1 A DEVICE FOR COCLI NG ELECTRI CAL EQUI PMENT I N A TURBOVACHI NE The present
invention relates to a device for 5 cooling electrical or electronic

equi pnent in a turbonmachine. A turbomachine includes a certain nunber of
pi eces of electrical or electronic equipnment, such as units for
controlling actuators of variabl e-geonetry el enents, 10 which pieces of
equi pnent generate a |large anount of heat that needs to be renoved in

order to maintain agospyabherok SSBST Ay eenteIERE ebAsLiERS! rRAYi prent and

also for certain elements of the t onac I ne situa inthe vicinity of
sai d equi pnent. 15 Known cool ing dengﬁgoﬁéﬁBFHEIy conprise neans for
circulating a cooling fluid such as oil, fuel, or air, and they are often

bul ky and conpl ex to inplenment Furt hermore, those deV|ces resent risks
of |eakage, and tha§ Sgaﬁ??g ?Eﬁﬁpﬁ?oﬁaFﬁE@ﬁﬁﬁcéooﬁe9§F98ﬁs Othi ch are 20
| engt hy ahd expehsSnyeeldcpattatubarebbjpeetnat theipmeent ianais to provide a
solution to those proble that is effective and inexpensive. For this

pur pose, the inven |on provides a device 25 for cooling electrical

equi prent in a turbohathihechihe idevidescenpeirsiang atmbeastTopeéegest ex

tube having ane dnbetrconnest edLo: PessUELAsEraht eednmeansny ead ca,col d
air outlet connected to neans cool | ng the el ectr| cal eCIUI prrent t he

devi ce being %9%&%&%%&?%eﬂcF%a¥%%% Phevadiobl BelcPUBE TV s Sl EHCRE BN

pressurized aiiioh apfech@@tof exghapgerc h@ah@gaaesgcgaegéyambﬁ@w bff adawi th

cool i ng quiﬁk tge outl of thg r coolin %an Skg%t%ggﬁg

equi pnent or B T HEFOT %? %uf?%? %Efﬂeorggfth Pﬁgg. P
temperatures for the electrical equipment and also for
certain elements cof the turbomachine situated in the
vicinity of said equipment.

15 Known cooling devices generally comprise means for
circulating a cooling fluid such as oil, fuel, or air,
and they are often bulky and complex to implement.
Furthermcre, those devices present risks of leakage, and
they require regular maintenance operations, which are

20 lengthy and expensive.

A particular object of the invention is to provide a
solution to those problems that is effective and
inexpensive,

For this purpose, the invention provides a device

25 for cocling electrical equipment in a turbomachine, the
device comprising at least one vortex tube having an
inlet connected to pressurized air feed means, and a cold
air outlet connected tc means for cooling the electrical
equipment, the device being characterized in that the

30 vortex tube is fed with pressurized air via a heat
exchanger having a secondary circuit fed with cooling
fiuid by the outlet of the means for cooling the
electrical eguipment or by the hot air ocutlet of the
vortex tube.

35 In known manner, a vortex tube, also known as a
Rangque tube, serves to uses the vortex effect to create a

flow of cold air and a flow of hot air derived from a



35 In known manner, a vortex tube, also known as a Ranque tube, serves to
uses the vortex effect to create a flow of cold air and a flow of hot air
derived froma 2 flow of conpressed air at an internedi ate tenperature.
The inlet air is injected tangentially into a chanber connected to the
tube so as to create a rapidly swirling ftowthat is directed towards one
end of the tube, which 5 end is fitted with a conical outlet valve. A

portion of t@@o@'Bf'%@%ﬁ§eE@%dtﬁ9? %Eaa%mf%€@¥ﬂéﬁléM@|§% (¥J§Hr portion
of the air is reflected on said valve and then progresses a@% e t ube
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in the opposi teediRéeti 8 wilchingGcitrrngameEndd aldsi datche | air,
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outl et fromeach vortex edto xchanger associ at ed
with the equip@dhionopfcbbki agr o6 reélacsﬁﬁt@mnﬁ@ad Njedoel agdaittheimt o t he

