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yHuBepcuteT), Mockea, Poccusi

NCNoJib3OBAHNE MUKPOIA3OTYPBUHHbLIX YCTAHOBOK
B HASEMHOW 3HEPTETUKE

MpeanoxeHo UCNorb3oBaHWe ManopasMepHOro ra3oTypGUHHOIO ABUraTens B Ha3eMHbIX 3Hep-
reTUYeckx ycTaHoBKax GecnunoTHbIX neTaTenbHbIX annapaTtax, AO3BYKOBbIX MULLEHSX NPOTUBOBO3-
[YLUHOM 0GOPOHBI 1 Maropa3MepHbIX cpeacTBax nopaxeHus. OCHOBHOe BHUMaHWe B paboTe yaeneHo
MOGWMbHLIM 3HEPreTUYECKMM YCTAHOBKAM Ha3eMHOro NMpUMeEHeHWsl. PaccMOTpeHo HasHaveHune nofob-
HbIX YCTAHOBOK AMNs HYX[ cneumanbHbIX CryX0 1 BOEHHbIX, @ Takke KpaTko ONMCaHO Tekyllee cocTos-
HVe X NpousBoACTBa B Mupe. MprBeaeHbl NpeMMyLLECTBa Manopa3MepHbIX ABUratenei Hag peakTus-
HbIMW ABUraTENSMU TPAAULMOHHBIX PAa3MEPHOCTEN C TOYKU 3PEHUSI BO3MOXHbIX NMepCneKTUBHbLIX KOHCT-
PYKTOPCKMUX W TEXHOMOMMYECKUX PELUEHUN, TaKMX KaK WCMOSIb30BaHWE KOMMO3UTHLIX MaTepuarnos
B ropsiyen 4yacTtu gsuratens U npoctoTa BHECEHWS M3MEHEHWI B KOHCTPYKUMIO OTAEMbHbIX Y3roB
n pgetanen. MNpeanoxeHsl BapuaHTbl YNyyLeHUss HU3KUX YOENbHbIX XapakTepucTuk ManopasmepHbIX
rasoTypOuHHbIX ABUratenei, npexae Bcero, bnarofaps yBeNMUYEHUIO CTENEHW MOBLILEHNS AABMNEHUS
B KOMMpeccope M MOBbILWEHMIO TemMnepaTypbl rasa nepef TypbuHoi. Takke NpuBEAEHO CpaBHEHWE
napameTpoB: TemMnepaTypbl rasa B TennoobMeHHUKe, MOLHOCTH, yaerbHOro pacxogda tonnvea u KMa
ABuraTenen ¢ pa3nuyHbIMU TemnepaTypaMu rasa nepeg TypouHoi 1 cTeNeHsaMU NOBbILLEHUS AaBNeHNs
B KOMMPEeccope, Npu pasnuyHbIX MoaMUKaLMSX KOHCTPYKLMU W/MNn NP UCMOMb30BaHUM KOMMO3UTHBIX
maTtepuanoB B ropsiden yactu. Bbina npoBedeHa BepudMKauMs METOOMKU MPOEKTUPOBAHMS LEHTPO-
BeXxHbIX KOMMPeccopoB, koTopas no3sonuna noebicuTb KM v apyrve napameTpsbl ycTpoiicTea. Momu-
MO 3TOro NpuBefeHbl N306paXxeHUsl 1 onMcaHbl UCMONb30BaHHbIE B XoAe paboTbl CpeacTBa NpounsBoa-
cTBa: ycTaHoBKa cTtepeonutorpadum, ctaHok ¢ UMY, a Takke vucnbiTaTenbHbi cTeHd. bonblias yactb
MCXOAHbIX AaHHbIX Obina B3ATa npuy nyckax Asuratenein NpoToTUNOB Ha UCTbITaTeNbHOM CTeHAE.

KniouyeBble cnoBa: rasoTypOWHHbIN ABUraTenb, dHepreTvveckas YCTaHoBKa, LieHTPOOEXHbIN
Komnpeccop.

