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DEVELOPMENT OF EMISSIONS REDUCTION METHODS OF A BIPHASE CRYOGENIC PRODUCT AT
THE POWER INSTALLATION TEST

Shishkov V.A. (Togliatty, Russian Federation)

Technological processes and levels of losses of a cryogenic product in a complete cycle from the moment of his
delivery before termination test of power installation are certainly situated at its operational development. The purpose
is to decrease the cost of test realization. Tasks on minimization and use of losses of a cryogenic product are put at re-
alization of tests. Has been developed algorithms and techniques to define losses of a cryogenic product in various
technological processes which allow to optimize realization of power installation test. On the basis of the developed
techniques, the accounts are executed and the relative losses of a cryogenic product are certainly depending on used
thermal isolation of cryogenic pipelines and fixture, initial and final temperature of system of submission, pressure of a
cryogenic product during cooling, material of pipelines and kind of a cryogenic product (hydrogen, nitrogen, oxygen).
Has been offered methods and technical decisions on to decrease and use emissions of cryogenic product, depending on
their charges, in technological processes at realization of tests of power installations. Has been given the recommenda-
tions for parameters to decrease losses of a cryogenic product and conditions at realization of technological operation
of pipelines cooling, units of the stand and power installation at its test. The work is intended to the designers and tech-
nologists of test stations.

AKTYyaJIbHOCTH PadoThI ObUIM CcO3JaHbl HCIBITATEIbHBIE CTeHabl. Ho
DHEepreTUYecKnii KpU3uc, MOPOXKIAEHHBIA CTEHABl HE HMEIOT JOCTAaTOYHOW MpopabOTKH
OBICTPBIM POCTOM IMPOU3BOJICTBEHHBIX MOIIHO- BCEX cHCTEeM. [lo3TOMY BO3HHKIM OOJbINNE
CTe W CHIDKEHHEM 3amacoB MPUPOJHBIX 00-  pacxoAbl KPUOTEHHOTO MPOJYKTAa, CBSI3aHHBIE C
raTcTB OPraHMYEeCKHX COCIUHEHHH Ha OCHOBE BBIOpOcOM B atMocdepy a3oTa, reiwus, BOJIOpo-
HedTH, TpeOyeT yCKOpEHHs TeMIOB 10 pa3pa- Ja u meTaHa [2, 3].
00TKe, WUCTBITAHUSAM, JIOBOJIKE M BBOAY B JKC- [ToTepu KpHOTE€HHOTO MPOAYKTA MPH MPO-
TUTyaTallMi0 DHEPTeTUYECKUX YCTAaHOBOK, pabo- BEJCHHH HCIBITAaHUNA YHEPreTHYECKON YCTaHOB-
TAIOUIUX Ha MEPCIEKTUBHBIX TOIUMBaX. ONHU- KU MPU TPAHCIOPTUPOBKE KPHOTCHHOTO IIPO-
MU U3 MEPCHEKTUBHBIX TOIUIUB SBISIOTCS JKUI- AYKTa OT 3aBOJIa MPOU3BOIUTEINS 10 XPAHUIHUIIA
kil Bogopoa [1] ¥ CKWKEHHBIH MpUpOAHBIA  HcmbiTarenbHoro crega — 0,7...0,9%; mpu
ra3. Jiisi MCIBITAaHMI SHEPTeTUYECKUX YCTaHO- CIIMBE KPHOTCHHOTO IMPOJIYKTa W3 TPAHCIIOPT-
BOK M MX TOTUIMBO-PETYJIMPYIOIICH ammaparypbl  HbIX EMKOCTEH B EMKOCTH XpaHIJIUIIA HAa CTCH-
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ne — 1,2...2,3%; npu XpaHEHUU KUTKOTO KPHO-
TEHHOTO MPOAYKTa B EMKOCTSX Ha CTEHIE MEX-
ny ucneitanusmu —0,7...0,9%; npu tepmocra-
TUPOBAHUU EMKOCTHU 3a CUET BBIIAPUBAHUS YaC-
TH KHUJIKOH (a3bl KPHOTEHHOTO MPOIYKTa Mepen
UCHIBITAHUEM I TOJy4eHus: Ooyiee HHU3KOM
TeMIIepaTypbl Ha BXOJE SHEPreTUYEcKoil ycra-
HOBKH — 710 3,5%; Ipu 3aX0JIaXKMBAHUHM KPHO-
TeHHBIX TPYOOIPOBOJOB M apMaTyphl IIepe;] 1c-
neiTanueM — 3,4...4,3%; BBIOPOCHI TIpU TIPOBE-
JICHUU UCHBITAHUH HACOCHOTO arperata Juis
SHEPreTUYeCKOW YCTaHOBKHU 12,6...18,6%
(3axoJla)kMBaHUE arperatoB il HPOBEPKHU HUX
MPOYHOCTU B PAbOTOCIIOCOOHOCTH MPU HU3KUX
TeMIepaTypax; onpeseneHue paboynx xapakre-
PHUCTHUK; UCHBITAHUE SHEPreTUYECKOH YCTaHOB-
KH); HAJIJTyB XpaHWIHIIA KUJIKOTO KPUOTCHHOTO
npoaykra — 0,17...0,22% (BeIOpockl uepes ape-
HaX B arMocdepy); IpH OYMCTKE TPyOOIpOBO-
JI0B JI0 M TOCJE MPOBEACHUS MCIBITAaHUS — JI0
1,72%.