el ectri cal gpﬁgﬁk@gggg E@Bn@oghéngubgb&he%h%ugﬁﬁo%ﬁ%esHEE%%tH%nn%hﬁﬂﬁnd to
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(typically |yhagtinot beitdange, 25n8 baent 0ei@ibar }yiandnktheypgeneratecol d
air at a te@gr@ﬁ(%] that may be about 50C | ower than the tenperature of
the inlet air.” Fur hern%fe vortex tubes are inexpensive, reliable, and
have a lifetine thatei SOOlematﬁeeiyel ofgtiet howkentequi hirgospeciraimore

mei nt enance, ég&§é§cﬁuﬁg§ytg9tn9£ei?85u9§tﬁn¥rggghggzgar%§r taken by

suitable means from a compressor of the turbomachine orx
15 from an annular duct for passing a secondary air flow
such as the fan duct of the turbomachine. The cold air
outlet from each vortex tube is connected to a heat
exchanger associated with the equipment for cooling, or
to a system for injecting air into the electrical
20 eguipment for cooling.

Vortex tubes are simple to make and to implement and
they enable cold air to be produced with resources that
are locally available. They are fed with air at a
pressure of several bars (typically lying in the range

25 5 bar to 10 bar) and they generate cold air at a
temperature that may be about 50°C lower than the
temperature ©of the inlet air. Furthermore, vortex tubes
are inexpensive, reliable, and have a lifetime that is
relatively long without requiring special maintenance,

30 since they do not include any moving parts.

The cocling device may include a heat exchanger
having a primary circuit with an inlet connected to the
outlet of the means for taking air and an outlet
connected to the inlet of the vortex tube, and including

35 at least one secondary circuit that is fed with cooling
fluid.



The cooling device may include a heat exchanger having a primary circuit
with an inlet connected to the outlet of the neans for taking air and an
outlet connected to the inlet of the vortex tube, and including 35 at

| east one secondary circuit that is fed with cooling fluid. 3 At |east
some of the air that has been used for cooling the electrical equipnent can
be injected into a secondary circuit of the heat exchanger in order to

assist in cooling 4peygbc.takhn LEORLLNGLULRIURENLNG, B Hud arly, the air
coming fromthe hot outlet of the vortex tube can be injected into a
secondary cireaPting thhecheatrésehangediprientasensbengnrilgctesl iimgot lfe air

taken in, proybgdhfgrits;kenperatutgel fchowekchianethal afrdihe rair taken
fromthe turbomachi ne. The_ heat exchanger may 10 thus have two secondary

circuits fed 3*Th5todli NGPaiRd t8Rehy FRECBULFER FREMIURECHESHS "or

cooling the ®leclsrtal egui ppentomtihg etber thy hbe Bok ialr ogutthet from
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associated in series or 1h para eP or cooling the el ectrical or

el ectroni ¢ equtprehten Theom nvent Ferbangshprevi déseaheatbemadhinger may

charact erg zed:hs thade | twd NELHELSa A0 eheetiitgakear witheebbQning @dw, pment
cool i ng devi ce aﬁg?escrlbed abo he |nvent|§n can 3? bett er under st ood
t

e.
and other 25°7e Igéec%%ﬁ%%?efngiEg? BRANEdv8ht 5G8s16f £RE present
i nvention appelrcunicehdeagiphent pl towi oghdesoyi pheonotmade bytway of

non-limting examl,e and with reference to
The vortex tube may be of the double-circuit type,
15 in which case it includes a second inlet tube connected
to the pressurized air feed means, with this disposition
making it possible to double efficiency.

It is also possible to use a plurality of vortex

tubes associated in series or in parallel for cooling the
20 electrical or electronic eguipment.

The invention also provides a turbomachine,
characterized in that it includes an electrical or
electronic equipment cooling device as described above.

The invention can be better understood and other

25 details, characteristics, and advantages of the present
invention appear on reading the following description
made by way of non-limiting example and with reference to
the accompanying drawings, in which:

Figure 1 is a highly diagrammatic representation

30 of a device of the invention for coocling electrical
eguipment of a turbomachine;

Figure 2 is a diagrammatic axial section view of a
vortex tube of the cooling device of the invention; and
Figure 3 1is a section view on line III-III of

35 Figure 2.

Figure 1 is a highly diagrammatic representation of

the device of the invention for cooling electrical or



t he acconpanying drawings, in which: Figure 1 is a highly diagranmtic
representation 30 of a device of the invention for cooling electrical

equi pnent of a turbomachine; Figure 2 is a diagrammtic axial section view
of a vortex tube of the cooling device of the invention; and Figure 3 is
a section viewon line Ill-11l of 35 Figuwe 2. Figure 1 is a highly

di agrammatic representation of the device of the invention for cooling
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conprising a vortex tube or Ranque tube f réssurized air that
i s taken fron?%%9€¥%h%ﬁta1806Fe¥h§ub?uﬂ60ﬁﬁcﬁﬁﬁéuesél celfedemtitis being
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exanpl e shown, thenoohépooderhee {ur hher anlfne0TP1bSEHoR EAL exahanger 30
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with reference to Figures 2 and 3.