D.A. Borovikov, A.V. lonov, S.D. Seliverstov

Moscow Aviation Institute (National Research University), Moscow, Russian Federation

MICROTURBINE USAGE AT THE TERRESTRIAL ENERGETICS

The article suggested the use of small gas turbine engine in the ground power plants, un-
manned aircrafts, subsonic air defense targets and maneuverable small size weapons. The main regard
was given to the mobile ground power plants. We consider the appointment of such plants for special
services and military needs, and briefly described the current state of their production in the world. Also
we review the advantages of small engines on jet engines of traditional dimensions in terms of possible
advanced design and technological solutions, such as the use of composite materials in the hot part of
the engine and the ease of making changes in the design of individual components and parts. The vari-
ants of improving low specific characteristics of small gas turbine engines were offered, primarily due to
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increasing of the compressive ratio in the compressor and increasing the gas temperature in front of the
turbine. Also the following parameters were compared: temperature of the gas in a heat exchanger,
power output, specific fuel consumption and engine efficiency at different temperatures of gas in front of
the turbine and the compressive ratio of the compressor, at various design modifications and / or by
using composite materials in the hot part. Also the verification of design techniques of centrifugal com-
pressors was made, which has improved efficiency and other parameters of the device. In addition, the
images were shown and the means of production that were used during the work were described: the
stereolithography installation, CNC, as well as the test bench. Most of the raw data was taken at the
engine prototypes start-ups on a test bench.
Keywords: jet engine, power plant, centrifugal compressor.

Manopa3smepnsie ['TJ] (Muxpol T/I) noxyuaroT Bce Oosbliee mpume-
HeHue. Takue ABUTAaTEIN MOTYT MPUMEHSTHCS ISl BCEMOTOIHBIX OECIUIIOT-
HBIX JieTarenbHbIX ammapatoB (BITJIA), mo3sykoBeix muinenei [I1BO u ma-
HEBPEHHBIX MAJIOPa3MEPHBIX CPEICTB MOPAKEHUs, TAK)KE CBOE MIPUMEHEHUE
OHH HaXOJST B HA3€MHBIX T€HEPATOPHBIX YCTAHOBKAX. JHEpPreTudeckas yc-
TaHoBKa Ha 0a3e Mukpol T/l obGmamaer psaoM MpeuMyIIecTB, Kak-TO: KOM-
MaKTHOCTh, MOOMIILHOCTh U KpaifHe BBICOKAs yAeNbHAash MOIIHOCTh. Tpebo-
BaHUs, IPEIbABISIEMbIE K MOJOOHBIM YCTAHOBKAM, JOBOJHHO BBHICOKH: OHU
JIOJDKHBI  OBITh HAJIEKHBI, SKOHOMUYHBI, 00JIalaTh OOJIBIIUM PECYpPCOM,
a Takke ObITh TeXHOJOTMYHBbIMU. [IpoekTrpoBaHHe MOJOOHBIX YCTaHOBOK
HATaJIKUBAETCs HA 3HAUUTENIbHbIE TPYAHOCTH, MIPEXK]Ie BCETO Ha ATAre Mmpo-
extupoBanust MUKpol TZI. DTo cBsA3aHO B MEPBYIO Oo4yepeab ¢ MacIITaOHBIM
BBIPOXKJIEHUEM paboyero mporecca: 3a YMEHbIICHHEM Pa3MEpPHOCTH YCTa-
HOBKHU CJIEyeT HENpONOpIUOHAbHOE yMeHblIeHHe MoinHocTh. Ha da-
KYJIbTETE JIBUTATENICH JIETaTeIbHBIX anmnaparoB MOCKOBCKOTO aBUAI[MOHHO-
ro uactutyra (HUY) Bemyres paspaborku mMukpol T/ U sHepreTHuecKux
YCTaHOBOK Ha 0a3e Takux aBuraresiei [1].

HecMmoTpsi Ha BBICOKYIO MOTPEOHOCTh B HAJEKHBIX U MOOWMIBHBIX
DHEPreTHUECKUX YCTAaHOBKAX TAKOTO TUIA, B MUPE HE TaK MHOTO MPOH3BO-
nutenei momobusix ycranoBok: Elliott, Bowmen, Capstona t.1. Takwue
YCTaHOBKHM OPHEHTHUPOBAHBI B TIepBYyIO ouepenp Ha MUC, moOunbHbIe Opu-
rafibl TOXAPHBIX CIYX0, BOGHHBIX, a TAK)Ke MPEeIHA3HAUEHBI ISl paOOTHI
B ycnoBusix Kpaiinero CeBepa, ApKTUKHM U AHTapKTHKH, JUIS pPE€3EpPBHBIX
MCTOYHUKOB MUTAHHUS Ha CyAaX, BO BPEMEHHBIX IOCEJIEHUSAX, HA MAarucT-
pPaNBHBIX Ta30MpoBoOJaxX U T.1. Ha poccHiickoM phIHKE Majo MpeCTaBICHbI
01I00HBIE YCTAHOBKHU OTEYECTBEHHOTO IIPOU3BOCTBA.

