of the
prior art, in particular in that the somewhat general
architecture proposed may be applied to higher power
thermal engines, of the order of 10 to 300 kW, thus
making available autonomous, "onboard", energy in

25 mechanical, pneumatic or electrical form, the proposed
architecture preferably also freeing the manufacturers
from the need to use Jjust one highly conductive
material which is very difficult to machine, such as
SiC, so making possible a choice of a plurality of

30 types of material (Si, ceramics, metal alloys), which
may be conductive or insulating depending on the
functions fulfilled by the various components made of

these different materials.

35 To this end, the invention proposes a thermal engine

comprising:

- two independent rotors, preferably coaxial, each

respectively mounted in one of two casings, the



each stage provided with its rotor and associated fixed fluid preparation
menbers conbi ni ng gas 5 conpressi on neans, known as conpressors, and gas
expansi on neans, known as expanders and 10 - at |east one conbustion
chanber situated within a substantiallyscylindrical central volume defined
at its bases by the two rotors and their casings, and 15 at its |ateral

surface by a fi fS!’fi%BQS%f&Toira!ﬂe)doxﬁ%i'ridW% cal 18! brekBudR isingl I agial
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conpr essor of thee¥8@PsbP85§ﬁF85$tgﬁgwpoa?hgﬁgﬁqgéQﬁ the conpressor of the
hi gh pressure stage, the outlet of the first conbustion chanber 35

suppl yi ng thgngxpander of the high pressure stage w th gases produced by
conmbustion, guided fromthe outlet of the expander of the high pressure
stage to the inlet of the expander of the | ow pressure stage, the outlet
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The advant ages ofswRehaRkRlaléli c¥éincdeignd memereds volume defined

at 1ts bases by the two rotors and their casings,
and

15
at 1its lateral surface by a first substantially

cylindrical wall, in an inner radial position,

salid first wall being substantially coaxial with a
20 second substantially c¢ylindrical wall in an
intermediate radial position, these defining
between them a first duct connecting the outlet of
the compressor of the high pressure stage to the
inlet of a first combustion chamber
25
and said second wall being substantially coaxial
with a third substantially cylindrical wall in an
outer radial position, these defining between them
a second duct, outside the first duct and
30 connecting the outlet of the compressor of the low
pressure stage to the inlet of the compressor of

the high pressure stage,

the outlet of the first combustion chamber
35 supplying the expander of the high pressure stage
with gases produced by combustion, guided from the
outlet of the expander of the high pressure stage
to the inlet of the expander of the low pressure

stage, the outlet of which 1s 1in communication



owi ng to nmounting the conbustion chanber(s) in a substantially cylindrical
central volune of the engine, defined between the two rotors and their
casings, in a substantially axial direction, and, radially, inside 10 three
substantially coaxial and cylindrical | s deflnlng between them radially
fromthe inside outwards, a duct conveying gas, such as high pressure
conpressed air, e the h Lgh pres e tage gonpressor
and the inlet of gaﬁﬁrgglco é#ﬁ%n8§550%§%6 5 éﬁd§§£d88§ %gnveylng sai d
gas, such as | ow lpressuares conpressedrmnindbefaeerhchegaseketprofdudes | ow
pressure stage cogprggﬁghsqu he inlet of the high pressure stage
conpressor, a turbine engine architecture is produced which is arranged as

a 20 "thernodynam c cocoon”, in which the hot parts are concentrated in the
central ol upge ofadhith speoforsuéﬁmarw hbenipstdaral 1he ep@ididusand may
be at least partially ermal ly insulated fromthe cold per| pheral parts
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for the flow of | ow pressure conpressed gas, is
1 chamber, " and a duct conveying said gas, such as low

pressure compressed air, between the outlet of the low
pressure stage compressor and the inlet of the high
pressure stage compressor, a turbine engine
architecture 1s produced which 1s arranged as a
20 "thermodynamic cocoon", in which the hot parts are
concentrated in the central volume of the engine, or
facing the inside of the engine, and may be at least
partially thermally insulated from the cold peripheral
parts by selecting thermally insulating materials for
25 producing at least one intermediate wall or casing
between inner walls or casings, on the one hand, and
outer walls or casings, on the other hand, made of
thermally conductive materials. Furthermore, the
circumferential speed of each rotor may be reduced due
30 to the adoption of a two-stage architecture, such that
the mechanical stresses are alleviated, and, moreover,
it is easier to develop gas bearings at these lower
speeds than at the speeds in the single-stage
embodiments of the prior art. Moreover, the increase in
35 the compression ratio, resulting from the two-stage
architecture, 1is highly advantageous from an energy

standpoint.



5 made of thermally conductive material and, preferably, is provided with
fins and/or spikes on its outer and/or inner face, whilst the first,

annul ar, inner duct for the flow of high pressure conpressed gas is defined
between the second wall, arranged as an d¢nternediate 10 casing of a
thermally insulating material, radially towards the outside and separating

it fromthe @gﬁéngre@q%te,lya%a hgdtzaﬁga @@hglgrr%medo@@e@nca@mﬁg ¢asi ng of
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central partimfet héael&g| nehibet webr thersttwo @xpahadey s izbedi sposed fbaci ng one
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sane reasons, exhaust t owar € outside o s stenmng fromthe
expander of beeveow 36 pFessife wahhe Psrasdgant a@éouﬁsﬂ ylefisgmedibyedi screte

ducts expendifg; sybsiant altha)ér&r%@l‘l%’ | Xn%g‘i@rtQ% hﬁat%‘ftl%'lde ’f%%ﬂ? to the
axis of the first rotor. a preferred errb0|rren t her mal engi ne
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acconmodat eddmcat;h@n@eﬂhéahygltummetammgtéme dvanrohRes, cakingi e the
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vvn as
with high pgte F@aﬁﬁfpr%%% Yephge i rtaekfti-Mg tror“barﬁcg%e -----
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converges S%ﬁ%m é%?llyTﬁgsghe E%%%EE%& Offgy%ures improve the
containment of the hot parts (combustion chamber(s) and

the two expanders) of the turbine engine in its central
part, and the retention, at the periphery of the
engine, of "cold" parts (the least hot, in particular

20 the two compressors), which facilitates control of
their temperatures and of thermal flows, owing to the
mutually inverted mounting of the two rotors and to the
arrangement of at least one combustion chamber in the
central part of the engine, between the two expanders

25 disposed facing one another, whilst the two compressors

face the outside of the engine.

For the same reasons, exhaust towards the outside of
the gases stemming from the expander of the low
30 pressure stage 1is advantageously ensured by discrete
ducts extending substantially radially towards the

outside relative to the axis of the first rotor.

In a preferred embodiment, the thermal engine according
35 to the invention comprises two combustion chambers
accommodated in the central volume between the two
rotors, of which the first combustion chamber, known as
the main combustion chamber, supplied with high

pressure compressed gas, such as air, exiting from the



axis of the second rotor towards the inlet of the expander of the high
pressure stage, whose outlet leads 5 into the inlet of the second conbustion
‘chanber, known as the secondary conbustion chanber, surrounded by the

first annul ar conmbusti on chanber and which converges axially towards its
outlet connected radially towards the 8ufside to the inlet of the expander
of the Iow 10 pressure stage, flow of the gases in the two conbustion

chanbers t akPRGIFISECE sObstdMt | LU aRFEFFYLEN VR ng2 diRectfiont A very
high effici aney,t hesnved r §8gi Bebist ahtus 1prodigedhe 1bi e dhi dMO ogondHist i on
chanbers, one,of ich?surrounqi é%gg ot her and bg%h beiﬂg sitfatgg bet ween
the expandeP§1Sof °fhet %o FTTH! YheitP edd5hgs Pand MhEF det hé "] hr ee
subst anti al Expeadxiralofantheeyidgtdrpcasswad| stagk, whiosk tdue liett ergwril at e wal |
i s advant ag ly.thermplly 20 insul ating, the gases oduced caombusti on
passingq§n §§§§n¥g$EdV}e%% ?%r&hﬁ1%ﬁﬁ?Q%&F%%%%%gf?gn%éﬁgﬁﬁéfs3¥“ﬁﬂ}ch

i nproves st ikl ther tsecondery eppmbattiencaitangie r t heneodundedt biys Ered, t he

t vo CO”bUStEQr@ chamben g, ar & M&g?%%%%eﬁepgﬁﬁt%ﬁ}?m&ﬂﬁr Jer by a
25 substantla.F{ coni cal central partition of a thernalTy Tconductive
mat eri al shapedldy dowardefine phéletowsraratiadnt redavrdigeriiowsatdss of the

two combustigl SNAHEL S+ o30 M SQWetch the taldm 9k hAREPVIdY the thgy nal
equi librium of the engine according to the |nven%|on, ducts exhausting
t owar ds & heP58E&PEE ShEIShIUSY Fufseshe sFPRF ngnf £EHM tHe SYTERVFLBY the | ow

pressure staggmbare advamAgeaisd Ysled ¢ Heei Het yegn i b ySubstaypdaldgy 35

radial, thermally. insulating inner walls, one of which surrounds the outl et
of the expaﬂﬂ%?cﬁﬁopﬁe | ow pressure stage while the second diverts radially
towards the outside the gases produced by conmbustion 10 stenming from said
2t yeast ong GREBURLIAN AT, AP nd L0 0 2XBaREeLLEL Loy pressure

15 with two combustion chambers, one of which surrounds

the other and both being situated between the expanders

of the two rotors and their casings and 1inside the

three substantially coaxial and cylindrical walls, of

which the intermediate wall is advantageously thermally

20 insulating, the gases produced by combustion passing in

countercurrent through the two combustion chambers,

which improves still further the temperature control

thereof. To this end, the two combustion chambers are

advantageously separated from one another by a

25 substantially conical central partition of a thermally

conductive material shaped so as to define the

countercurrent convergent paths of the two combustion

chambers.

300 Also with the aim of improving the thermal equilibrium
of the engine according to the invention, ducts
exhausting towards the outside the exhaust Ggases
stemming from the expander of the low pressure stage
are advantageously defined between two substantially

35 radial, thermally insulating inner walls, one of which
surrounds the outlet of the expander of the low
pressure stage while the second diverts radially

towards the outside the gases produced by combustion



Furthernore, in the "thernmodynam c cocoon"” architecture 5 of the thernmnal
engi ne according to the invention, said thermal engine is advantageously
such that the ratio of its substantially radial and axial dinmensions
relative to the axis of one at |least of the rotors is around 1. 10 In a
preferred enbodi nent, the Iom1pressuré‘§{age conprises the first rotor,

whi ch conprises, on a face the outside of the, engine, a bladed mheel
of a centriPuGAMIEE cﬁalah?gh%%ﬁ%&é%“?aﬂ?%???tﬁﬂ§l FEARE T iR ar

di ffuser witlhrbhadas whipahdare 1 xatk Ihidlel@atdsmut® $twegeasi ng of the flrst
rotor, and, on the inner face of the rotor, a bladed wheel of a

centripetal turbine, which rotates radially inside an annular centripetal
di stri butor Warhhblrades,whirchlae e" t hé xmddyedmi ¢ veotoonle agasiing afurtehe fi r st

rotor, the 20ewhegl Schcgrr&ahle QRQPBSS%% o%‘intgt Ltég ”@h?e&ﬂg ﬁ%g%ﬁ“ d; dor

rotatlon around their axi s r st rotor In
this case, ahbeawveor énggnpo i fadmnme@mly 2suebbdptethe tried o gif

pressure stageshagan 4 f?mb ﬂl%Ftk'éﬁlag' Lﬂarmhoalt haim0hstBgs! %1 t%%ure
stage, the two stages bein verted relative to one anot her, hi gh

pressure stage Ebﬁpﬁﬁéﬁngftﬁ@es@@oﬁ§%ﬁﬁ(9f ﬁﬂﬁ(ﬂPtQ%ﬁn#$s@%0U%% h face
facing the outside of the engine, 30 a bl aded wheel of a centrifugal
conpressor which rotates radially . inside an annular diffuser with bl ades

fixed relati VB td tHESESETRE Pmpﬁgl§€86md £8€or 1o¥ndPTe&FUe iSTREE face of
t he (rjot or, acbzhlaﬁliegemhaeﬂe oflasltcwtrdrpgt»ahdmr bﬁﬂpirl‘élﬁ'SqP dr@éét Q%ldeadl ally
i nside an 35_annul ar_. centr.i a utor wit s, fixe ative to
the casing of2thdd sé@@nénpﬁgﬁ$ 9% %&ﬁ%é?% 0% t fie O Sﬁ%¥%sﬁ%ﬁe£n8 t @ bi ne

bei ng connectedt fbfugabdt aioxmlrasmnd twigich cooteneaxisgdivdilth iisstide axis of

the second rofor, ;11 | tf%&%@Py’wﬁthur%h%%e%”wdﬁa & PLoduceq wiith a low

pressure tur oconpressor st'age and h pre
15 relative to the casing of the first rotor, and, on the

inner face of the rotor, a bladed wheel of a
centripetal turbine, which rotates radially inside an
annular centripetal distributor with blades which are
fixed relative to the casing of the first rotor, the
20 wheels of the compressor and turbine being connected
for rotation around their common axis, which 1is the

axis of the first rotor.

In this case, and according to a first wvariant
25 embodiment, the high pressure stage has an architecture
similar to that of the low pressure stage, the two
stages being inverted relative to one another, the high
pressure stage comprising the second rotor, which
comprises, on a face facing the outside of the engine,
30 a bladed wheel of a centrifugal compressor, which
rotates radially inside an annular diffuser with blades
fixed relative to the casing of the second rotor, and,
on the inner face of the rotor, a bladed wheel of a
centripetal turbine, which rotates radially inside an
35 annular centripetal distributor with blades fixed
relative to the casing of the second rotor, the wheels
of the compressor and turbine being connected for
rotation around their common axis, which is the axis of

the second rotor.



turboconpressor stage, between which the conbustion of 5 a m xture of a high
pressure conpressed gas, such as air, and a hydrocarbon-based fuel is
ensured in one or two central conbustion chanbers, in a both radially and
axially staged arrangenent which greatly facilitates production of the

vari ous conponents of the thermal 10 éhéﬂné’in suitable materials and

i nvol ves the inplenentation of nore conventional and nore econom c

manuf acturing and in particular machi ni ng net hods than the manufacturing
met hods usedIhorthNEVBvbgehrol bgrlesnel®endiwevers acodudieny wotla secoend

known as a - Rasaorelor TutERCRRB IR BRI L on
of a gas suchuaboaPmpardsexpaisian betwemsbustedigases tekeyspliave ainside a

wheel Wit 29 ghanngls B¥ rﬁgga ?P&%&etggﬁaréﬁggdgaéaéal E)cANd, s sai d

gases, such as air, and conbust ases In s annels and by a process
based on theaHFspﬁ@@eﬁbn@Y@iocéibaﬁsbéﬁeﬁa¢é§laﬂé MR Esdi 6A WaeLL n sai d

channel' s of +§ai deghaaneldsguesin &%rgoeﬂ@velﬁoa%otﬁomel%lmq; Znaan inlet
for adm ssion gas (air an outlet for conpressed gas alr)Jéépnnected to a

first conbustioAll¥ha %gedana%ﬂﬁ?%%m%%tlrﬂQﬂCW(mgqﬁﬁ§%%nﬂ§

stemm ng froprbhecetbhetoof die Farstoueonbuspbaantehagbershand rnexhaust
out | et qu sai d. conbust ed 30, gagf 28¥€rds ﬁ.secon conbusti on ch?pber i f
351 fe | U

appl i cati’e, &hAPfe exPanderl Predstr e Hthge 1V SUCH hav é
conpr essor - exmphdméstaoioan£frmb@es calsant koroah asid' pness ureecexatianger s”,

are devices a es_of enb ment descr 40 the old

pat ents ﬁ%g&@éé@ néH%ﬁﬁSﬁ&GP gﬁga586m hl%ﬁﬁ%hh%ggen stqi§

2,399, 394 anuh@ m&nuiastc@ungsp@ﬁ@pdmh@§eddémnuM£Mﬂuﬂﬂqnp¢kmgu¢$e subj ect
of nunerous developnents described in nunerous nore recent patents. 12 As
inthe prior art, the rotors of the thernmal engine according to the

i nvent i 8% arBOWEVaRt age6Gerfisagppséia e® second variant, the high
pressure stage comprises a wave compressor-expander,

known as a "wave rotor", in which a transfer of energy
between compression of a gas such as air and expansion
of combusted gases takes place inside a wheel with
20 channels by direct contact between said gas (air) and
said gases, such as air, and combusted gases in said
channels and by a process based on the displacement of
expansion waves and compression waves in said channels
of said channelled wheel, said "wave rotor" comprising
25 an 1inlet for admission gas (air), an outlet for
compressed gas (air), connected to a first combustion
chamber, an admission inlet for the combusted gases
stemming from the outlet of the first combustion
chamber, and an exhaust outlet for said combusted
30 gases, towards a second combustion chamber, if

applicable, and the expander of the low pressure stage.