In the example shown, the cooling device further

15 comprises a heat exchanger 30 having one or more stages
comprising a primary circuit with an inlet 32 connected
to means for taking air from the element 16 of the
turbomachine, and an outlet 36 connected by a duct 38 to
the inlet 18 of the vortex tube 14.

20 The air that is taken is cooled in the heat
exchanger 30 by natural convection (and also by
radiation), and/or by heat exchange with a cooling fluid
flowing in a secondary circuit 31 of the heat exchanger
30.

25 The heat exchanger 30 may optionally include another
secondary circuit for cooling fluid, with an inlet 40
connected by a duct 42 to the outlet of a heat exchanger
50 used for cooling the electrical equipment, the air
rejected from the outlet 44 of the secondary circuit of

30 the heat exchanger 30 possibly being used for cooling
elements of the turbomachine.

Similarly, the hot air cutlet 22 from the vortex
tube 14 can be connected by a duct 46 to an inlet 34 of
another secondary cilrcuit of the heat exchanger 30.

35 The cold air outlet 24 from the vortex tube is
connected either to the heat exchanger 50 or to an air

ejector system associated with the electrical equipment



30. 25 The heat exchanger 30 may optionally include another secondary
circuit for cooling fluid, with an inlet 40 connected by a duct 42 to the
outl et of a heat exchanger 50 used for cooling the electrical equipnent,
the air rejected fromthe outlet 44 of the secondary circuit of 30 the
heat exchanger 30 possibly being used for £ooling elenents of the
turbomachine. Simlarly, the hot air outlet 22 fromthe vortex tube 14 can

be connected by, arduste#6cteian1i Bhehedd QElnaneBH%%&%%%%@da%$rC'fCU't of
t he heat exchanger 30.. 35 The_cold air outl et fromthe vortex tube is

connect ed ei t REFPLEL hRY haBt € EREhARGEF BO16r fPé §RD&TP L lePEct'6r 1$pdfem
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wear in the yoriex tube and thus increasing its hitetige. The cooling

devi ce of the iInvention operates as pressuriz air is taken from
the el ement 16 andlpacResit®rdtghcehelpEnfatpventéant oppreReshast

exchanger 10 801 56was ﬁ@e@§u§99é@daby @échﬁﬁghngrbﬁaEh@‘E@eﬁeﬁ@oh%ngndf|U|d
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t he secondar Y&7TTli X1 Ofe PhEVABAL ?EHéEg@F 56¢ Qﬁatmfﬁﬁhﬁ89€§lr
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the heat exchange C |aII Lnt e ha r. of the
tube that is S|td%tép‘Mlnéﬂggvéﬁgn%$€ggg%r¥h FP% é?daﬁﬁ EE? b%gube
(Figure 2). BWSC chiditberir 20l 9wigentnathy sgtondergatirnushapé-44 as to

cause the injipetipth@idxdiadlyve ad $Qqa5i10 GEeaLeraqbapi,d e bl Rge
outlet 22 from the vortex tube. The cooled air leaving

15 the heat exchanger 30 is injected tangentially into the
chamber 20 of the tube that is situated in the vicinity
of the first end 24 of the tube (Figure 2). This chamber
20 is generally cylindrical in shape so as to cause the
injected air to move and sc as to create a rapid swirling

20 flow 52 inside the tube, this flow going towards the
second end 22 of the tube (arrow 54). The air at the
outer periphery of the swirling flow is relatively hotter
while the air situated at the inner periphery of the
swirling flow is relatively cooler.

25 A frustoconical control valve 56 is mounted in the
second end 22 of the tube and co-operates with the inside
surface of the tube to define an annular air outlet
channel for the air situated at the outer periphery of
the swirling flow, i.e. for the hot air {(arrows 58). The

30 central portion of the swirling flow i1s reflected on the
valve 56 and forms a second swirling flow 60 that flows
in the opposite direction inside the first swirling flow
52 (arrow 62), while yielding heat thereto, until it
reaches the first end 24 of the tube {(arrow 64}.