OCHOBHBIMH 33/1a4aMH HAyYHOT'O KOJUIEKTHUBA SIBJISIOTCS: MOBBIIICHNE
KIII u pecypca ycranoBku. IloBeimenue KIIJI mocturaercs 3a cyer uc-
MOJIb30BaHUS HOBBIX KOMITIO3MIIMOHHBIX MAaTEPUATIOB M HOBBIX METOUK
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MPOEKTUPOBAHMSI, HATIPABIICHHBIX HAa YBEITUYCHHUE TEMIIEpaTyphl Ta3a mepen
TypOHMHO# U CTENEHU MOBBIIIEHUs JaBjeHns KoMmpeccopa [2]. HeGonbime
pasMepbl YCTAaHOBKH TIO3BOJISIFOT HCITOJB30BaTh KOMIIO3HTHBIE MaTEpHAIIBI
B TOpSIYCH YacTH JBUTATENIs: COIUIOBOM arrmapare, Typoune [3].

JlpyruM BaXHBIM TIapaMeTPOM [IBUTATENbHON YCTAaHOBKHU SIBIISIETCS
CTETICHb MOBBIIICHUS JIaBJICHHs B KoMIpeccope. Ha nmaHHBI MOMEHT 60Jib-
IIMHCTBO TIEHTPOOEKHBIX KOMIIPECCOPOB MajlOpa3MEpHBIX JBUTATENEH pa-
0OTarT B AMAITa30HE CTEIIEHU ITOBBIIIEHUS IaBJICHUS 3—8,4TO JTOCTATOYHO
naneKo ot skcTpemyma tepmoannamuueckoro KI1/ [4]. KosektuBoM ObI-
Ja TpoBeAcHAa BepuUdUKAIMS METOAUK MPOSKTHUPOBAHHS KOMIIPECCOPOB,
B pe3ysibTaTe KOTOpO# ObLIa MOydeHa METOJMKA U TPOQHIUPOBAHHUS
IIUPOKOXOPIHOTO IEHTPOOESIKHOTO KOMITpEeccopa BBICOKOH HAIOPHOCTH

(puc. 1) [5, 8].

ol 0 76,0

Puc. 1.CpaBHenue pabouux Kojec TeopeTuueckoro 1 u npororumna 2

[TomuMoO 3TOTO MpeasaraeTcs yCTaHOBUTH OCEBYIO CTYIIEHb KOMITPEC-
copa mepen MeHTPoOeKHOU CTyrneHblo0. Vcroib30BaHne THOPUIHOTO TIHPO-
KOXOP/JHOT'O KOMIIpECCOpa MO3BOJISET MOAHATh CTENIEHb MMOBBIIICHUS aBje-
Hus 10 10—14,910 COOTBETCTBYET 3KCTpeMyMy TepMmoarnHamudeckoro KIT/]
JUIST UMEIOIIUXCS JIMANa30HOB TEMIIEpaTyp HEOXJIKIAEMBIX MaTepUAIOB
TypOuHHI [6, 7].

B pabore paccmarpuBaercs ['TY, paccuntaHHas Ha pacxo] BO3ayxa
0,7 kr/c, mpyrue mapaMeTpsbl MOJYYEHbI HA UCTIBITATEIBHOM cTeH e (repBas
KoJIoHKa) (Tabsuiia). BeIcOKOHAIOPHBIN KOMITpeccop ObLIT pacCYUTaH C I0-
MOIIIBIO MPOTPAMMHOTO KOMILTeKca ANSYS.
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CpaBHeHME TEPMOTa30AMHAMHYECKUX MapamMeTpoB ['TY

C pa3/JIMYHbIMHA CTCTICHAMU MOI[I/I(bI/IKaHI/II/I

YcraHoBKa Ha
Yeranosia VYcraHoBKa Ha
Y CTAHOBKA 1 Gase 8- ) 6a3e gBHUTATEISA
Ha Oa3e jBHTA- rarens 43¢ JiBATaTe C MIMPOKOXOPA-
[lapamMeTp | 1eng 6e3 Mo- © KOMIIOSH- :BILI'\IAHFI;O;O;::S;A HBIM THOPHIHBIM
AuduKauit HOW ropsraeit KoMmpeceopom
KOMITPECCOPOM Y KOMITO3UTHOM
YaCThIO
ropsiyeit 4acTbIo
T 3,8 3.8 11 11
T,K 1050 1600 1050 1600
N, kBt 225 325 235 380
C, r/kBr 165,6 151,56 105,48 92,52
T, K 785 1200 620 935
n, % 21 25 32 40

Ipumeuanue. Hcnonvzosannvie 0003Ha4eHUs. T — CIMENEHb NOBLIUEHUS NOTHO2O0
oaenenus komnpeccopa, T — memnepamypa 2aza neped mypbunoti, N —mowrnocms, udy-
was na cenepayuio snekmposnepeuu, C —yoenvusitl pacxoo, T, — memnepamypa 2asa, no-

cmynaiouje2o 6 menioooMeHnux, | — anekmpudecxkuil KIIJJ.