Such wave compressor-expanders, or wave rotors, also
known as '"pressure exchangers", are devices of which
35 examples of embodiment are described in the old patents
DE 485,386 and CH 225,426 and 229,280, to which patents
Us 2,399,394 and 2,461,186 correspond, these devices
having been the subject of numerous developments

described in numerous more recent patents.



axially and radially by gas bearings. 5 The thermal engine according to the
invention and as defined so far in the description nay constitute the

heart of a nore conpl ex system conbining, for exanple, a micro gas turbine,
of the conbi ned-cycle type with a 10 turbogenerator and a starter, which may
use a solid propellant and/or be el eCtffcal, with a heating resistor. In
this case, the casing of the engine defining, 15 radially or externally,
the second duct may be at least partially imrersed in a preferably

doubl e-wal | edls innperareabi er ekmsedjwatﬁmtbaﬂkpfinﬂeﬂdeﬁetmapr@@@dae
pressuri zed éggn&ang tg trﬁsulate the trgggal ne rmal | fron1the

out si de and acifitafe Tts E?e Jrat i on |n H rec%p?gc g 38

t herefor. Adwanahggoasdyradmaﬂhwsbyogb&n@@acy@be.thernal englne the st eam
producedcin a first chanber of the tank has its pressure controlled by a
val ve conmuni cating with a 25 second tank chanber, itself in conmunication
with the infke déhetielexpagies cfcadidirmy *ppestslm elsvegéioso ad ©6 m x

steam wi th ther gases Jy ogueed Py+ cOMUSd Ot R LTRLYY d&05M Sl de akpleast one
conbusti on chanber, before passage thereof into the expander of the ow 30

pressure st aRATTnOfhits DI FREPLGE| 6 YEREFMEIOTEHGH Y, t RRT g8¥8EPARd st eam
st emm ng fr%nmh@r@xg@@de;rumlrtéﬂe bOWe RECTDHHLA neIL-RGR- 18 e é\auﬁt:ﬁdaw a
separat duct s ref erapl xt endj ng_substantially radia

conti nuify TR EhaC kbt S afik DEfOF 8 eneiit Hy. Mo CRE SuPPodfidi ng
envi ronnment ,pisap@bl 410t enswdy qur ehieat i rRQ eaft ritdd wat et thn tdhe hasking3

Furt her nor e, mhether or not this thermal engine is a conbined-cycle engine,

t
the stream of° % alr) stenming fromthe conpressor of the | ow pressure
stage may be d|V|ded into two flows, one of which is directed

In this <case, the casing of the engine defining,
15 radially or externally, the second duct may be at least
partially immersed 1in a ©preferably double-walled,
impermeable, closed water tank, intended to produce
pressurized steam and to insulate the thermal engine
thermally from the outside and facilitate its

20 integration in a receptacle designed therefor.

Advantageously, in this combined-cycle thermal engine,
the steam produced in a first chamber of the tank has
its pressure controlled by a valve communicating with a
25 second tank chamber, itself in communication with the
inlet of the expander of the low pressure stage, so as
to mix steam with the gases produced by combustion
stemming from said at least one combustion chamber,
before passage thereof into the expander of the low

30 pressure stage.

In this combined-cycle thermal engine, the gases and
steam stemming from the expander of the low pressure
stage are exhausted via separate ducts, preferably
35 extending substantially radially, and continuing
through the water tank Dbefore emerging into the
surrounding environment, so as to ensure preheating of

the water in the tank.



5 towards the conpressor of the high pressure stage and the other towards
utilization, in pneumatic form of the useful power. In this case, to
obtain a thermal turbine engine 10 associated with a turbogenerator, the
flow of |ow pressure conpressed gas (ai corresponding to the wuseful
power transmitted by the conpressor of {L%e | ow pressure stage, supplies a

t ur bi ne of rbo enerator whose_el ectrj enerator, suppl.ies a battery,
connect ed 1?%y a‘? ast on hleerct(lpfcél]locC J\(i\ﬁ?’g 3% értmatjb gggllggst ond
el ectrical m@mdmd:lelanghns case, s&dmmtaag%cgaﬁy (athe etemming

t ur bogener atgr i stgge%ﬂgeéggyl g%e%bﬁé o%gvh er anég?ﬁgm egél 0si ng

the two rotors, said east one conbustion or the
fl ow of | owdlplrlet%iur erirl hiwh pfesesire gas (@fr)wlanghl owspreéssaceedand hi gh

pressur esgases, HRJueRd R AT 085 2hel Th E@EEQQeei‘s;\{HQ#§ 2ha

enbodi nent, the electric generator of the tur ner at or magneti c
type, conprit§ ngtRer| et bmhe p\etrlrﬂe}r?@rﬁlqmgnéﬂ rﬁﬁm%@tbﬁ dieemf aeé of a
bl aded wheeltHf womnt rppetal turbine of the turbogenerator, on the
opposite side to the face having 30 the bl ades of said centri petal turbine,
said at | east one permanent magnet being connected for rotation to the

centri petal Irur hies whegle of ddie dntrdbDgener at s rpnd t@wiquenge@@pﬂéi te at
| east ogﬁ flat armactu e COI| of the el ectrlc enerator_. 35 To ur e

operati b afd A St Wt urdbi ne BRI HES T8 ackdF di hg°Yo 3ff| 134
enbodi nent , gmmma ercympgFddded days t Haeiel) ect coergependtiog otot hehe

t ur bogener atLl lsegﬁ(];w Pp@r'a%ssn?ittéeeoasﬁyo@ﬁ elcgg_[ﬁgfé:saé }ngustl OtIP devi ce

for the gas AT xturein d ®l east’ one ¢o anber,
into which forelssure isfjaxe edsvprlaes| easurbnac wdl supptyoderceratomher e t he

outer casingRfsd heydber el 4engine JiS &lpplies a battery, connected

15 Dby at least one electrical power outlet to at least one

electrical consumer unit.

In this case, advantageously, the electric
turbogenerator is thermally insulated from the engine
20 casing enclosing the two rotors, said at least one
combustion chamber and the ducts for the flow of low
pressure and high pressure gas (air) and low pressure

and high pressure gases produced by combustion.

25 In a preferred example of embodiment, the electric
generator of the turbogenerator is of magnetic type,
comprising at least one permanent magnet mounted on one
face of a bladed wheel of a centripetal turbine of the
turbogenerator, on the opposite side to the face having

30 the blades of said centripetal turbine, said at least
one permanent magnet being connected for rotation to
the centripetal turbine wheel of the turbogenerator and
revolving opposite at least one flat armature coil of
the electric generator.

35
To ensure operation and start of the turbine engine,
and according to a first embodiment, the battery
supplied by the electric generator of the

turbogenerator itself supplies at least one electrical



| east partially imersed in an inperneable, closed water tank, the battery
supplied by the electric generator of the turbogenerator may itself supply
at least one heating resistor disposed in a chanber of the 10 water tank,
to produce pressurized steam supplyi ng_tﬂe _expander of the | ow pressure
stage so as to start the thermal engine with electrical starter with

heating resij QJtio]rfhéé‘vf‘cﬁ%io%mbhe% Wﬁée' l?é{"if?f /EQW PLESIYS Cﬂ{méﬁéed gas

(air) stenmn romthe conpressor o Ow pressure stage supplies the
centripetal tablAessf e qHBHYeEr acbamRfter bpedi nglisth afekdckival ve,

and preferahly; ddHQUah Amaneh 8 6Ot Fhpet ahpdi st aihbutor 20 with fixed
bl ades surroundi ng the bl aded wheel of said centripetal turbine of the

turbogenerator, or through a volute surrounding said centripetal turbine of
the turbegemglicator thdd Mheart hesdhey nelr epge ne:race di RGidigd hesi nygntion
is equipped with a solid _propell ant séar,ter, the starter _is arranged as a
gas gener at ot 5 g taR L ot e S SEA el bt At al ITRRITRANSS of Gl ery, of
the solid prepeld artanisuchthidatbatgasyf| ewppesalt i pg f room 30 xafbeist i on of
the solid prao ellaq:t i's irtcteg ia at | east one nlﬁé%in a radia,é end
face of the EN§IHE FasPhg,tFT eFEFROSF EFEGRE aR hdrisioh GHEPEHI r3Ci nl et
openi ng i n tReatsheromsd reveyi ey sesastdo Oispgsabodh ar atretmierr off tties r ot or
of the | p r ge, 35 I n thi van usl t er
YV PLETRY ecasrh?, 0 ?)ro@lu zm.ia:easzsg\l\l.l’%ﬂeé 5@19%8 s.sugdgrl[t}{l?l %é

arranged as a (gas gen€rator ‘receive pr opel Tant ge  provided
for each staexpehdele ehethal lengimesssaie ghsgegemeras ot obeitegtcarinected to

the inside ofnhaaGaskginelduioh (DELBLIABL COOLRECY! &, Aln! GASL | ,
quasi -tangential inlet so as to set the rotor of the | ow pressure stage in
rotation. 5 CER&EtP&at ures and advantages of the invention will be

15 In a variant, the flow of low pressure compressed gas
(air) stemming from the compressor of the low pressure
stage supplies the centripetal turbine of the
turbogenerator after opening of a check vwvalve, and
preferably through an annular centripetal distributor

20 with fixed blades surrounding the bladed wheel of said
centripetal turbine of the turbogenerator, or through a
volute surrounding said centripetal turbine of the

turbogenerator.

25 When the thermal engine according to the invention is
equipped with a solid propellant starter, the starter
is arranged as a gas generator by ignition, preferably
electrical, by means of a Dbattery, of the solid
propellant, such that a gas flow resulting from

30 combustion of the solid propellant is directed, via at
least one inlet in a radial end face of the engine
casing, preferably around an admission gas (air) inlet
opening in the thermal engine, so as to bring about
rotation of the rotor of the low pressure stage.

35
In this case, advantageously, the starter arranged as a
gas generator receives a solid propellant cartridge
provided for each start of the thermal engine, said gas

generator being connected to the inside of the casing



reveal ed by the description given below, in non- limting manner, of

exanpl es of enbodi ment described wth reference to the appended draw ngs in
which: 10 - Figure 1 is a schematic view in axial section of a mcro gas
turbine according to the invention, Fi e 2 is a schematic view in axial
section of a thermal engine, the heart "of which consists of a 15 mcro gas

turbine simlar Fi . _ I nst 0 .a ter
operating i nl(.)g ttcl:'l%mt)tlhﬁeter clyc rgéj:l[rﬁ%éif%/? ngégg%éggproogug\s%%y g%g%rﬁgs&%lon and
steam equi ppédel t19 @ etectptcdhe aim/wr @6l tle plopelbrafswicarsterge and
associ ated 20 wokhtadnur bogenerator, Figure 3 is a viewsimlar to Figure 1
of a variant enbodinent of the mcro gas turbine, of which the high
pressure stage consists of a wave 25 conpressor-expander or wave rotor, and

Figure 4 3s ptaehemidturdLvahd 6HOSHtSGeEl OF Ofhe t Dgveadiah wave nad or

whi ch may be used._as a_high ¥re€sure, sta%;: in the nibcroturbi,ne vari ant of
30 Figure 3. "¥HELREr MY erdihe LHOWNIR -8R guPLVeni sP&Lf%er o ighs "It bi ne of
the "wi thin tLheivohymemaenet} hesfodyaamles COEOGMbdyRen whidds @0id ses two
stages 1 and 2,.of 35 the sgrret ener al ccgechng(urati on,. i eIE alﬂl.ow pressure
(LP) stage 1"&h8 ACAFIRTSFedSurtd S BAPSY T4t e AP YHe 1evel of the
two bases of a cylindrical volunme occupied by the mcroturbine. - 16 Each
stage 1 2_Cconpki; a,rator_ 3 4 spectively,.nonu tQ r t e about
its axi slqi ndepengg]??)? &f qlshea oﬁcﬁ{eermar% %r‘?l%sl %Et ﬁ%ggxgtﬁglqel,o% ﬁ)gft ?av\o
rotors, LP 3 and HPc4o gre togding aacmndd nchdaaxilss Xqveutiohe axes of the
two rotors may be laterally offset relative to one another and/or inclined

slightly relative to one another in variant enbodinents. _
- Figure 2 1is a schematic view in axial section of a

thermal engine, the heart of which consists of a
15 micro gas turbine similar to that of Figure 1,
installed 1in a water tank and operating in a
combined cycle involving gases produced by
combustion and steam, equipped with an electrical
and/or solid propellant starter, and associated

20 with a turbogenerator,

- Figure 3 1is a view similar to Figure 1 of a
variant embodiment of the micro gas turbine, of
which the high pressure stage consists of a wave

25 compressor-expander or wave rotor, and

- Figure 4 is a schematic view in cross-section of
the radial wave rotor which may be used as a high
pressure stage in the microturbine variant of

30 Figure 3.

The thermal engine shown in Figure 1 1is a micro gas
turbine of the "within the volume" or "thermodynamic
cocoon" type, which comprises two stages 1 and 2, of
35 the same general configuration, 1i.e. a low pressure
(LP) stage 1 and a high pressure (HP) stage 2 situated
at the level of the two bases of a cylindrical volume

occupied by the microturbine.



10 Each rotor 3 or 4 is nounted rotatingly in a respective casing, LP 5 or
HP 6, of which the structure is specified bel ow. 15 Each rotor 3 or 4
conprises, on a face facing the opposite way fromthe other rotor 4 or 3,
that is to say on its face facing the gy side of the engine, a bladed
centrifugal conpressor wheel, LP 7 or HP 8, which rotates radially inside a

respective aE@@Ihar 2 gent |1| thg@I di ffd&@rl%t{g 19 wnrtd’tcm ades forxedq on the
correspondi n%Fcam nq 5._or 6. ts opposi ng f ace, é@ﬁl ng the ot her, rotor or
e

towards thelFREFGE 81eltyhe eWBPHEe or FRnerr EE Yot oft8 At 4
conpri ses a fespeehideathlyadead wentgipet atotiatr bi ne wheel, LP 11 or HP 12,
which rotates radially inside a respective centripetal annular distributor
13 or 14, wth blades fixed on the corresponding casing 5 or 6, such that
the two siagés ltharel 2xangdlehe thw rteborsotlor80 amd 3 anel nili udl, | yarenvert ed.