35 The vortex tube may be of the double-circuit type in
which case it has a second air inlet at its end 22

opposite from the chamber 20 for the purpose of improving



20 flow 52 inside the tube, this flow going towards the second end 22 of
the tube (arrow 54). The air at the outer periphery of the swirling flow
is relatively hotter while the air situated at the inner periphery of the
swirling flowis relatively cooler. 25 A frustoconical control valve 56 is
nmounted in the second end 22 of the tube @and co-operates wth the inside
surface of the tube to define an annular air outlet channel for the air

situated at thg ouker peLlphgry swi.r .i.ng .f o i .e.. faqr t hot air
(arrows 58). Tﬁ% %% c%n?rg? ggrgﬁ%ntgpgfhégsﬁkrﬁf%é ?Pgwpiénrgpﬁe%?gd on
the valve 56landl¢orrenalgesbadnswenl PAgfErewo60onhahef beis oifn tike

opposite direggboniknsbagebihentbnish swer bbRE-bhowa192 Gar Lew 625 pehile

yi el ding heat thereto, until |% reaches the first end 24 of the tube
(arrow 64). 3%°HRECVOrtER tubelRBY BE2BF {RET@HUBPe- citRedi €ittypd Fn  which
case it has aessoohd, ahavinyethat skhe enflp22atqppoanteaf nemetrthe rekaner 20

for the purpo f i ovi ng. e.efficiency _of the.tube, as is well
known in the gﬁ%g t*%p%h% gg%%%F%Qs 3&%,%gﬁ 8%??&85 gg'on the axis of the
tube is fornmed thrbugh phettonteapl emabdems6tand thm beveosnnect &deto air

feed means (ar1ow 68)e LA iR £axbRT cP-RXRAR! 81 hBYENG ot DR SRR L ggperature
and a lower pressure than the alir injected into the chanber 20. In a
particul ar enbod?yEhttiot Redtiayehtnenr RelsfP8WSratécsr BErX PARERStrom

t he e!ennmtléﬁaﬁ?ﬂ?paS§mﬂg athredghgt he Qegkegégbang@;62@35%r2&aadb&tars
per m nute mn), thi .heing at a pressure, : ar and at a
tenperature(ﬁé%ﬁﬁﬁfQ%ﬂ% %€o$¢éggflU?HefgacﬁbnghgiuégCSHGaF? cPfcuit 31 of
t he heat exchesgerd®80y isiatwiat3a of enperhtat ecath80€eandli tisenabl es the

tenperature SUE i ir . f % e o _he duced
15 to 100C. %ﬁéﬁ%ﬁ%ﬁéﬁﬁ%ﬁg%@ géég ?gdégf%gggoﬁhéa??ﬁg?%a%ﬂr% oR®che
pressurized alr fed to the vortex tube 14 to be reduced

15 to 100°C. The heat exchanger 50 is fed with cold air at
a flow rate of 1840 L/min, this air having a temperature
of 57°C at the inlet to the heat exchanger 50 and a
temperature of about 80°C-90°C at the cutlet from the
heat exchanger, which air can subsequently be injected

20 into a secondary circuit of the heat exchanger via the
duct 42.

A plurality of vortex tubes 14 may be connected in
series or in parallel for the purpose of cooling one or
more pleces of electrical or electronic equipment. The

25 dimensioning ¢of the or each vortex tube depends on the
flow rate and the temperature of the cecld air at the
outlet from the tube, which flow rate and temperature are
determined as a function of the type of equipment to be

cooled,



a flowrate of 1840 L/mn, this air having a tenperature of 57C at the
inlet to the heat exchanger 50 and a tenperature of about 80C-90C at the
outlet fromthe heat exchanger, which air can subsequently be injected 20
into a secondary circuit of the heat exchanger via the duct 42. A
plurality of vortex tubes 14 may be connected in series or in parallel for
t he purpose of cooling one or nore pieces of electrical or electronic

equi pnent . ?lnen3|on|ng of the or each vortex tube depends on the
flow rate and %he erature of the cold air at the outlet fromthe tube,
which flow rate Andeveapefatrucecaiay deecetrmined asuarhenctiiéd)ofint e type