OnHUM U3 IPOOJIEMHBIX Y3JI0B MOJOOHBIX YCTAaHOBOK SIBJISIOTCS MOJ-
mmnHuky. [lpennaraercs uCHoiab30BaTh OECKOHTAKTHBIE Ta30JuHAMUYeE-
CKHe€ MOAIIUITHUKY, 3TO MO3BOJISIET N30ekaTh HEOOXOAUMOCTH CMa3KH U OX-
JaXJEHUs, a TakKe M3HOCa MOAIIMITHUKOB BO BpeMsl pabOTHI JABUTATeNs,
YTO 3HAYUTENILHO YBEJIMUUBAET PeCypC.

[TapanmienbHO ¢ pacueTHBIMU U MPOEKTUPOBOYHBIMU BEAYTCS pabOThHI
1o u3rotosieHuIo aeraieid MUkpol T/l s coOCTBEHHBIX OMBITHBIX 00pa3-
IIOB HA CJEIYIOIIUX MMEIOLINXCS MPOU3BOJICTBEHHBIX MOIIHOCTSX: CTaHKU
st Mexanoobpabotku ¢ UITY, mportotunupytomas crepeonurorpapude-
CKasi MallliHa, MallllHa I BAKYYMHOTO JIUThsI B CHIIMKOHOBBIE (DOPMBI, J1a-
3epHas MPEIM3NOHHAs CBapKa, a TaKKe MOOMIIbHASI CKaHUPYIOIIasi CUCTEMa
JUI KOHTPOJISI MU3roTaBiuBaeMbix jaetaneir [9]. OTpaboTaHbl TEXHOIOTHH
U3TOTOBJICHHS paboUyuX KoJiec KOMIIpeccopa U TYpOUHBI, Baja, KaMephl Cro-
panus, Kopiyca, coma (puc. 2, 3) [10].
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Puc. 2. UsroToBneHue Kojieca KOMIpeccopa

e el

Puc. 3. Beikuraemas Mozesb Kojieca TypOuHbI

[IpopabaTpiBatoTcs KOHCTPYKTOPCKHE U TMPOrpPaMMHBIE pelIeHUs
i crenaa Mukpol T/I. beuio nmpoBeneHO HECKOIBKO MYCKOB JIBUTATENA-
MPOTOTHIA, KOTOPHIE Jalu JaHHBIC JJIs BepUPUKAIUU METOIUK MPOEK-
THPOBaHUs KoMmipeccopa u Typounsl (puc. 4, 5). [Ipu momorum mpo-
rpammuaoro komrmiekca MathCAD 6b11 mpoBeaeH TepMorasoanHaMude-
CKHMIl pacdeT mnpoToTuna. bbuta mpoBeaeHa BepudHUKANHUS METOAHKU

MPOEKTUPOBAHUS IIEHTPOOEIKHBIX KOMIIPECCOPOB, KOTOpasi MO3BOJIMIIA
noBbeicuTh KIIJI ycTpoiicTBa.
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Puc. 4. VcnpITaTeNnbHBIA CTEH

Thrust
et = Sttengne  Emergensystop engine G
e [weu q Plot0 [~/ ] s [ﬂ, ] - Plot0 [~/
o ok = y 88
993 86-
W 0K
Wsin valve 9925 Ui
¥ 0K o B2
o 992+
oK 5915 §
Fuel Pump. 78+
o oK 991 s
e 205
W s i toa
= 0 a3 " i
= - -

Pump rotation speed ]

Puc. 5. Bun nporpammsl ynpaBieHus

[lepcrieKTHBHBIM ~ HANPABICHUEM Ppa3BUTHSI yCTAHOBKH  SIBIISICTCS
nanbHelee yBenuuenue temreparypsl raza 10 1800K u crenenu moBbI-
menus napneHus a0 20, nist moseimenus KIT/T.

Hcnonp3oBaHne HOBBIX METOAMK MPOSKTUPOBAHUS M KOMITO3UTHBIX
MaTepHAJIOB B TOPSYEH YaCTH MO3BOJIUT 3HAYUTEIHHO MOBBICHTH MOIIHOCTh
YCTaHOBKH M U3MEHHUTH COOTHOIIICHUE TEIUIO3HEPTH/3IICKTPO3HEPTHSI.
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