Each stage LEcL.0uIMe: 2 Lle (SUIPLL5ES gas SOIPLERS! 0Dcoeans puhigh,

conprise a ceén conpr essor asSoci ated wt h 'gas
expansi on neaﬁtor\ihmhf 3% chapeirséla cdifisedporrfiatyl centei geralanaptisime LP 17

or HP 18, whpge.bl afiﬁgl%‘éé' sz@%’l%ﬁd{g %fﬂ\}"&j 12 2bRel NanOPRPi BGE W Lh

t he corresponding rotor LP 3 or s connected for rotation about
their commnvaa?ﬂénﬁ(xemb@ééﬁleﬂtasge LP 1 or HP 2 linking its rotor LP 3 or HP
4 17 wittch fixed fluid preparation merrbers (diffuser 9 or 10 and
distributor 13 or 14) in its casing 5 or 6. Between the stages LP 1 and HP
2, at |east BREN 5°¢8kbdstATor! c]h%m‘ﬁ‘é?n‘F%dfF?F%Hlpﬂlﬁ’héns@bsrteaﬁﬁ% e

cyl indrical eepingl vobunme obrthepengj nesf | vHikils el ertad-taxanplie of
enbodi nent, the ¢ ntrag \x{0| ume reserved for conbustion accommpdates two
conbust i on Eﬂ%ﬁ’b r§9cB5xPYI* around axis XX, and axially inverted, 10 a
first, "main", annular conbustion chanber 19

15 Each rotor 3 or 4 comprises, on a face facing the
opposite way from the other rotor 4 or 3, that is to
say on 1its face facing the outside of the engine, a
bladed centrifugal compressor wheel, LP 7 or HP 8,
which rotates radially inside a respective annular
20 centrifugal diffuser 9 or 10 with blades fixed on the

corresponding casing 5 or 6.

On its opposing face, facing the other rotor or towards
the inside of the engine, or inner face, each rotor 3
25 or 4 comprises a respective bladed centripetal turbine
wheel, LP 11 or HP 12, which rotates radially inside a
respective centripetal annular distributor 13 or 14,
with blades fixed on the corresponding casing 5 or 6,
such that the two stages 1 and 2 and the two rotors 3

30 and 4 are mutually inverted.

Each stage LP 1 or HP 2 thus comprises gas compression
means, which comprise a centrifugal compressor LP 15 or
HP 16, associated with gas expansion means, which
35 comprise a corresponding centripetal turbine LP 17 or
HP 18, whose bladed wheels 7 and 11 or 8 and 12 are in
one piece with the corresponding rotor LP 3 or HP 4 and
thus connected for rotation about their common axis XX,

each stage LP 1 or HP 2 linking its rotor LP 3 or HP 4



surroundi ng the other, central, "secondary" conmbustion chanber 20,
separated fromthe nmain conbustion chanber 19 by a central partition 21 of
a thermally conductive material, substantially frustoconical in shape in
its 15 axial central part 2la, between tjwo cylindrical axial end parts 21b
and 21c, such that the two conbustion chanbers 19 and 20 are shaped to

converge axi ghky, 'f‘lerPpP}?uﬂ? ?ké%‘é&b@@%m (B % fd{f’?‘ﬁE% ve 4.l £

towards their respective out two conbustion c ers 19 and 20
are ther mal | $ndi AdSIELERTATomY IRE shitr duhdi iy @%4R@dnPePt By the two stages
LP 1 and HP 2, in an axial direction, and in a radial direction, and from

t he inside tomards t he 25 out si de, I&& t.hree substag}ialhg cyllndrlcal wal | s
22, 23 and P3L¥ESRI alFN&r ofh@95%i s %X, lof Al chAll her1stetandeaftd, el y the
i nner 22 sandcombast%nwaldmmbme each pittadt henmalkhy C@Lﬂiﬂﬂdd@.d’@}ﬂrl al,

R S I A e T R
mat eri al . Th an i 3 | I's"de an
outer annul apredtierr2d ferahpdw obfa gasodimenthi stiexangret tdl comjnerssed air,
fromthe out kggerlv danf§§ O#Eﬁhus%go%l gg% &ntm%rai[aﬁoefs t r%,%v di fcf Sq%rstl. (?'{ei he.

centrifugal conpressor st ag axi al ann in
an inner radi:]ahmpes'st |O@rax1(a‘l aheun@ntaxllfsug@q conpr egsen 1Y6 igfvetrheddP stage

2, whilsty the infesmedi K‘a 2 andobanen, 22 wahbssgebhne Detyeen - 148 them
S)

an |nner annul ar lally to the in e"out er duct 25) fo
flow of the S§WAREOYARFiNgh fothas, HESEGHsrlesseBc@PRdafy omac® UAfticst  of the

di ffuser 10-pfmbbe Q@nt@@é&%ﬁt&@”@&%ﬁSQ%e“%éﬂ tBgmbRsgtage chamder the
annular, radial inlet of the main.conbustion chamber 19, this inlet bei ng

defined betweenP¥hé fqeé“etr%%dp%ifat\ét% £e 1P 3t BjerIply Or@dustdramal | 22
and an oppogsatgrananyl ayugadiradi el ¢ Zldstiodiegrall Wihh shgpe in its

15 axial central part 2la, between two cylindrical axial
end parts 21b and 21c, such that the two combustion
chambers 19 and 20 are shaped to converge axially in
opposing directions, from their respective inlet
towards their respective outlet.

20
The two combustion chambers 19 and 20 are thermally
insulated from the surrounding environment by the two
stages LP 1 and HP 2, in an axial direction, and in a
radial direction, and from the inside towards the

25 outside, by three substantially cylindrical walls 22,
23 and 24 coaxial around axis XX, of which the 1% and
3%, namely the inner 22 and outer 24 walls, are each of
a thermally conductive material, and the 2“, the
intermediate wall 23, 1is of a thermally insulating

30 material.

The outer 24 and intermediate 23 walls define between
them an outer annular duct 25 for flow of a gas, in
this example LP compressed air, from the outlet, in an
35 outer radial position, of the diffuser 9 of the
centrifugal compressor 15 of the LP stage 1 to the
axial annular inlet, in an inner radial position, of
the centrifugal compressor 16 of the HP stage 2, whilst

the intermediate 23 and inner 22 walls define between



end of the cylindrical axial part 21b of the central 10 partition 21 and of
thé sanme thermally conductive material as this partition 21, the radi al

wal | 21d bearing via its periphery against the inside of the internediate
wal | 23 while bounding axially the main,,onbustion chanber 19. 15 To this

end, the outer cylindrical wall 24 is integral, at one axial end, with an
annul ar radi I r gal I | er. as the
wal | 24 and%ﬁ?@h C%JI-’IS'[I Bgﬁtlﬁgrrgd%‘%? %I I Béaf?ﬁ%%li LP&gaglﬁtﬁg 1534 and has
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inlet 30 of the LP conpressor 15, for the adm ssion éal ry. At its
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with a radi atowalde 3hnntinart herb@imofif &t r o4l agndi %@alrIl kiR tafort he sane
thermal |y conductl ve material as.the wajl 24 and which has a central body

32 protrudi ngPEBREF ds ¥ hetFhei d8l6t ReknengehénetniRetirgsn sthaxitansy
closing the &Pdcasonard@ GHel BPi ¥ealge tihe oIt shde.insugh what bhe anhky ee

outer walls 24, 27 and 31 tagether ,constituyt e outer aS| n t he

onat me. The #ht BPReaiRge iyl Ear el basd! Sake CitSirafoRigs Bhell'st i ng

mat eri al , i sendt egfr athe atyiltisidaxicadl eagdieh plahe siljle off thlee LResttage 1, with

an annul.ar flan 33 con tituting_an a nterrre ate art of
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the LP casi Q surroun par or 3 %and
whi ch suppormsteheali xaeel ttlfaciaesp@frtmtaom Zdbffulser Qacaxmlofwatllﬂe @ilst ri but or

13 of the '—PLF] 8L AB8G 1y i DL LS t érI;H% ggpoa\?% endnstfe vopl (23 1S

integral with an annular ra constltutes the axially
outer wall ofnipengpighsi rNgaJGl 52andviiet ¢ n@@ualﬁilabq aRxapddlarthel agiss of t he

HP conpr ess@smd®st f6RURHakBEeCemtral body 32 of the outer

15
To this end, the outer cylindrical wall 24 is integral,
at one axial end, with an annular radial wall 27, of
the same thermally conductive material as the wall 24
and which constitutes the outer wall of the LP casing

20 5 and has a central body 28, protruding towards the
outside, defining with a peripheral bead 29 1likewise
protruding towards the outside an axial annular inlet
30 of the LP compressor 15, for the admission gas
(air). At its opposite axial end, the outer cylindrical

25 wall 24 is likewise integral with a radial wall 31, in
the form of a circular disc, 1likewise of the same
thermally conductive material as the wall 24 and which
has a central body 32 protruding towards the inside of
the engine, this wall 31 axially closing the HP casing

30 6 relative to the outside, such that the three outer
walls 24, 27 and 31 together constitute the outer

casing of the engine.

The intermediate cylindrical wall 23, of a thermally
35 insulating material, is integral, at its axial end on
the side of the LP stage 1, with an annular radial
flange 33, constituting an axially intermediate part of
the LP casing 5 which surrounds the central part of the

LP rotor 3 and which supports the fixed blades of the



axial wall 31 of the outer casing of the engine. Thus, the internediate
wall 23 constitutes with the radial flange 33 and the radial wall 34 a
thermally insulating 10 internedi ate casing. The thermally conductive inner
cylindrical wall 22, whose axial end_faeing the LP stage 1 defines, with
the opposing thermally conductive radial wall 21d, the 15 inlet of the main

combustion chambgisei9doagndes ithed 4 POV utSriNtegraknhyl & p s RRPAsi ng
axial end with an annular radial flange 36, simlar to the fl a%r;ge ,éS and
whi ch thus cBRE{FEULRE ahtaxi APPYSikEerwbtifat Eart oFe tHRIHP Lasilfy 6,

whi ch surroupfiseyhelcentirtd pahnt ofnrd0dihe HPdietor whiand suppordrsidrhe fixed
bl ades of the djffuser and of the distributor 14 of t HP stag 2. In
Chis vay, tHEOPRLFURERI 95 CORSEE i S5t S (1F Lheolt IKigd B6C a8 PHaknal |y
conducti ve iamér dasfings aurrawndilnganheleenbdstliean vanteet s the amid 20. 25
The HP casin onprises, axially rds.th inside of the engine, a
thermal |y co%%rﬁugfléggognﬁl’arardruanl afh(\e/va %Rg’ag? ibr?tdglgrja 9\?t ﬁ?'teht-%mz;ec i'al end
of the cyliadiatabapart312ief oftheheutemnt rcalsipar taf i ome 2&ng8@nsepdihatsi,ng t he
conbusti on chanber ! I o} r i S.ann lJ. 21e
defining, ar ound%élscetjlﬁnee?dr}g?tlz(g g’ggg‘]uc??vg%ggltpftﬁt %délgg %%%o\r&f%gdaéy t he
central part¥tange 233apad thexiradiad ersilon3bfat heervehilvalinsvdypting t he

axi al anpul afpQuth&eY i 38.0EakhRgHP 35 turbine 18, which simultaneously
constitutes the axial inlet of the secondary conbustion chanber 20. The LP
casing 5 is also finished off, axially towards the inside, by an annul ar

radial wall 8% WwWH&hmdBly 2bndbet e | viddsul abiing andsur reunds 2bhe axi al
annul ar outlet 40 of _then Pftur.bi ne 17, inS conmuni a%i_gn vvi'gﬂh the outside
of the out er"B2RF ng*2a! 29181 farinke Wifyilfe STAHE e h‘g% tN8penin§s ﬁ?‘@w ded in
the formof absestie Stiechsldy, exhandthgesubstiaatli akylr adilal,| y thewar ds
the 15 inlet of the main combustion chamber 19 as described
above, 1s integral via its opposing axial end with an
annular radial flange 36, similar to the flange 33 and
which thus constitutes an axially intermediate part of
the HP casing 6, which surrounds the central part of
20 the HP rotor 4 and supports the fixed blades of the
diffuser 10 and of the distributor 14 of the HP stage
2. In this way, the inner wall 22 constitutes, with the
flange 36, a thermally conductive inner casing,
surrounding the combustion chambers 19 and 20.
25
The HP casing 6 also comprises, axially towards the
inside of the engine, a thermally conductive annular
radial wall 2le, integral with the axial end of the
cylindrical part 21c of the <central partition 21
30 separating the combustion chambers 19 and 20 from one
another, this annular wall 2le defining, around a
thermally conductive central body 37 supported by the
central partition 21 and in axial extension of the
central body 32, the axial annular outlet 38 of the HP
35 turbine 18, which simultaneocusly constitutes the axial

inlet of the secondary combustion chamber 20.

The LP casing 5 is also finished off, axially towards

the inside, by an annular radial wall 39, which is



outside relative to the axis XX and defined between the inner radial wall
39 and another, thermally insulating, inner radial wall 42, which, on the
one hand, is integral with a thermally insulating inner central body 10 43,
in axial extension of the outer central ,hody 28, and, on the other hand,

defines with the radial wall 21d a radial duct which diverts radially
towards the cQuLaLdeyt Nengasess by Odired Sy CARRUST LA @Xkid N0 armthiahl v from
t he secondary COH%US%/I on %ﬁ %fs)l § It815rs(kello d %e not ed théla1 e radi al

space bet weePUEhET tiferddl Fiei ﬁé?ul‘é‘#ﬂhgn@vaﬂﬁs Waﬁ@mgnhﬁﬁb@nsmm ded

into radial dystsutkibye rddsthat egeak Watshnighe amel - 3412 ofndhw tdhdihe central
body 43, and that the exhaust, ducts 41 are extended sl eeves, not shown

but 20 i ndi cht@d S¥RaESTur @RI bYIfoPrey HGSsest P whién Offa(‘]jilaslqrfttenrough
the intemmediatesand o@ﬁe@@ﬁm@gsw%tahlﬂ@amgd rxeadmpllymtewpmel seley the

t diate 23 l,i.nd I | Wt d h
engi no. 25 |POCRUGT AT RIS B A6 b 1L T HE rehhr o LPSOaRe HPT e
supported aximhéy andimadiwalllly I3ty gad dearhegs, theunhlag tl\rsBsugas;itrﬂ@r,ust
beari ngs 44 blg%m?enré?l%iot‘s)alf gé]d thne chentral bc%dl es 28 nd 43, .together

4

with two gas hr'us eari ngs petWeen t he’ totor 4 And t e Central
bodi es 32 anthBFgrébr waxhala sunsporetl,lyanichsueat Hey otynani cebMBlln@st’hom

schenat iygal | y 146 and 47 .. far S or t ng g4
respectlvely aroundgxﬂe ceer}ftt% %g{dfqég g@%an%ug% ?%ese gn? 35 gas

bearings beidrdei PRertRel PIygppl hawrd( h@@lfé@yfﬁan‘l’hth bé&&ei n@%@l@l yapgl i ed
Wi th conpresseg ai rrmymosﬁﬁtﬂ CwhbeRr iqi9)rtakenqt hemyt h@ov@ér'fch§t t@k at

| east one conpressor, preferably the HP conpressor 16, and guided as far
as these bea®#rysd®y SRS | %%fa‘?ﬁel@r?%ﬁeghom ZOmlp s FbRN | n SR 1ng

t hi cknesses otidheywadssn Thesesgasnddear icogdudr idmd 4KamBY radv@nt ageously,
and as H% knqhould be noted that the radial space between the
thermally insulating walls 39 and 42 may be subdivided
into radial ducts 41 by ribs integral with the wall 42
and with the central body 43, and that the exhaust
ducts 41 are extended by sleeves, not shown but
20 indicated in Figure 1 by dotted 1lines, which pass
radially through the intermediate and outer casings of
the engine, and more precisely the intermediate 23 and
outer 24 cylindrical walls, emerging outside the
engine.
25
It should also be noted that the rotors LP 3 and HP 4
are supported axially and radially by gas bearings,
such as two gas thrust bearings 44 between the rotor 3
and the central bodies 28 and 43, together with two gas
30 thrust bearings 45 between the rotor 4 and the central
bodies 32 and 37, for axial support, and the
aerodynamic bearings shown schematically at 46 and 47
for radial support of the rotors 3 and 4 respectively
around the central bodies 28 and 32, these different
35 gas bearings being either self-supplied (hydrodynamic
bearings) or supplied with compressed air (hydrostatic
bearings) taken from the outlet of at least one
compressor, preferably the HP compressor 16, and guided

as far as these bearings by small channels (non shown)



per se, be plain bearings, foil bearings or pivoted pad thrust bearings,
whil st the axial gas thrust bearings 5 44 and 45 may be of the hydrostatic
or hydrodynamic type, preferably with spiral grooves, for their structural
sinplicity and their efficiency. The ga? circuit in this mcro gas turbine,
whose 10 overall diameter is apprOX|na é1y 15 mnm and whose radial and
axi al dinmensign ratio_is_arou

d i s _as WS, adnl si on s bei ng
anbient air. f?ﬁg ut SPdetafr | 8?%%5?73 v? ﬁé rﬂf{}]l S%O%af‘s (see
arrows Fl) obethéngP dén&nuiugalmegnpmh%mmﬂaqébusldue amdthe ret ddricom of t he