of equi pment E@rl@@ma@ﬁ?h@d 1@?] %A&N@e%lcé @%}ﬁb%sﬁr &@ohieng celget ri cal
equi pnent (12) in a  turbomachin device conprising at |east one

vortex tube (125t®Aavingca ﬁlﬁhlEﬁvéﬂg)aeohﬁééFedlﬁo S5OpresSGH 28d air feed

means (16}, anteascpldeai aioutketl mé24) cosnected b0co&an&1¢5@htﬁ@m cool i ng
the electrica e devi ce that t

har acteri zed
vor tex tube (14) TAOFBRCUPEh Br BESOFI 460 aFPEyrR L ‘RatT oS URANGAF 2(30)
havi ng a secomglargnent cuihef ddvicehbédngoohangcteuideby inhéhedt ltée of the

means Tor coolingeknenel ogh i1 cal ceqULBERNL SLobY (b8 BOL gt Qubket of the

vortex tube i devi ce accor in that
t he pressurlz%%c%@¢g¢%eﬁ3%tahévéﬁﬁ)acéﬁﬁ@ﬂ@érﬁe§h§cﬂéﬁ feakivaghai r fron1an

annul ar duct é@ﬁlﬁ@@sfﬁﬁlé %boﬂh@fou€9@t akr +pk ﬁe&%@0@@§onBhQWg0Eh%he
t ur bomachi ne ( vice according to claim1, characterhzed in that

20 the preSSLﬁ%%%ﬁF%ﬁ?lf%%ﬂlH%%BE ?i6yY chbitpr ee ﬁéén?uFoPt PakitR§ air from
a conpressor wirtdre twuksdonachi ne.

2. A device according to claim 1, characterized in that
15 the pressurized ailr feed means (16) comprise means for
taking air from an annular duct for passing a flow of

cool air or a secondary flow of the turbomachine (10).

3. A device according to claim 1, characterized in that
20 the pressurized air feed means (16) comprise means for

taking air from a compressor of the turbomachine.

4. A device according to claim 1, characterized in that
the pressurized air feed means (16) comprise an auxiliary
25 compressor driven by an accessory gearbox of the

turbomachine.

5. A device according to claim 1, characterized in that
the heat exchanger (14) includes two secondary circuits

30 (40, 44) fed with cooling air, one by the outlet from the
means {50} for cooling the electrical equipment, and the
other by the hot air outlet from the vortex tube.

6. A device according to claim 1, characterized in that
35 the vortex tube (14) is fed with air at a pressure of a

few bars.



4. A device according to claim1l1, characterized in that the pressurized
air feed neans (16) conprise an auxiliary 25 conpressor driven by an
accessory gearbox of the turbomachine. 5. A device according to claiml,
characterized in that the heat exchanger (14) includes two secondary
circuits 30 (40, 44) fed wth cooling airg one by the outlet fromthe
means (50) for cooling the electrical equipnent, and the other by the hot
air outlet from#gh e A L ge-aceQr | ai ;
characterlzed@lngtﬁgWE Sécgg?géP < ggg ?1& %% ?‘gﬁe&?ﬁ%galm %hat
pressure of ath?eﬁﬁ%ﬁ?§at8re7OfAtﬁévp@édaééérdﬁﬁglm@ Eha; morte@héﬁé@terlzed
in that the tenpeiatypeuef shhe celidrakhaheanienghpe ALertex. otfut%.@ae (14) i's
about 500C | ower than the tenperature of the pressurized air.

devi ce accor dPhgStB EF&Fnf4Z characterized in that the vortex tube (14) is
of the dobible-circuit type and includes a second inlet (66) connected to
the pressuri zgd d 0 devi.ce accaording.ta clai
characterlzedgln t% Yigg a?ﬁ%?%%gé é?é i y a&&F&&f @&%es agggilated
in series orthe parbeketubds5(10) ﬁ@tgfbbhacupné;echama@ﬁ@rty@@ iemdt hat it

includes a dgyireadecor dbigntio;: fhat M def OkoRAGLERG @LEGHE! BBl sBGYIRIENT .

air feed means.

10
9. A device accerding to claim 1, characterized in that
it includes a plurality of vortex tubes associated in
series or in parallel.

i5 10. A turbomachine, characterized in that it includes a

device according to claim 1 for cooling electrical

equipment.