LP conpresso I of .t d es into
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conpr essi on thrueWs AL indw LPhaénprégsedaanal|$ﬁﬂn dh;eetedmﬁnmﬁmﬁs F3)
towards the apnyay Bl gf, 35 Qf o*fh%h!ép GOAPLESSRE 16, V1 @ < yog}h“?zﬁcLP

conpressed air duct 25 in which this alf may a vantageou cooled if
the inner suE¥Bge arﬂﬂedil'eltadelbut i t8ur fERErdt t BECOFESer cYPEndrihedlr wal | 24

of the enging:pastngalss2pphievitdedny thdiins ofi sRirkas. or simlar heat sink
menbers, as shown schenatically in broken I[ines by the fins 48 projecting

fron1the outer face of the outer wall 24. As the internediate wall 23
defining theTh® gospressediairiductnh2s imither mghky itn&wlalte' ng,whtdsies 30

wal | 23 revents P co ressed air from bein reheat ed t
e hear odpneaRe Al C o BRREE T RE: dBPPERR TR Y93 15onal | Erihs A Tved at

the inlet 35r@a1aheenemtaxﬁagaJdiﬁ§h$fbmonpnﬁssois16;rddnmiLR coipr essed air
t hen passes ?&figH%g ﬁg gg&ﬁg;ggﬂd ng E nﬁﬁ%&ﬁ:%@e | 8, then passes

into the diffuser second conpression (arrows F4), the HP
conpressed air is channelled by the inner duct 26 (Arrows F5) as far as 22

the Inlet ofrhbe el dRonbust hah hARDeEnl9:d Nenbl Ghindilee HngoEPHGSSEd air

i's nlxed mnth rocar bon- _
(see arrows Fl) of the LP centrifugal compressor 15,

due to the rotation of the LP compressor wheel 7 of the
LP rotor 3, and this admission air passes into this
wheel 7 then into the bladed diffuser 9, and after this
first compression (arrows F2), the LP compressed air is

20 directed (arrows F3) towards the annular inlet 35 of
the HP compressor 16 via the outer LP compressed air
duct 25, in which this air may advantageously be cooled
if the inner surface and/or the outer surface of the
outer cylindrical wall 24 of the engine casing 1is

25 provided with fins or spikes or similar heat sink
members, as shown schematically in broken lines by the
fins 48 projecting from the outer face of the outer
wall 24. As the intermediate wall 23 defining the LP
compressed air duct 25 is thermally insulating, this

30 wall 23 prevents the LP compressed air from being
reheated by hot or reheated gases and components inside
said wall 23.

Once it has arrived at the inlet 35 of the centrifugal
35 HP compressor 16, the LP compressed air then passes
through the corresponding HP compressor wheel 8, then
passes into the diffuser 10 and, after this second
compression (arrows F4), the HP compressed air is

channelled by the inner duct 26 (arrows F5) as far as



based fuel or hydrogen) injected into this conbustion chanber 19 via one or
nore fuel supply tubes, such as 5 the radial tube 49, prior to conbustion of
this m xture wunder the control of an ignition device 50, of electrical
type, which, like the fuel supply tube _ passes radially through the
wal l's 24, 23 and 22 from the outside of the engine, energing into the main

10 conbust | ophehamhert 19r The facin t BahnhBei bAN&M LA N1 90T jhheHnner wal |
22, which separates the inner duct 26 conveying HP conpressed air fromthe
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the doubl e agyastiageicaf €00IHyrddurs) Mahgetakbawhinte 15hpéer¢eﬂrtbmltd1ﬁ HP
conpr essed alﬁ pann IIed in the duct 26 _before intr ction thereof into
the mai n conblst Chafber O2§ & i hete by Uhe SR IWI EOnd&E i véShal | 22
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2la (arrows V—'%? to ds ¢ h etOSf e d]gé}Jqub(iﬂ or“9416F t Pcl’ ur bi ne
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outl et of the secondary anber 20 (arrows F8), whence gase;é{)roduced
by conbusti o‘hraF]éegthpdéé Q”’élrlrlo\/\?sszQ“)thﬁP 2SR 3 BIP af NEUANNEST | ween
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wa as S outer ra inlet o i stributor 0 e
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driven in rmattne byubme gases yygdused-dyl Degbusi sonavkiréhl expard and
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(arrows 11)
26 before introduction thereof into the main combustion
chamber 19 defined by the thermally conductive wall 22
and partition 21. The gases produced by combustion in
the chamber 19 are guided via the convergent path
20 around the frustoconical partition part 2la (arrows F6)
towards the 1inlet of the distributor 14 of the HP
turbine 18, then pass into the HP centripetal turbine
wheel 12 in which they are expanded, and these
combusted gases which 1leave the expander of the HP
25 stage 2 via the annular outlet 38 emerge into the inlet
of the secondary combustion chamber 20 (arrows F7) and
enter the frustoconical volume defined by the central
partition 2la, which converges axially towards the
outlet of the secondary chamber 20 (arrows F8), whence
30 the gases produced by combustion are guided (arrows F9)
via the radial duct defined between the walls 21d and
42, then axially (arrows F10) inside the intermediate
wall 23 as far as the outer radial inlet of the
distributor 13 of the LP centripetal turbine 17, of
35 which the wheel 11 and the LP rotor 3 are driven in
rotation by the gases produced by combustion which
expand and then leave the LP stage 1 via the axial

annular outlet 40 of the turbine 17 (arrows F1l1l) and



then via the radial exhaust ducts 41 towards the outside of the engine

casing (arrows F12). The presence of the secondary conbustion chanber 20, of
5 which the frustoconical volune is defined by the central partition 21, is
advant ageous, because it nakes it possibte to reheat the gases produced by
conbustion stemmng fromthe outlet of the main conbustion chanber 19 and
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this mcro gas £r bithe:
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chamber 20 through not only the walls 24, 23 and 22 but
also the cylindrical wall 21lc, combustion in this
secondary chamber 20 of the mixture of the fuel
introduced via the tube 49' and the gases leaving the

20 HP turbine 18 being ensured either by self-ignition, as
a result of the high temperature of the gases leaving
the HP turbine 18, or by means of another ignition
device (not shown), similar to the ignition device 50
provided for the main combustion chamber 19 and

25 likewise passing through the walls 24, 23, 22 and 2lc
such that its end emerges into the secondary combustion
chamber 20 at a short distance downstream of the end of
the fuel supply tube 49', the flow of the combustion
gases in the combustion chambers 19 and 20 thus being

30 in countercurrent, which 1s combined with the other
technical features relating to architecture, structure
and choice of materials to achieve an excellent control
of the thermal flows in this micro gas turbine, of
which the efficiency 1is consequently elevated. 1In

35 effect, the structural elements (walls 23, 34, 39, 42,
flange 33 in particular) separating the cold parts
(compressor wheels 7, 8 and walls 24, 27, 31) from the
hot parts (combustion chambers 19, 20, wall 22 and

partition 21, and turbine wheels 11, 12) are each of



partition 21, and turbine wheels 11, 12) are each of - 24 thermally

ihsul ating material, whereas, conversely, the structural elenents specific
to a single part, whether it be cold or hot, are each of at |east one
thermally conductive material, which_prgnotes the aerodynamic 5 properties
of the turbine engine, pronoting radiant and/or conduction and/or

convection cegki-hg19f, tiheui1Qutigly g@&&vﬁ% - 24r3Le 95, t Rt iNg, engjne and

of the two conpressor wheels 7, hi | e pronoting tenperaturé mal ntenance
in the hot paFFYCtHTRhe SIEMRGHIS vOPRARISE tPO & heliEtBi Ré réngiiEt i\ Qure 2

shows an enbedi mentcfd acfl 6@ ,gasrd UsBEReoef att heea¥tt Bhe thenelune” or

"t her nodynam ¢ aocoon" tr\age whi.ch i ,Eglre conplete and nore effective from
an 15 ener gyCSPaHEpOVAL , PPACE dr al“i’g‘é nt PRATORSSs, GF  ASTRAYBIELS eser ved
for terreéstrpabpapplieeatbonsthéortumbigd tdigyimpd N @rddrest g | adtardthe

wei ght of the_.installation, but the good energy yield |level. Ln this
enbodi nent, tRE’8ht e CREEFH{OPa- 35S f%of ctoﬁlé(ec%x bt G s Cizf?rné:ll?ed, over
the maj orityootert sasaxigal2he€l izl of ahei nmpebieableygtheseddwatferthieank 51
with a ther y l.at.ing t-agepusl.y. dou - | e ter .shell 52,
such t hat o%#tﬁéﬂggregggg? iwﬁ%%\zl%noﬁt gér)’ c"él)s{}gég; %ﬁ?rgﬁ\égh rgt?n%se%taﬁzlr%asi ng 5
of the LP smhageténpnoer ddestiadohett manipgpernwahe ofentweabuvelumshelfl 52 of

the tank51.Jhe.gicfQLuchiRgepartially imersed in the tank 51 is
substantially 1dentical to” that of Figure 1, except on three points, one of

which 30 is that the inner face of the outer cylindrical wall 24 is
provided w thiheas i Bhowdl kas dfbolnatgadoef at e c£pokhegtlirpsnd8 ogn the
outer face of this wall 24 in Figure 1. Another difference is that the
outer bead 29"€sulFibiihdi fg'e hECAHRe | nPét "3 SHRAh AT St G§E°21 n t¥BSFi gure 1
i's enbodi ed, which hei enbashdrerdof 1 Ht Qurh 2, mdse acdramelve9' tdot swppl yi ng
gas to 3 starter device des%ri bed bel ow, for ensuri ng st%rt .of the
57 "energy standpoint, In an arrangement hic is, 1n
principle, reserved for terrestrial applications, for
which the main criterion i1is not the weight of the

installation, but the good energy yield level.

20 In this embodiment, the outer casing 24-27-31 of the
microturbine 1is immersed, over the majority of its
axial height, in an impermeable, closed water tank 51
with a thermally insulating, advantageously double-
walled outer shell 52, such that only the part of the

25 outer casing which surrounds the casing 5 of the LP
stage 1 protrudes above the upper wall of the outer
shell 52 of the tank 51. The microturbine partially
immersed in the tank 51 is substantially identical to
that of Figure 1, except on three points, one of which

30 is that the inner face of the outer cylindrical wall 24
is provided with heat sink spikes 48' instead of the
cooling fins 48 on the outer face of this wall 24 in
Figure 1. Another difference is that the outer bead 29
surrounding the air inlet 30 in the LP stage 1 1in

35 Figure 1 is embodied, in the embodiment of Figure 2, as
a channel 29' for supplying gas to a starter device,
described below, for ensuring start of the
microturbine. The third notable difference is that a

lateral inlet 53 is arranged as a small, substantially



m croturbine. The third notable difference is that a lateral inlet 53 is
arranged as a small, substantially 25 radial duct through the outer 24 and
internediate 23 cylindrical walls and the LP conpressed air duct 25, so as
to bring the interior of an upper annul as chanber 54 of the tank 51 into
communi cation with a part of the 5 outer radial periphery of the radial duct
defined, in rabicab eraitur bheeugbetswenoukerr azlt akhneal 15t 2ddeandt42,23 t he

parts and co nents of the.m crotyrbi of Figure 2 which are_.identical to
t he correspo%gﬁﬁﬁgﬁé??i ﬁﬁglscéﬁf%ﬁgﬁ?gﬁ%fc?%%gﬁ?%?%tﬁFﬁiﬁ@cgf%érgﬁpe 1
bei ng 10 | abesl ed birtihgt lidesame aefar enteamunppat saandlaot chembgr ddscri bed
again. In thece di f H e st e 1.gi pati from
the LP turbiﬁg %ggwig??%e%115isu s?én Fgﬁfé{gg |£rg§ﬁc§sE%%h%f8?h§%%

mi cr ot ur Bi necwater dirrgéedd ponwapdsryhefsuroundidhglatdvogphdeéifads ows F13)
by means of ggpahakeouch RS ARSI [BROUIAIAT  dJaAnks S1qaaddoluhi ch

only one is shown in Figure 2, uct extending vertically so as to pass

not only 20 ¥f¢oBgktehaenshpermpements efaher WwririuEbseet REodguge | over

annul ar champeyh3@nofathe it ivha1 t ecer@ideceprebBenauhg dsastst hed evel of
the ower wall of the shell 2 thereof. The water contained._in_ the | ower

chanber 56 ©OPMRMRERERK 81 i $NFeatBFIRFUIREIDR crot ur biATBy donPReR925 wit h
its outen cabamglP4d3dian wakl samdyrdfwera@xd@usime t4TE Sabd, nschetihat this
water, admtted i todthe | ower chanber 56 of the tank 51 via a | ower

| ateral wat e7°°ThRE“5%9218 transformed into pressurized steam Wen the
pressure of the steamin the |ower chanber 56 is at 30 | east equal to the

pressure of e u eni romth ec co tion
chanber 20, %b J%ﬁ%g %%?g%%ﬁﬁﬁgd ?% PﬁgagFénsgzrsghéepggg%F%S ggggﬁtion 59
bet ween t he @higertsingd anfré® of thhe t ARk 6urband sefl7t o whe apphepri ate

pressurgs i ssapengde sy, 39 1al thecsteam fit ! snkhe, upner, shagber a4 and
directed towards the surrounding atmosphere (arrows
F13) by means of separate ducts 55 passing through the
tank 51, and of which only one is shown in Figure 2,
this duct extending vertically so as to pass not only
20 through the upper annular chamber 54 but also through a
lower annular chamber 56 of the tank 51, to emerge on
the outside at the level of the lower wall of the shell
52 thereof. The water contained in the lower chamber 56
of the tank 51 is heated by the microturbine by contact
25 with 1its outer casing 24-31 as well as by the exhaust
ducts 55, such that this water, admitted into the lower
chamber 56 of the tank 51 via a lower lateral water
inlet 57, 1s transformed into pressurized steam. When
the pressure of the steam in the lower chamber 56 is at
30 least equal to the pressure of the combusted gases
stemming from the secondary combustion chamber 20, a
valve 58, mounted in  the transverse separating
partition 59 between the chambers 54 and 56 of the tank
51, and set to the appropriate pressure, is opened such
35 that the steam fills the wupper chamber 54 and
penetrates through the lateral opening 53 (arrows F14)
into the microturbine, where the steam mixes with the
combusted gases stemming from the secondary combustion

chamber 20 before entering the LP turbine 17.



penetrates through the |ateral opening 53 (arrows F14) into the

m croturbine, where the steam m xes with the conbusted gases stenmm ng from
t he secondary combustion chanmber 20 before entering the LP turbine 17. 26
Thi's conbi ned thernmodynanm ¢ cycl e enbadigent, in which steamis mixed with

t he gases produced by conbustion, has the advantage of reducing the
tenperature of the 5 gases produced by conbustion to a tenperature which is
nore acceptable for the distributor 13 and the LP_ turbine wheel 11, and

al so of i ncr&asf n§OrMRe NECovk R rMRRAENPBLS| FYCILAt EHIRA IR} tyr bi Re WA Chand
therefore ofstéaereasinkddewsupplied poves. pHienervel wpe cehbwateonlO (st eam
or liquid) i ch urrognds the mcrotuyrbine insulates 1t fromthe outside,

so reduci ng &her §y'€ 1 dS¥eRLaAA] ci FPEUELRY iTegFSPPERtHEPeo?t i N8

recept acle idgqdensegdrbberetony oforabeOBSONEE oURI ttenf@eth tti g *Nienbaar d
energy source. 15 As a variant, the exhapst ducts su as 5 b

ext ended t owaros aa%%?‘%te%%je? (%%{ sthl?)?/vn)(:}J ot]%f;b%toorr htaov th%t 3?

cont ai ned i ntyheigasehesglectbed famom aise wifcrivtardamneng2@he thlowgarfd to t he
form of usef p [ pl J t i rbj pe, C i - may be
recovered fr n?agﬁgﬁé EP(%%?gsE%ﬁh?E?igkgéq%% ?kg Lﬁgﬁopggéégﬁ%ggrﬁé the LP
t ur bi ne wheelndneasipowdme usbppe ivkeaboweevolliengeRBedora Mhwaseat i onal
speed (sgveralibundred th LRE t ak| LQLo oupt LL size
thereof in | %s nicrotprﬁgﬁgaghbveg%ﬁelgéggg?hggelgg%ri@afkpgﬁigﬁsgthe nost
useful 30 aMtPYlrtdestibhdapted tbhatiPukatden ofotheedyefiop energy
suppl i ed by thesdd tHRRI NekA Ot POWRY t UrbEgeatiShvenddessmal {ndi gensi ons,
an electric enerato%%of, the magnetic type is advantageously used. In

effect, 35 SIEARTICHRNerBLEPECSF (ML Er 0sPRLI @ t YT EHeF reunit

requiring an onboard energy source.

15
As a variant, the exhaust ducts such as 55 may be
extended towards a condenser (not shown) so as to
recover the water contained in the gases ejected from
the microturbine.

20

With regard to the form of useful power supplied by the
microturbine, mechanical power may be recovered from a
shaft (not shown) linked to the LP rotor 3 bearing the
LP turbine wheel 11 or power turbine wheel, revolving
25 at a high rotational speed (several hundred thousand
rpm), taking into account the small size thereof in

this microturbine.

Nevertheless, the electrical form is the most useful
300 and the Dbest adapted to wutilization of the wuseful
energy supplied by the LP turbine 17 or power turbine.

Given the small dimensions, an electric generator of
the magnetic type 1is advantageously used. In effect,
35 electric generators of the electrostatic type require
air gaps which are far too small, resulting in much too
great a dissipation of energy due to friction of the
air against the walls, and therefore, consequently, in

significant heating. For these reasons, an electric



air gaps which are far too small, resulting in nuch too great a dissipation
of energy due to friction of the air against the walls, and therefore,
consequently, in significant heating. For these reasons, an electric 27
generator of magnetic type, with an air gap of at least 10 pn1 IS

advant ageously used for a useful power &f the order of 100 W In general ,

at | east one er manent F%pet i.s fixed on, the rotor égen%&a bile

a
disc) 5 and dritea ?roﬁg %lncdltrydjef S "H%da%pﬁbgl B ¢ or‘l_’lty 15 H5%ator. In
t he case of éOmlmr ofiar bidve,ntarykcass yr oposkedfor nat heedbovpovictred fpathent s US

5,932, 940 9 1 t I
G so integral mthLhatl als T ChETG: BF 1HeTP 10 Comsacesr ™ {ho

Wi ndi ngs beimgIpehced dppexd teni thenrothe c(a@n@rah%o&we@emobdé@ g ate hot

envi ronment, jf hege 1le§s% ro'n%k ftl%act FRI G 1 €5 pPiJ@éd%b{;oQ?t%e%h%% Aand
therefore there is a risk that the pernmanent nagnet | ose 1ts magnetic

properties. 352tarorder tth@ s%%%u@fdaaﬁu@r@diturﬁ%l%ne?%@oﬁsoﬁDrW@ﬁ c type

at the el evaigdthemR@yAidre {1 &yebst8AEUDKErELDIN 9dheantcigiztap, @f13t he
rotors 3 and 4 of the mcroturbine according to ‘the invention,

arrangement 3hEFFTARSIY FRGaREt2 BHY #8scP1Be8 hélid § <t v 2Rt a@e%lcy used.
In this arrangesgnsl thethP emetrbiugak cefpreasor rddor diofensinenedp

di ngly, I t LP . i t 1 el
Gownct 1 A oFSTEELEFEF (g es g M RRRT b ORSa ol et BBH0SE D) PEC Bart owe
F2) the HP thwepcessoy.l6lonevdhe mmetoLIEheonmtesesxevilaonmdutt 2Bherewhi | st
the 2nd ci rcy%';] cogﬁékset%aac dyﬁ% {Dgng remyt Bg o}yégéhggm g?lﬁof t he

rou ri ca e

m cr ot ur bi ne the cylin I'n "an” ext’ensi on of
di ffuser 9 B@Wﬁ@rmyhbéesabstaamuseh I’%bér’facﬁfm pardasappl negngitt maypP

conpressed aj§5d aﬂgvyn§&§gt§ccgggbbggggl turbine 61 conprising a
distributor 62 with fixed, annuiar blades surrounding the centri petal

t ur bi nelwheel 63, whose
In order to safeguard an electric generator of magnetic

type at the elevated temperature levels encountered in
the vicinity of the rotors 3 and 4 of the microturbine
according to the invention, the arrangement shown in

20 Figure 2 and described here is advantageously used.

In this arrangement, the LP centrifugal compressor 15,
dimensioned accordingly, supplies two LP compressed gas
(air) circuits in parallel, downstream of its diffuser
25 9. The 1%%, as in Figure 1, supplies (arrows F2) the HP
compressor 16 via the outer LP compressed air duct 25,
whilst the 2" circuit comprises a duct 60 emerging from
the outer <casing of the microturbine through the
cylindrical wall 24, in an extension of the diffuser 9
30 which may be substantially radial, and supplies with LP
compressed air (arrow F15) a centripetal turbine 61
comprising a distributor 62 with fixed, annular blades
surrounding the centripetal turbine wheel 63, whose
blades are carried on one face of a rotor 64 in the
35 form of disc. On the opposite face of the rotor disc 64
from the Dblades of the centripetal turbine 61, a
permanent magnet 65 in the form of an annular disc 1is
adhesively bonded or embedded on the rotor 64 and is

connected for retation with the rotor 64 and with bhe



bl ades are carried on one face of a rotor 64 in the 35 formof disc. On the
opposite face of the rotor disc 64 fromthe blades of the centripetal
turbine 61, a permanent magnet 65 in the formof an annular disc is
adhesi vel y bonded or enbedded on the rotygr 64 and is connected for rotation
with the rotor 64 and with the - 28 turbine wheel 63, and rotates opposite

flat ar ][raturgu_rwiﬂai N@se &, g?nmf bhhi zleﬁtaitﬁ,é h@plpgltstiQ@ Oflétc)é{ﬂnﬂsllirdl;‘efﬂ |
recess fornmed.in.a support, of. a therm n ating material, fixe
latoral |y i nieaHiNPayEPed TR TS i 5ERFePPEEIMoP Lt Re TAMOGE S
constituti ngracpast fofrmehie ircasippbria c¢Urbdgenehatrorw 18y tinsafarimed, of
which the ¢ | enent ar, art, of t casi ng_consists qf _an_ extensi,on 69 of
RN a3 24 hAse RSB A Shab oy B H i S S TR Skt S
casi ng of5 t heh¢Dlt G2badensrat banB8)lamnanmdrest idpenimg &spartardedhear ound a

cylindrical i ral _body ]:Q:,Q_fi q_qitt' utes e i outd 7 t he
centri petal {[;%rg%lﬁﬁeoglg ttﬁlgr 10w o #_1{3 %%n%}rl%gs£§§glg?’aﬁfi \?’ithnlgc}la%fhtehi S
turbine 61 eempPidvedtiery60 degithg @l detieby adsd faacecoisthesr otdr BR di sc 64

on the side of+theibhades of the tawbing - wAesh, 63,angahy the gppasidg

casing part 69 towards the axis of rotation of the rotor disc 64, before
t he expanded"l@FPtisPéRRausted Q¥iser Ppassafe itk o 5 sCREABPneCH1 Bfi®a t he

axi al annoul atuppbheheFitoThe 68l ectdri cCalnwurdent sp@Rihgduesed it ik ndi ngs
66 by rotation of the nmagnet are coll ected by7@1n el ectrical, energy

65
storage bat t2FGUNY2 AngdYLL8dE<Eadi at BT ER b i ¢ /oI SRS TedtHSat i ng
circuits, thtisebaktaly ol lesi MYl suppehkedtandepdtEel tusbiaéi Bg,swpeort 67,

whi ch ther na%Jg%wi nzul al; esot he gS | ect riac %e‘rfler at or 33{66 gn(rjbt he té.irbi ne 61
of the turbbgefieldt ot® 68°WERSFEFartt o The  tA%i AG 24151 bFIPHhE
m cr ot ur bi neyisutheurdiatly ¢hebewogr ghordedB apndtie fidwe cofrbtbei o tolranber s
Lae"0cE TP ML D SETEeSHEty L O s L BoTacnnd i 26 ane
63 and by the opposing casing part 69 towards the axis
of rotation of the rotor disc 64, before the expanded
air is exhausted after passage into this turbine 61 via
the axial annular outlet 71. The electrical currents
20 induced in the windings 66 by rotation of the magnet 65
are collected by an electrical energy storage battery
72 and its associated electronic control and regulating
circuits, this Dbattery 72 being supported under the
insulating support 67, which thermally insulates the
25 electric generator 65-66 and the turbine 61 of the
turbogenerator 68 with regard to the casing 24-31 of
the microturbine, surrounding the two rotors 3 and 4,
the combustion chambers 19 and 20, together with the
compressed air flow ducts LP 25 and HP 26 and the ducts
30 for flow of the gases produced by combustion. Thus, the
electric generator 65-66 1is the seat of only moderate
temperatures and retains its electrical effectiveness.
As 1in the «case of the rotors 3 and 4 of the
microturbine, the rotor 64 of the turbogenerator 68 is
35 supported axially and radially by gas bearings such as
the aerodynamic bearing 73 shown schematically around
the central body 70 and similar to the aerodynamic

bearings 46 and 47 of Figure 1.



el ectric generator 65-66 is the seat of only noderate tenperatures and
retains its electrical effectiveness. As in the case of the rotors 3 and 4
of the mcroturbine, the rotor 64 of the turbogenerator 68 is 35 supported
axially and radially by gas bearings such, as the aerodynam c bearing 73
shown schematically around the central od_y 70 and simlar to the

aer odynanmi ¢ earin 46 and 4 rthermore, supply of
the centri petEgI %trhur |Onree’6158¥Dp Jl[: oge%%m:’afo]?e%@E Lhr}fjhrée f I6 ‘lr LP
conpressed &he ttmgengratart h@ dwa:thG(IIfer ofmlble cbnpPessorpidssead the LP

stage 1 of the,m r £0 | l.ed ning eck
val \g/e 74, selggctlt?/% yéjlcﬂo ng o%th@%ﬁc?%ﬁﬁ gﬁgarl a ?erys%rro £4
centripetal edrkibge 1@l Tagdel slpphredictesmrbhacduety 66 thm‘@[@hl%d voI ute
(not 10 showy) & g@dé ngibRbs GetK ipetad turbisae oLl NSt ead, of

centripetal annul ar fuser 62 with fixed blades. The battery 72 y be
connect ed byC&f FE&stusite 6015 el ectrical power outlet, shown schenmatically
by the two conductors 75 in Fi gure 2, to at | east one electrical consuner

unit. One specific consunmer unit, %E)I ied by the conductor 20 76 fromthe
battery 72, €8nsPstYadilaHe elt'eléffrlﬁ tr’r@‘ﬁ‘FﬂontHépllE@(s) 150 M6 odiat ed
with the mai Bupponbust i groghagher dfctt ogef hetfhﬁ\blh@hth@ passitd e (reddm | ar

ignitio evi ces (not shown), assqcjated with e _se ondar conb st
chanber b 5ESRAO R TR D o UHERt BhPE iy CBEDS Hodting SR S or 77,
di sposed insbde the | ovarrdipanadr S6inaflart heiltfa‘ruiséirl Ggaiwisth t hiei seat t om of
t he shell gag supplied by the electrical conductor 78 fromthe 30

battery 72, Po pr Sduce pressuri zed steam supplying the LP centripetal
turbine 17 of the mcroturbine, in order

The battery 72 may be connected by at least one
15 electrical power outlet, shown schematically by the two
conductors 75 in Figure 2, to at least one electrical

consumer unit.

One specific consumer unit, supplied by the conductor

20 76 from the battery 72, consists of the electrical
ignition device(s) 50 associated with the main
combustion chamber 19, together with the possible
similar ignition devices (not shown) associated with
the secondary combustion chamber 20.

25
Another specific consumer unit may be a heating
resistor 77, disposed inside the lower chamber 56 of
the tank 51, against the bottom of the shell 52, and
supplied by the electrical conductor 78 from the

30 battery 72, to produce pressurized steam supplying the
LP centripetal turbine 17 of the microturbine, in order
to start the latter, thus fitted with an electrical

starter with heating resistor.

35 Advantageously, however, the microturbine is started by
means of a pneumatic device, since other components
suitable for driving the LP rotor in rotation to start
the microturbine, such as an electric motor for

example, are too sensitive to a hof environment.



to start the latter, thus fitted with an electrical starter with heating
resistor. 35 Advantageously, however, the mcroturbine is started by neans
of a pneumatic device, since other conponents suitable for driving the LP
rotor in rotation to start the mcroturne, such as an electric notor for
exanple, are too sensitive to a hod environnent. 30 In the enbodi nent shown
in Figure 2, the pneumatic starting device is a starter 79 in the formof a
gas generator by conbustion of a solid propellant, a 5 cartridge 80 of
which is posFhioheRl ishkediftentar Shotbushi oblghafbe?, STthE tHe Wadricer 79,

combustion oftatbengarddidae 89, of ostLxgapl @90fi A thewrampesat Hr &as
propel | ant, bei ng?control | ed for each start of the, mcroturhine by an

el ectric or BFBRERFEAI I ¥Vt r iSRRIt 10 pﬁfote‘%hn?‘élilanl ProRcdedrde 82
accommodat edcattt:m@gbaseo obft hehgerbuski opoghanberd8l.irt he i ghidulen devi ce

82 being supplied via't | ect nduct or_ 83 omth attery 72 and
the tubular CORBUSEIOH GRAMGET Gl of it ROS Foratch Uy EEMBYSEaath f via a
conver gent pahé 834ar15:11dgeo 8.0V0|ﬁ1:151€ 85danpr1angeﬁ ans‘ir&wth@ntpmreirtth@ad 29'
surrounding th | ar mssmn ajr t 30 of 1t P gomressor, 15 of
the mecr oturé)lrﬁ%,gﬂggcﬁ tha‘?ln consf?heg?ngr es?ﬁtleac rom TohbL? fl Zc(r?ll f the
solid pr opethianotusbdneed;mdam aalécdterm)noer gae]mctpraichaBlly tthe @@ real ut e 85

and Il 9s 36, 0cLbn18dan vkl 2EAlcd oy Axialnandioh Lbe sasipg.of the

m croturbin SO as use the rotor to rotate In
particul ar, ¢ fie tihesi @emot s £ heny gthaTd 85 8§,cd'n‘rféctlédlfcéont héevhse dd2of t he

outer casi ngo@IncE h§uﬁb§588“'§79'an9ch@/ 2 Al s £t ecoﬂél‘@éto,%aﬁge@trbﬁﬂ il ets 86,
passi ng through "this casin | eading into the channel of the LP

conpr essor v&%‘é’?el?y 4% agdt h@or‘ﬁ%ﬂlcaaﬁ &Od“lﬁ%fi'%% chapgae 86 PhethsStor 3 of
the LP stageidni8fottddviidie nom nahdphgssiire eondbhiengeate g£Lached, the

mero check yalye or gRie. "% MO RH ALES L " P Suter bead 29
surrounding the annular admission air inlet 30 of the

LP compressor 15 of the microturbine, such that a gas
stream resulting from combustion of the solid
propellant is directed via the convergent path 84, the

20 volute 85 and inlets 86 in the radial wall 27 at the
axial end of the casing of the microturbine, so as to
cause the rotor 3 of the LP stage 1 to rotate. 1In
particular, the inside of the volute 85 is connected to

the inside of the outer casing of the microturbine by

25 discrete, quasi-tangential inlets 86, passing through
this casing and leading into the channel of the LP
compressor wheel 7, so as to communicate a driving

torque to the rotor 3 of the LP stage 1.

30 Until the nominal pressure conditions are reached, the
micro check valve or gate 74, which regulates the rate
of flow of the LP compressed air stream towards the
turbine 61 of the turbogenerator 68, remains closed in
order to facilitate start of the microturbine.

35
As a variant, a cartridge of compressed air may be
substituted for the cartridge of solid propellant 80 in

a compressed air starter which may be substituted for



of flow of the LP conpressed air streamtowards the turbine 61 of the
turbogenerator 68, remains closed in order to facilitate start of the

m croturbine. 35 As a variant, a cartridge of conpressed air may be
substituted for the cartridge of solid %rogel lant 80 in a conpressed air
starter which may be substituted for - 1 “and preferably interchangeabl e

with the gas n t rt it is.preferre f certain
applicati onséggo%rzeeég?kﬁg Egr&?é hs\oz%rgb&veai a etae theSL ergloevve‘_’lrt_'otrur bi ne
17 in pneunatactéordP.it will be noted that conpressed air is directly
avail abl e thanks to the flow of LP conpressed air conveyed in the duct 60.
This duct 60 may then be arranged as a volute externally surrounding 10 the

casing 5 of When| ptstiggeoncforred! | deti eierdfairheaPibt ki BEoRdnpEessse air in

a duct, af thgepLRe AMPSHoIOF 2690086 0Nt Ot hBe T ROIJY Of PASHIRLI G 7
utilization., K Figure 3 shows a variant. of the m croturbine of Figure 15 1,

in which onl ¥ tReeHPasiagd okals BderinodiRG e0tedichhathapmpREssererifar ts and
co][rponents oisthaliﬁb@rcquurtgmu&ilee:cabﬁébﬁg !lﬂoFlhg_*Hee 3twbiyh bge $AITe
reference nunerals as in Figure 1, function in the same way an re not
descri bed agsfTPTSBSF FAigurEOBVeVRE gds EBRPIESS ofio medis Sardghs 20
expansi on nemng ofiehhBeHRrsbhageR'asna | Wwhpete CORBEShall @spactrioveldingf an HP
centrifygal conpressor such_as,l1l6 ssoci at ith an .annul ar dif fuser such
as 10 and of" % 5ﬁsll||5gce$:t Pipé It‘]‘alr Sitﬁgesﬁﬁhwgg fi?rla%sescgc]ioeﬁ eakvm#)ﬁ an
annul ar di stwobluing soamhrassd ianrFiiguree dyctw tdif athe opbped tiypeegrfald y
connecting t rifugal ressor l. 8 1 HP. centri pet al

t ur bi ne mhee?gn{ﬁ%gﬁﬁlﬁ 18{3 gﬁ eeﬁgggkﬁgmﬁng\g%ga%ﬁ/gvé&cqgnlp%gcsls%or}‘ 30 expander,
or "wave rotor", or alternatively sonetinmes known as a "pressure

exchanger”, ?!E&%bcgngﬁh§@§e?-variant of the microturbine of Figure
15 1, in which only the HP stage has been modified, such
that the other parts and components of the microturbine
are labelled in Figure 3 with the same reference
numerals as in Figure 1, function in the same way and
are not described again.
20
In Figure 3, the gas compression means and gas
expansion means of the HP stage 2' no longer consist
respectively of an HP centrifugal compressor such as 16
associated with an annular diffuser such as 10 and of
25 an HP centripetal turbine such as 18 associated with an
annular distributor such as 14 in Figure 1, with a
rotor 4 integrally conrecting the HP centrifugal
compressor wheel 8 and the HP centripetal turbine wheel
12, but of a device known as a wave compressor-
30 expander, or "wave rotor", or alternatively sometimes
known as a '"pressure exchanger", which comprises a
cylindrical rotor rotating about its axis in a coaxial
cylindrical casing surrounding the rotor, and having
generally four fixed ports or openings in the casing,
35 opposite which there pass channels formed in the rotor
and thus alternately opened and closed at their ends
when the rotor rotates in its casing, such that air,
admitted via an admission air inlet port, is brought

into direct <cpntact with hot, compressed gasas,



cylindrical rotor rotating about its axis in a coaxial cylindrical casing
surrounding the rotor, and having generally four fixed ports or openings in
t he casing, 35 opposite which there pass channels formed in the rotor and
thus alternately opened and cl osed at -their- ends when the rotor rotates in
its casing, such that air, admtted via an admssion air inlet port, is

br Ouggt_ i nt Qdﬁlﬁ:t@@tl CpiY aet dqn'ihabmﬁss@@ﬁpriesm@ gfasse_,, SaEnd adlmatt eth Vi S a
gas adm ssion_inlet port,_and _that an enerqgy.transfer takes ace i nside
the rotor ch&Rfiéfd 4%??ﬁ%ﬁﬁa58§&ﬂ é%a%&péﬁé?gﬁ sr8ﬁ8rcéﬁﬁgﬁﬁﬁ%m

waves respecbivelysphatkechat gdsesxpadsiont heraaiers | rarll didoegiresontact in

t he channel s h _t hat conpresse ir . leave e _channel ia.a conpressed
air outlet \’6%??% gﬁgﬁ%cgle@eplg‘zdég écglseeshogzr egge“;’(%lgué Iéld Vi a&é% a&%t I'et port

t heref or .5 Théinave comprassorirexphadertsrorel s’ wagechotohat acengkremaeddevi ces,

based on the OV i d i SS, p we a he US
patents ci teaggel%w%‘p%%dttg]f% %ﬁgﬂﬂgzgodﬁr\éent%s ?\n&?ﬁEgisr%dan%iﬂo?uggsetﬁ nl et
and outl et pPPr§,aradfgedhen exeanded rgakesd awnk f sodwwitede WA | mdri cal

rotor are magkefed p‘é&‘%ertlf(é‘ﬁefggi. S%ﬁée%atJ@d@é%ﬁkeMRQ&EaIB_@i_a%’a\b% 15

conpr essor - expander, al sg known by the French brand nane , has al so
been the subj¥@¥eofr & OL5t es@ktat FRi} ndgN1ge6i cl 2 et redthEoP&Sseur -

det endeun a endes (FAREHIN:nBOUS 14k bbReena sgaZs elye 1IN ROT ALt eHE S Vave
%?ggbgfzérbgggﬁgggé %EE%%I&%QﬁIor 20 gg% t$nb%gfs anﬁ,tur%&&gg%hogik by Yves
D ASTRONAUTI XM, hble. gas 1996t aadddevellepmenirs s reegeddlyeg thetser wetoure and
app 1cation ol e RN coombrepsoL expandey: have Deel Upooyblacof
3,879,937, Unde288t2e3, 1dS¥stOFiedH24f-bBehahk?2, 8IBPRAIS 5, BRE, 2¥Aaveand US
5,894, 713, VWY, FOURLESQLan&ERANAEY § 0T £, SOAPANENtS, Mhiggl Nave3lhgady been
name CODETON, has alsc been the subject of a
presentation in an article entitled T"Compresseur-
détendeur a ondes (CODETON) pour turbines a gaz et
turboréacteurs"”" [Wave compressor-expander (CODETON) for
20 gas turbines and turboreactors] by Yves RIBAUD &
Véronique QUINTILLA, NOUVELLE REVUE D'AERONAUTIQUE ET
D'ASTRONAUTIQUE, No. 5, 1998, and developments
regarding the structure and application of the wave
compressor-expander have been the subject of numerous
25 patents, of which the following examples may be cited:
us 3,879,937, US 4,288,203, US 4,971,524, US 5,052,895,
Uus 5,522,217, and US 5,894,719. Wave compressor-
expanders are components which have already Dbeen
proposed for improving the performance of gas turbines
300 and ensuring supercharging of internal combustion

engines, in place of a conventional turbocompressor.

Although, in general, the channels or cells in which
the transfer of energy Dbetween compression and
35 expansion takes place by direct contact between air and
hot, compressed gases are substantially axial channels
or cells (straight channels parallel to the axis of the
rotor or channels which are curved but lead into the

two end radial faces of the rotor), it has recently



proposed for inproving the performance of gas turbines 30 and ensuring
superchargi ng of internal conbustion engines, in place of a conventional
turboconpressor. Although, in general, the channels or cells in which the
transfer of energy between conpression 35 expansi on takes place by
direct contact between air and hot, conpressed gases are substantially

axi al channe or trajght nnel,s lel to ¢t axi s_.of the
rotor or charg?%g S \%%?404103%%% cﬁ}rlggd %Elt% Ieahoargﬂ%%éthlér tv(\:/oqutnsd reaxlear?éfaces
of the rotorpubsiteniids lilecenafiyadly bieenaproposed hehvding hehehageredsaor cel | s
extend substgatialdy fadiakly,k (4ol hayi al hape of a
cylindrical whegie, W t%] g_gner aFFga?mﬁgglt'sw%ng?ﬁ?g gtgpvé:wtoz one sgnot her
in the circuRfépeft izglaBtbVe eti 0§ naBORARK, im BhAei MHdacusd zantpiosl ti on

with regarddt@ecthReohotal, 208,28 1St i 0r a5aSiNRGBr aPsy genepalkshiy i e oy ts
offset relative to one another in the circunferential direction in a wall,
in an outer FEEREFR TSosERS oROWPEN Pégdr FRIEheCRrBLBE; GG HE{TZROYY 10

casing, suchti;bat pbhte ssukstfyyt altyndatial ebanpgks anbeelid i near wghannel s
or channels curved_.into a Ror ion of a spi rali are alter natelya%{).e ed and
closed at th&FFCUEREFEAE Lo tie® FEdi™hl 1 ndsY 2 bpent-Rg 2BeiCtd Sferk by
bringi ng t hepokhtdoa pesithi oregppasi tte t héeportct oy arafangetk i rstfdtead

positio in_the inner _and puter _walls of the stator casing via apertures
f or med :lﬁ) t iegd™al 1 3% “%he l%agorv%e, JeHeT l%%ﬁ%erﬁ%%l%louﬁ argheglfr e, as
in a turbine(eagtnéiceapr edsinolexpansitomnesl sigeuredi dntonregtdrdniosd t h t he
remai nder of _th Jdnstallati i adn ssi;0 irqinlet, .a Qir:m- ressed
air outlet cgﬁngcggér{gg)aacrgenbaals. ef%rlﬁtc%i;ﬁb ,ﬁgérjl Qrell mcslé)lgoeg i ett(%l or the
conbust ed gaseBegoanAgotem thadiautends of opdreigonbasngoresiared and an

exhaust outlgt;§ohgt henepmbusied Q?S%§ogfgfbﬁXp§ﬁ98giE@ t%%e25ports
substantially radial channels and directed towards an expander, such as a

t ur bi ne ¥or éiéﬁﬁggd Shieh & ¥ed yositions in the inner and outer

walls of the stator casing via apertures formed in
these walls. These ports, generally numbering four,
ensure, as 1in a turbine engine compression/expansion
stage, fluid connection with the remainder of the

20 installation, via an admission air inlet, a compressed
air outlet connected to a combustion chamber, an
admission inlet for the combusted gases coming from the
outlet of the combustion chamber, and an exhaust outlet
for the combusted gases once expanded in the

25 substantially radial channels and directed towards an
expander, such as a turbine for example. Such a radial
"wave rotor" has been the subject in particular of the
publication entitled “NUMERICAL SIMULATION OF UNSTEADY-
FLOW PROCESSES IN WAVE ROTORS”, in the "Proceedings of

30 IMECEO4, 2004 ASME International Mechanical Engineering
Congress, November 13-19, 2004 Anaheim, California USA"
(IMECE2004-60973) .

In the variant of Figure 3, such a radial "wave rotor",
35 of which the rotor 4' and the four ports of the stator
casing 6' are illustrated schematically in Figure 4, is
used as HP stage 2' instead of the HP turbocompressor

stage 2 of Figure 1.



"wave rotor" has been the subject in particular of the publication entitled
"NUMERI CAL SI MULATI ON OF UNSTEADY- FLOW PROCESSES | N WAVE ROTORS", in the
"Proceedi ngs of 30 | MECEO4, 2004 ASME I nternational Mechanical Engi neering
Congress, Novenmber 13-19, 2004 Anaheim C4‘al ifornia USA" (1 MECE2004-60973).
In the variant of Figure 3, such a radi a° "wave rotor" 35 of which the

rotor 4 and Bh%hfo%apgé£§i tpf%étg“’ng’ Cﬁ&l gg GchearEP' I trat ed

schematically in ure i'hst 8ad ©
t ur boconpr essdr, sttcargle@ vt aFitgwe e011te134dulcrt t:h@ \f@:pmntth@f OErcgartesnfs and 4,

the LP conmpregsedp %éntfPF%&QlV' gh#‘:ets%g}rerlgucHsz%érﬁ v‘?%lt lt§fe Of the

LP centrifugal conpressor Is a via the™ axia arranged
in the thernmakigli dguledti Ag' b readiadigssl ¥n3¢heov’é¢eérﬁﬁ§rl]ﬁar1tn%flatmélg

periphery of r§§€a1centnalspodyy 32 eﬁlyh%atrt&erdﬁalérye Cﬁeg%hb\f? oHd vipdi al
wal | 31, so as to communicate with the inner. radial "~ chanber 87 (see Figure

4) defined ofcbheasi 8oy ¥ waf| thes thermid gererafushipe 6nda nslidded Z, of

a thermally 811 nSM' at By 4@t @d akomRdnneateotationahley fhxed radially
i nside the a nul ar Bor 4' ., sai d chanber_87 openi g vL% a _port 8 owards
the radial %FE 4588 dg Iutw gt hedtor aheafdden Whiccalde LP

conpr essed a88 mndaregmlermbrrpmlssl ol hy rdiureidid cont act awitthe rintadd 10t , 15

d hay h I he. i i
Chanber 100 ahic Bht EH o TBiHE h AT A1 CHRTET & 60 B -t Ko r5Ear FC AT port

91 whi ch ext emgsdei rthteheapasilng 6Cotomt y4dverspat t cobnmiles o817 eropmtdjraj
periphery of O#é‘e rotQ t4I2 SH&Dawét t%ﬁeggfdagord%%%%%%l?so §hT J-eaue the

channel s 90 ero via a ered in the casing
anot her parttfoatle theat soteadidl mupheﬂyl@i the BBt epmpregsed @adn ng |nto

the annul ar @N&ér%@ éOEeE'BmﬁQ@Brs%%e%ya'chLgé&tdeé’onéé’&‘@r9§t5h%h'e“|h%tt of the
mai n conbustl on nber 25 and that the hot gases which have entered via
t he port® pressurized exhaust gases coming from the outlet of the

main combustion chamber 19 and entering the radial
channels 90 of the rotor 4' via a port 91 which extends
in the casing 6' only over part of the outer radial
periphery of the rotor 4', such that the HP compressed
20 air leaves the channels 90 of the rotor 4' via a port
92, bordered in the casing 6' to another part of the
outer radial periphery of the rotor 4' and leading into
the annular duct 26 for HP compressed air guided
towards the inlet of the main combustion chamber 19,
25 and that the hot gases which have entered via the port
91 into the channels 90 of the rotor 4' leave, expanded
and cooled, via a port 93 extending over another part
of the inner radial periphery of the rotor 4', towards
an inner radial chamber 94 on the other side of the Z-
30 shaped wall 88 of the stator casing, whence these
expanded hot gases leave via an axial outlet 38', which
extends over only part of the periphery of the central
conductive body 37, integral with the conductive radial
wall 21'e, towards the inlet of the secondary
35 combustion chamber 20, in which these gases are
reheated, as described with reference to Figure 1, so
as then to be guided towards the LP centripetal turbine
17 or power turbine, in which these gases expand before

escaping towards the surpounding atmosphere.



91 into the channels 90 of the rotor 4' |eave, expanded and cooled, via a
port 93 extending over another part of the inner radial periphery of the
rotor 4', towards an inner radial chanmber 94 on the other side of the Z 30
shaped wall 88 of the stator casing, ggﬁe t hese expanded hot gases | eave
via an axial outlet 38, which extends er only part of the periphery of
the central conductive body 37, integral with the conductive radial wall
21'e, towards the inlet of the secondary 35 conbustion chanber 20, in which
t hese gases ane Figheat etl, asn deseri bedimgt oY efodt etihe t BPFi guage 1,2'so  as

then to be guidsd.bquerd ndﬂb Lra gentLLRet gl té\rl\rg:,%f;d?%7t8r 1RQURT i bi ne,

in which these gases exp Yef OF e escapi ng 't e surrgundi ng

at nosphere. exBsnsianFi gure 3ie i rlcllhfeumﬁgrﬂgtﬁal of diheckHRost agd 2'the
accommmodat i n e vwaye-+ ohor A, &9 Jfé Lat he - exLepshan 4y the
circunfer entlgajf d| r cot%l onbof ft%% Eﬂout tc 81\3 flo ]:he HP co rtlessed air

| eavi ng the raddpdl dramels 90 &w@iopfth@h¢nﬂ@ﬂe§orP09§.f%% fAs tdenbusted

gases | eavi ngohbesrBHN g%%@ysmwlﬁ@aﬁh@r mkd n Wn@@%@ibﬂgchﬁﬁblé%d'laj
channel s 90 of the rotor 4 t he annul ar radi al ange 36', integral with

the axi al loa%‘ﬁde&ftetrﬁél%oﬁhﬁctli%’:‘llnné}ﬂa%ﬁlszfOatOﬁtsthé?ndrf)*é@lfné 't he wave

rotor 4', isthateaghallaw tﬂ‘hdi&lCﬁmgﬂgél Be', l’bldi ﬂ@l|w2ﬂheth@X(‘éﬁﬁtalat t he
| evel of the inlet n.t he .one han éﬁ? t he ot hand,

i ntegral’® wi %t RE pfﬁ%%l%??ﬂdc FadFal QY ‘"éél htSt R 15faicéxPéi of the
outlet port ©Re mak\ew seytdmo del,i niik thﬁte@xaal whntlet t36 a:rdﬂldm:ﬂﬂlﬁite 38"

openi ngs, respective the chanher_,87 .and, fromt hanb 93 d fined by
t he Z-shaped zlg(ﬁﬁae% ra |a? par’t |et>?coerr£3b%83tf g(heed }'arl\é?j(jjne ?he%er oltnor 4P the
i nsul ati ng r%ﬁ:ameﬂHeBdhel@amdmxnﬂ@wtoQOtWetmuﬁmrpbanphemmUﬂgmim

central body, §@h eXGEPt 1%51}1*&1r{cfv@acﬁfalt h@ai‘)i' a§4" nl el 35

conducti ve radlal wal | n contact with the’ conduc?lve central body
37 over 1bhe perephefy tdie t autilatt @ordxcept hikenwése, to delimit the

axial inlet 35' and outlet 38' openings, respectively
to the chamber 87 and from the chamber 93 defined by
the Z-shaped inner radial partition 88 fixed inside the
rotor 4', the insulating radial wall 34' is in contact

20 with the periphery of the central body 32 except at the
level of the axial inlet 35', and the conductive radial
wall 21'e 1is in contact with the conductive central
body 37 over the periphery of the latter except at the
level of the axial outlet 38'.

25
Of course, 1in this configuration the wave rotor 4'
integrated into the high pressure stage 2' brings the
advantages specific thereto, in particular of

structural simplicity and effectiveness.



| evel of the axial outlet 38 . 25 O course, in this configuration the wave
rotor 4 integrated into the high pressure stage 2' brings the advantages
specific thereto, in particular of structural sinplicity and effectiveness.
36 - Patent clains 1. Thermal engine comgyising: 5 - two independent rotors
(3,4,4"), preferably coaxial (XX) , each respectively nounted in one of two
casings (5, pa®cht theifdg st rotor (3) belonging to a | ow pressure stage
(1), the second rotor (4,4'") belonging to a high pressure stage (2,2'),
each stage (1,2,2') 10 provided with its rotor (3,4,4") and associ ated fi xed

fluid preparatlon menbersa(9.eHyihd i LY, 93) conbi ning gas
conpressi on neans, known as conpressors (15,16,90), and gas expansi on
means, known as expanders (17,18,90) 15 and - at |east one conbustion
chanber (519, 20)twed t iatiedendiehiti nr@t stdst@nui, al'ly cyféﬂdriabagz eyl vol une

20 defi ned its bases rotors eir__ casings
(5,6,6!), an&ﬁg% aF%% ?%fé?gplgﬁﬁga égf??spnfuﬁgg %Vlaﬁifl 19
cylindrical walb,22), itheanfiimsér mradioal ndS|tb@dongmngifUGSUamdkhvbeing

substanti al | pal ec tiall i peri cal I (23) in
an 30 inter 5§§tgélrr_ga I aﬁt oél?(o(r)lcr}% heg(sé ﬁgf |r%)|tr%r bg%wge %%aehlé)\r%@amf rst
duct (26) cohdecti hgghh@mf‘;@te oftehe ComMpllesserchlesv@yeof(lt e Ailgh

pressurqostagiowdgae WIE}Leitgf I%gdrrshcambuast' Cgé}g@ega%@ B%nd said

second wal |l (23) being substantially coaxi al mn stantially
cylindrical waRLd(24PTeRaaatient er MERBEAF podPtilnl3rRdsd HWéfliAng et ween

them a combining gas compression means, Kknown as Ccompressors
(15,16,90), and gas expansion means, known as expanders
(17,18,90)
15

and

- at least one combustion chamber (19,20) situated
within a substantially cylindrical central volume
20 defined

at its bases by the two rotors (3,4,4') and their

casings (5,6,6'), and

25 . at its 1lateral surface by a first substantially

cylindrical wall (22), in an inner radial position,

said first wall Dbeing substantially coaxial with a
second substantially cylindrical wall (23) in an
30 intermediate radial position, these defining between
them a first duct (26) connecting the outlet of the
compressor (16,90) of the high pressure stage to the

inlet of a first combustion chamber (19)

35 and said second wall (23) being substantially coaxial
with a third substantially cylindrical wall (24) in an
outer radial position, these defining between them a
second duct (25), outside the first duct (26) and

connecting the outlet of the compressor (15) of the low



second duct (25), outside the first duct (26) and connecting the outlet of
the conpressor (15) of the low 37 pressure stage (1) to the inlet of the
conpressor (16,90) of the high pressure stage (2,2'), the outlet of the
first conbustion chanber (19) 5 suppl_yiﬁg_t he expander (18,90) of the high
pressure stage (2,2') with gases produced by conbustion, guided fromthe

outlet of th er 90 f e high . press t.age ‘).t the
i nlet of thes]égégﬁggr ?](I%Qe o%l heﬁ%]owg}lb%eslsrglregés%%esc&ae?, c'goﬁgzro%sﬁo%t of
which is 10 (hoedbhunfcahkeohigint prclssung sitdweof(Za Z'EAsi ng (24, 27,31) of the
engi ne via at |east one exhaust opening (41) for the gases produced by
conbustion. 2. Thermal engine according to Caim1l, in which 15 the casing
(24-27-31) ofh¢heosfigithe, Qhi chheonphirsés IHPUH: ¥ waFhapp2y deflifi ng
][fldl a'}yﬁt ovnangs1 § heg Mél@%ﬂﬂjes@cqn@ﬁmnub@r,twt afighic Ige%@hrfeﬂr t he

ow of | ow pressur npressed gas, such as air, is  made o ermal |y
conducti ve Y%‘??al(saﬁg,) d?lé:fﬁbr%‘gFis PPN CE R etPHPERTEPRs X8 e8hd] or
spi kes (48')fotmi tthe oghieledandd r thenesxpaseer 3. (IRl ogngtie adedrding to
one of Clains_1 and 2, in \rQ%i 2h tge first, nulgr hi nner d%ct (ég for the
25 flow of HPGRSpreSsuF@dconpr ésdedydd'e FasOhi Fhei §*RaFAEd Wt ween t he
second wal | 423)rhearlrcangede asuaa sitager nEgldi at etheasiung eaf @f t heiaal liy
i nsul at illag eriC%%gunriac%&%{%r}/ t owa ds 1%ktpee Og;)tu isqedeand %epa%at ic@%.iint from

, an e wal'T™ (2 as

the second duct fIrs arrange 0 an’ inner
casing of a theraral3y) comtluctiieve anegiend alvia r adi alllegsttowands thbaiussi de and

separating it gx they fEpst cgampystion chamer (1 Domdistngl mal  engi ne
according to %ny 0 eho%) C:Fa?n% %nBSS Fogg, t]‘1i n %mbﬁ g)?hauss%ltowards t he
outside of the gases stenmng fromthe expander (17) of the | ow pressure

stage (1) ispensuredribyrdhscie@if fduch ScbAd) ngXt@ndt Ngimsubst aat iyaklky
radlaII;_/Ltowards the outside relative to _ , ,

5 the casing (24-27-31) of the engine, which comprises
the third wall (24) defining radially towards the
outside the second, annular, outer duct (25) for the
flow of low pressure compressed gas, such as air, 1is
made of thermally conductive material and, preferably,

20 1is provided with fins (48) and/or spikes (48') on its

outer and/or inner face.

3. Thermal engine according to one of Claims 1 and
2, in which the first, annular, inner duct (26) for the
25 flow of high pressure compressed gas, such as air, is
defined between the second wall (23), arranged as an
intermediate casing of a thermally insulating material,
radially towards the outside and separating it from the
second duct (25), and the first wall (22) arranged as
30 an inner casing of a thermally conductive material,
radially towards the inside and separating it from the

first combustion chamber (19).

4. Thermal engine according to any one of Claims 1

35 to 3, in which exhaust towards the outside of the gases
stemming from the expander (17) of the low pressure
stage (1) is ensured by discrete ducts (41) extending
substantially radially towards the outside relative to
the axis (XX) of the first rotor (3).



the axis (XX) of the first rotor (3). 38 5. Thernmal engi ne according to any
one of Clains 1 to 4, conprising tw conbustion chanbers (19, 20)
accomodated in the central volune between the two 5 rotors (3,4), of which
the first conbustion chanber, known as , he mai n conmbusti on chanber (19),
supplied wth high pressure conpressed é such as air, exiting fromthe
conpressor (16) of the high pressure stage (2) via the first duct (26),
converges substantially in the 10 direction of the axis (:X) of the second
rotor (4) towards tHeermbhét eofyitite anquarttiarg (UB)awy ohe hifghklapmesdure
stage (2), whgseoutlesn(,38); ) eads,bnt o.4fe s i, et Q%arrﬁsrgecqa@ gabust i on
chamber, known as’the econdary conbustion cha ., surrounded by the
15 first ann®¢%9m%@ﬁ%9§@|ohnch%h%erc%qygahnd“%hﬂﬁh kﬁﬁﬁ#ﬁﬂge§jékléwpy
towards ists patdes C(ancht ed £r aghh abh Yy thteower%ttfteon%ssﬂp@ntehtaheelrnl et of
t he expander (17) of e | ow pressure stage (1), flow of the gases in the
t wo conbustr%mo%%aﬁﬁer§ €19M26T t GRFAYS E%%&ecﬁﬁﬂg%%stﬁH%'aIﬁVp§}P§@Iy in
opposi ng di r@ﬁmomghGprEBehml cejﬁqrﬂtesﬁ.fecojacgﬁgs&@h%gl A%, e&qr&lh@at t he
two conbusti nbers 19, 20) are se gl rom one anot her ?
substanti al | %IC8@ £F5FO%s et ﬁg%fpﬁe?HEFﬁaPFﬁgéoﬁauct|ve
nmat eri al shapedthe asrso detmnazﬁns(ﬁhﬂﬁéﬁgﬂgrgm%stQHVEaQEQt1npahbs of the
two co sti rs {1 0) ne according . to Claim4, in
whi ch dd% S % Q? :éug |%nga omar %he ?érde fig" gxﬁ%) é%

st enmi ng frcﬂnwmmd@xgéwdean@EI) of ﬂﬁeslewpapmkssudé8$tagé clraaheghefrned

bet ween two tically r al , ns ti n
(39, 42), onéD 39§:ﬁ? % h sﬁ??ouﬁg&n§%28%E¥F£ 6§%% gg gg ?%e expander (17)
of the |ow plrrelsestm efstfarge @f)cqmﬂleombhetse@orrdﬁa(rmrm ¥apws radli &hey

towards the QUESi@eryt he@ARas: P Odueaibly ¢ophUSti R SLEABANG S I eRLsai d at
| east one conbustron chanber (19 20) and from t he
15 first annular combustion chamber (19) and which

converges axially towards its outlet connected radially
towards the outside to the inlet of the expander (17)
of the low pressure stage (1), flow of the gases in the
two combustion chambers (19, 20) taking place

20 substantially axially in opposing directions.

6. Thermal engine according to Claim 5, such that
the two combustion chambers (19,20) are separated from
one another by a substantially conical central
25 partition (21) of a thermally conductive material
shaped so as to define the countercurrent convergent

paths of the two combustion chambers (19,20).

7. Thermal engine according to Claim 4, in which
30 ducts (41) exhausting towards the outside the exhaust
gases stemming from the expander (17) of the 1low
pressure stage (1) are defined between two
substantially radial, thermally insulating inner walls
(39,42), one (39) of which surrounds the outlet (40) of
35 the expander (17) of the low pressure stage (1) while
the second (42) diverts radially towards the outside
the gases produced by combustion stemming from said at
least one combustion chamber (19,20) and from the

expander (18) of the high pressure stage (2).



expander (18) of the high pressure stage (2). 39 8. Thermal engine
according to any one of Clains 1 to 7, for which the ratio of the
substantially radial and axial dinensions relative to the axis (XX) of one
5 at least of the rotors (3,4) is aroundsl.. 9. Thermal engine according to
any one of Clainms 1 to 8, the |ow pressure stage (1) of which conprises the
first rotor (3), which conprises, on a face facing the 10 outside of the
engi ne, a bl aded wheel (7) of a centrifugal conpressor (15), which rotates
radially in8ide an ARREFEL GNFiseraqPrdinth B atfe¥ ARPcRLaldaifisxdd

relative to tbecasidyg whichf te Fifsd bt Ahe (SdbseBdtigniyhedanar face
of the first rgtor i§ﬁ1 15, bl aded whee ) of a centripetal turhine (17),

, , L (11
whi ch 1ot at 889 &1 v AT FeOBA éﬁ&&ftéﬁ’ecé%ﬂ r FP8t &% 15di §t5¥1 bG@EorPNe13) with
bl ades Wi chaar gefbxedrr ehat irsg ortso (3he)casi ng-du)d af. the first rotor (3) ,
the wheels (7,11) of the conpressor (15) and turbine (17) being 20
connected for rotation around their comon axis (XX), which is the axis of
the first rofor (3).Thermihermalinengidw mticay dicigathy €hai ;9 Cltheshilgh

pressure st 2) . of i ch ) architecture_sjmlar t.o th of the
| ow pressur 29§t gget?‘f) \ﬁgwt e %\Asou%get asgtea‘sgeoeﬁnb ?%v"ér 85 Fg%‘étril\?eest gcthc?ne
anot her, thefhrgh rptessur® ,stweyeclf 2fovprpeesi ngnt ke Sacondacaengr the) ,

whi ch ¢ ri : a.fracefaci - out si t gi ne, a_l aded wheel
(8) of g@gen(????hggl S%rrp?ggsore@%&tr%i%)b% vﬁ%ﬁé?op‘g}fggmr agiqgll I ?t%i n% de an
annul ar di f fe@eFrifugy3lni CAMBragaesrfi xéd) el ahiigh téoﬂ:ﬁé'eéasirﬁg%@é)wof t he

second rotorjf4ideand ,aRAulbe idinerudace (9) thyen seeaadsr ahelch4hrea bl aded
wheel (12) of a centripetal turhine (18), which rotates radially inside an

annul ar 35 ceht?F petehatdi r tBut'dre (£4°1Ri% h(Bl adds FhRed ¥eftat itPECt 0 t he
casing (6) of3fhe {secondr othe (fnethecadeelbs {(Bel?jioftt hestwcompr essor

(16) anqgthe i uping,(18) 5 nge connected Lor v qtation, apypd Lhieiy, common
rotates radially inside an annular centripetal
distributor (13) with blades which are fixed relative
to the casing (5) of the first rotor (3), the wheels
(7,11) of the compressor (15) and turbine (17) being

20 connected for rotation around their common axis (XX),

which is the axis of the first rotor (3).

10. Thermal engine according to Claim 9, the high
pressure stage (2) of which has an architecture similar
25 to that of the low pressure stage (1), the two stages
being inverted relative to one another, the high
pressure stage (2) comprising the second rotor (4),
which comprises, on a face facing the outside of the
engine, a bladed wheel (8) of a centrifugal compressor
30 (16), which rotates radially inside an annular diffuser
(10) with blades fixed relative to the casing (6) of
the second rotor (4), and, on the inner face of the
second rotor (4), a bladed wheel (12) of a centripetal
turbine (18), which rotates radially inside an annular
35 centripetal distributor (14) with blades fixed relative
to the casing (6) of the second rotor (4), the wheels
(8,12) of the compressor (16) and the turbine (18)
being connected for rotation around their common axis

(XX), which is the axis of the second rotor (4).



(XX), which is the axis of the second rotor (4). 40 11. Thernal engi ne
according to Caim9, the high pressure stage (2') of which conprises a
wave conpressor-expander, known as a "wave rotor", in which 5 a transfer of
ener gy between conpression of a gas suchg as air and expansion of conbusted
gases takes place inside a wheel (4') with channels (90) by direct contact
bet ween said gas and said conbusted gases in said channels (90) and by a
process baseg on the %0 di spl acepent of expansi on waves and cgnpression
waves in saird-channé §r@§§) %ﬁg%%?daGHSﬁﬁéPQé&”%hgéPlgﬂ'?ﬁ L85 d**fhve
rotor" conprpsesguas i deigé89)(X'or adnm s&iidh gasofmiri)sesan aut lveivd 92) for
conpressed gas air connected to a first _cqnbustion, chanber 9), an 15
adm ssi on ian?p¥§fféFGFXPﬁ8d§5ﬁbJ§F@H]g%ﬁe@ s?@ﬂﬁ?nﬁOt?Fon1ﬁﬁeg%Uf#bt of

t he firstS coabtishinefechanbesnd 19y, beandean cexipaustsionrt | ef &92psf aructai d

conmbust ed gases,_ . fowards nd copbust i (o . (20 I f ppl i cabl e,
and the expa% ef”f%?%ﬁgf ?%%gﬁganré?ggFéh&%%t§¥gg§sff%. ﬁake%héﬁﬁgeeengine
accor di ng t oimnaydeneaof wkailns (4')t owith ofhahinel st hel 90t ory ( 3id)ecr e

Thernal eng na Aes R R suil 585 AREL | 2000 (Eondrtd Ihasf® B Casi ng
(24-27-31) ofaifle @hﬁﬁlﬂ%lsde\(?% ngandadedl 13 tOvRARESS t Heawrd siate, e second

duct  (2%) iéi%&lé@éﬁénﬁaréﬁ akkyahBABNS Gk ¢dks aaRke! €5@PLYs 30oHouhlesnal | ed
(52), inperneable, closed water tank (51), intended to produce pressurized
steam and t or"i ’édicht eNeRReLAer i) eRdi nitheFRarPy liesn theebut&i'de  and
facilitate i§sidnt egiaatd onrbhod"r ecepiacl L riesi gned idihes ef 089) 35 £k

Ther el engi ng,2ccording Lo Qaim 13 oLE w0l oy, e, 51 eaRLaduEed L

(air), connected to a first combustion chamber (19), an
15 admission inlet (91) for the combusted gases stemming

from the outlet of the first combustion chamber (19),

and an exhaust outlet (92) for said combusted gases,

towards a second combustion chamber (20), if

applicable, and the expander (17) of the low pressure
20 stage (1).

12. Thermal engine according to any one of Claims 1
to 11, of which the rotors (3,4) are supported axially
and radially by gas bearings (44,45,46,47).
25
13. Thermal engine according to any one of Claims 1
to 12, in which the casing (24-27-31) of the engine
defining, radially towards the outside, the second duct
(25) 1is at least partially immersed in a preferably
30 double-walled (52), impermeable, closed water tank
| (51), 4intended to produce pressurized steam and to
insulate the thermal engine thermally from the outside
and facilitate its integration in a receptacle designed
therefor.
35
14. Thermal engine according to Claim 13, in which
the steam produced in a first chamber (56) of the tank
(51) has 1its pressure controlled by a valve (58)

communicating with a second tank chamber (54), itself



(51) has its pressure controlled by a valve (58) comunicating with a
second tank chanber (54), itself 41 in comunication with the inlet of the
expander (17) of +the |low pressure stage (1), so as to mx steamwth the
gases produced by conmbustion stemming fr said at |east one conbustion
chanber (19, 20), before passage 5 thereof into the expander (17) of the | ow

pressure stage (himuniat gﬂ‘?rtﬁ ”@itﬁ”@h@el?ﬁ%@r %'anhteO ane e O # and

14, in which the gases an eam stemm ng fromthe 10 expander (1 of the
| ow pressur e [adeW Dregeieshatsged (V) a sepasatte® dict s¥eam  Whkkefehably

ext endi ng T@la%fe%nt bablay deadi all Y comB s %Q'&Tn' nyiBEmipe) theAUIBathe awater
tank (51) before energing |nto t he surraoundin envi ronnent, so as to ensure

preheating of-S@fF¢ waber FPYSLiRR tHRORF) .{ %fezofherﬁﬁlfoéﬁgl%s%&%%rdl ng

to any ong ofth€lraiors 1ntbo 4he |dxphhadrt hel Bt r e ehegasolaipre sé@p@i Ng
from the co ressor (15) of the |l ow pressure stage (1) is 20 divided into
two flows, £ WHilch is directed towards the conpressor (16) of the high
pressure stage (2) and the other towards utilization (60), in pneumatic

form of the useful I, 25 17 Ther mal _engin accordln Cla 6, In
whi ch the fllgw of I@\%vm%r &ssure cBﬁprae%cs%nga% ec , cogrggponél gigéto t he

useful power abdarigiv tIredwlbyChhehecWe@ssmd(sﬁeamf steerlioy pressuries st age
(1), suppli e%xg%?tagr - bi n(q7( 61) éurggggenggggg(lr(e%)s,tamose ﬁl eciydc 30

generator (6 suppl |es a att onnected b at | east one
el ectrical pe%éuaumtelcﬂetw(a?eae@@rmel@laets 6Aé) el @aefiegabloorestiranrding t. 18.

Thermal engi B@b@‘é‘éﬁ%@a’lﬁyt Ocaqlaellni}ﬂ,aﬂmcﬁ‘ E’Bh%ﬁnu%ﬁgt he =8l edirdiyh the
turbogenerator (68) is erma ly i'nsulated  (67) fromthe engine casing

encl osi ng t hEat@e r‘bi”blfs (53, 4P°1e8Pd MCTEHIY S T oRBastT Wit CHH T
(19, 20) and echherduakst(2%20)s f1os sheuiéoprehebhownpr eFswie anttdv gih

15 the tank (51).

16. Thermal engine according to any one of Claims 1
to 15, in which the stream of gas (air) stemming from
the compressor (15) of the low pressure stage (1) 1is
20 divided into two flows, one of which 1s directed
towards the compressor (16) of the high pressure stage
(2) and the other towards utilization (60), in

pneumatic form, of the useful power.

25 17. Thermal engine according to Claim 16, in which
the flow of low pressure compressed gas (air),
corresponding to the useful power transmitted by the
compressor (15) of the low pressure stage (1), supplies
a turbine (61) of a turbogenerator (68), whose electric

30 generator (65-66) supplies a battery (72), connected by
at least one electrical power outlet (75) to at least

one electrical consumer unit.

18. Thermal engine according to Claim 17, in which
35 the electric turbogenerator (68) is thermally insulated
(67) from the engine casing enclosing the two rotors
(3,4), said at least one combustion chamber (19,20) and

the ducts (25,26) for the flow of low pressure and high



- 42 pressure conpressed gas (air) and | ow pressure and high pressure
gases produced by conbustion. 19. Thermal engine according to either one of
5 Cainms 17 and 18, in which the electric generator (65- 66) of the
turbogenerator (68) is of magnetic type,, conprising at |east one pernmanent
magnet (65) nounted on one face of a bléﬁed wheel (63) of the centri petal

turbi ne (61) t ggqn 0 68),..0n e i i 0.t he face
havi ng t he ngggéng Lsé{;%pn cgsr’ne[aari%ae"{ a?gufﬁfr)b?rtﬁg %é% %Qggissélt%t %Inggsk{l%}%le

per manent nRYAEBUELES )T alsEisnp rashinad el farmrwitatdéon to the centripetal
turbi ne wheel (63) of the turbogenerator (68) and revol ving opposite at

| east one flat armature 15 coil (66) of the electric generator (65-66). 20.
Thermal engi A@-accor dNRETEG arBPBHEE of ECTRFFAENT 17EP0 EILhieF wiinéh tHe

battery (572)csHppki a0 ynd heg, el actiHicroanes ak 0kc{ Boc66knelraithe (65-
t ur bogener atgr (gcgé 20 itself supplies at |east one _electrical ignition
device for PReé &S ) FRERPIRNREGLRTi n(S8] d i&t Péastedmet 1€ orfiRst i on

ghanb(er 9( 18, QGﬂlgrﬁgﬁﬁgV\/ﬁsi&hlfsuek ighd npeehedenyi anaajneh.ea%s]g)ngldmﬁjechppl y
uct (49,49 ). 25 21. Ther i ne according._to apy pne o al 17 to
20, as relat@l PHSGHITE 190 IFn WHIGRC ( HESBAt Ler)  {72] RBusited i) Ahe

el ectric genenabone( 65-639) obft hehet urthodpeematrat(168) (68 5¢el f oaupplhees at

| east o h ' esistor (77 i sposed, ip.a cC e of -t 30 wat er
t ank (5?@, t%ggéggage:%V%gsﬁgﬁz%%gsﬁggﬁ%sﬂ%gﬁ§9n3§ﬁ$hél%§%%hdé¥ ?%?fpof t he
| ow pressurecsthgépelplsdadine $6dit tdreid hatndleasiyi are wiprmelneatt i cal
starter  wiip.hegtingessi Yofnd Mhond8cg2a Thejmal  &0gENen acegr dighe o
Claim17, in ich the flow of | ow pressure conpressed gas (air) stenm ng
fromthe con%¢@§$bPeF§$) pirphee| oW grlesd@se s@égéﬁﬁi)tW§m®ﬂqH%§ﬂﬂﬂ¥
centripetal tgshigad(@bvfvidie oppbbogengratila {t6&naf tentoReHaGh A a

check valve 43, _
15 coil (66) of the electric generator (65-66).

20. Thermal engine according to any one of Claims
17 to 19, in which the battery (72) supplied by the
electric generator (65-66) of the turbogenerator (68)
20 itself supplies at least cne electrical ignition device
for the gas (air)/fuel mixture in said at least one
combustion chamber (19,20), into which fuel is injected

via at least one fuel supply duct (49,49"').

25 21. Thermal engine according to any one of Claims
17 to 20, as related to Claim 13, in which the battery
(72) supplied by the electric generator (65-66) of the
turbogenerator (68) itself supplies at least one
heating resistor (77) disposed in a chamber (56) of the
30 water tank (51), to produce pressurized steam supplying
the expander (17) of the low pressure stage (1) so as
to start the thermal engine with electrical starter

with heating resistor (77).

35 22. Thermal engine according to Claim 17, in which
the flow of low pressure compressed gas (air) stemming
from the compressor (15) of the low pressure stage (1)
supplies the centripetal turbine (e1) of the

turbogenerator (68) after opening of a check valve



(74), and preferably through an annul ar centripetal distributor (62) with
f.i xed bl ades surrounding the bladed wheel (63) of said centripetal turbine
(61) of the turbogenerator (68), or through a volute 5 surrounding said
centripetal turbine (61) of the turbagengrator (68). 23. Thermal engine
according to any one of Clainmns 1 to 22, equipped with a starter (79) using

solid 10 prqpall antnG80hrerBrabBiGh £h§o§§;ﬁrt£ﬁ (Fulsrarédangetasap gas
gener at or by |%n| tion (8 )G%referably, electrical, by nmeans of a battery

(72), of theddgitrdL U dpel t (BB fdrd ndladas T YRERY i g rom
conbustion oblthedsalhskprapsl)| st ssidi ceatedpetiaa atudbiheastcigneof nl et

(86) in a radial end face of the en casi ng, preferably around an
adm ssi on gagh(eai r } U RCSE Mg 5eiing ((Iﬁ)ﬁ'i n tHe tﬁg}]ﬁﬁfg%ngiahe, o8t o

bring about snetauindinef tdéwidotoenEd)ipetalhe dumbiptessyse) stofge {Hg . 20

24. Ther mal %Gg'bg%eaccor di ng(r6t8§ Claim23, in which the starter (79)
ecel

arranged as a gas ggr?graéctogr ives a solid propellant cartridge (80)

provi ded for each start of the thermal engine, said gas generator being 25

Connect eq togthe | nShfe Al M RAN LAl LT HRY cAROLe A 4 east
one quasi-tangential inlet (8 so as to set the rotor (é)). ct the low
pressure stagé (@ﬁ, i BEFGiEedn.with & starter (79) using solid

10 propellant (80), in which the starter (79) 1is arranged
as a gas generator by ignition (82), preferably
electrical, by means of a battery (72), of the solid
propellant (80), such that a gas flow resulting from
combustion of the solid propellant is directed, via at

15 least one inlet (86) in a radial end face of the engine
casing, preferably around an admission gas (air) inlet
opening (30) in the thermal engine, so as to bring
about rotation of the rotor (3) of the low pressure
stage (1).

20
24. Thermal engine according to Claim 23, in which
the starter (79) arranged as a gas generator receives a
solid propellant cartridge (80) provided for each start
of the thermal engine, said gas generator Dbeing

25 connected to the inside of the casing of the thermal
engine via at least one quasi-tangential inlet (86) so
as to set the rotor (3) cf the low pressure stage (1)

in rotation.