CyMMapHble MOTEpU KPHOT€HHOTO Ipo-
JyKTa HA UCHBITATeIbHOM CTAHLIUU COCTABIISIOT
36...45%. B xamepe cropaHus »HEpPreTHYECKOM
YCTaHOBKH cropaer 55...64%.

Bo3MoOKHBIE IMyTH HCIIOJIb30BAaHUS BBI-
OpOCOB KpHMOTEHHOTO MPOAYKTa MpHU IMpOBeJe-
HUM HWCTBITAaHWHA. YIyUYIIEHHE TEeIUIOU30JIALUH
TpyOOIPOBOJIOB, EMKOCTEH M arperaTtoB YHepre-
TUYECKON YCTaHOBKH; NMPUMEHEHHE YCTaHOBKH
JUISL OXKIDKEHUS TIPH OOJIBIINX PAacX0/ax Ha BbI-
Opoc KpUOTEHHOTO MpPOAYKTa; YCTaHOBKA JUIA
JOXKHUraHusl B Ta30BOM KOTJE Jisi BBIPAOOTKH
TEIUIOBOM SHEPruM; NPUMEHEHUE JBUTaTels
BHYTPEHHET0 CrOpaHus JUIsl MPUBOAA 3JIEKTPO-
reHepaTopa Wil Hacoca Ui MepeKauyku BOJbI B
€MKOCTh PACIHOJIOKEHHYIO BBIIIE YPOBHEM IS
MOCIIEYIOEr0 HCIOJIb30BaHUs €€ TMOTEeHLIHU-
QJIbHOW SHEPruM; YCTAaHOBKA JOMOJHUTEIbHBIX
ra3oBbIX EMKOCTE! JUId mpuéMa BEIOPOCOB C JI0-
MOJIHUTEIbHBIX Fa30BbIM KOMIIPECCOPOM; 3JIEK-
TPOXUMHUYECKOE CXKUTAaHUE TOpIOYero i Io-
Jy4eHHs OJIEKTPOdHEpruH (TOIUIMBHBIN Hlie-
MEHT); UCIIOJIb30BaHNE BBICOKOTO JaBJICHUS Ha
Ha/TyB EMKOCTEH MpH CIMBaX -3alpaBKax M Ie-
pell HayaJoM HCIHbITAHUS SHEPreTHYECKON Ma-
IIMHBI, HUCMOJb30BaHUE XJIAJ0pecypca KpHo-
T€HHOTO MPOAYKTa U XMMUYECKON SHEPTUH.

MuHMMasIbHbIE YHENbHbIE MOTEPH KpPHUO-
TeHHOHU KUAKOCTH Quun = My/M,,, T1€ My — Mac-
ca KPHMOTCHHOM XHMJKOCTH Ha 3axoJaKUBaHHE
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TCIUIONU30JIAIM U MCTAJUIa KPUOICHHOI'O TPYy-
60np0130z1a WJIK arperara Maccoi m,,.
MuHuMaabHbIC YACIBbHBIC NOTEPU KPUO-
TeHHOM XKUAKOCTH Ha 3aXOJIaKHUBAHHUE CHCTEM
nogaum CT€HIa H 3HepreTH‘leCKOI>’I YCTaHOBKHN
(y‘II/ITBIBaIOT MMOTCPU TCIJIOTBI HA UCIIAPCHHUC U
Ha OXJIaXJCHHE 3a CUET Harpesa JKUJKON U ra-

30BOii (ha3bI)
T Thac T

k "
Quu= [ (Cu+qF/m,)dTY/([ CdT+hgg+ CodT),

To Tox Thac
rae To — HavanbHas TeMIEepaTypa MeTaia, Tox
— HayaJbHas TeMIIepaTypa KPUOTECHHOMN YKHIKO-
ctd, Ty — KOHEUHas TeMIepaTypa MeTaia, T ac
— TeMIepaTypa HaCHIICHUS KPUOTEHHOTO TPo-
IyKTa, T, — TEMIepaTypa MeTaljla paBHa TEM-
neparype mapa  KPHOT€HHOTO  IPOJIYKTa,
hig=A-hggot(1-A)-hign — cKpbITast Temora ucmna-
penust kpuorenHoro npoaykra (N — oproBo-
nopon, hgg, — mapaBogopon, A — 1oist OpTOBO-
nopoma B cmecu), C, = f(T,) — remmoémkocTts
MeTalla B 3aBUCHMOCTH OT Temreparypbl, Cy =
f(Ty) — TEmIOEMKOCTH KHUIAKOIO KPHOTCHHOIO
npoxaykra jgo juHuu Haceimenus, Cp= f(T) —
TEIUIOEMKOCTh KPHOTEHHOTO MPOJYKTa B 3aBH-
cuMocTu oT temrepatypsl, = f(AT) — Temo-
BOU MOTOK Yepe3 TEIUIOU30JIsIuio, F — skBuBa-
JIEHTHAs TUIONIA/b TEILIONEPEIayH.

Ha puc. 1 mokaszaHa 3aBUCHMOCTb OTHOCH-
TEIBHBIX MOTEPh HA MCHAPEHHUE JKUIAKOTO a30Ta
[4] na 3axonakuBaHHE METAIIJIOB.
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Puc.1. Omnocumenvuvie nomepu Ha ucnapetue Huoko2o
asoma npu P=1 6ap na 3axonadxcuearue KOpPO3UOHHOU
cmanu, nepoicageroweti cmanu X18H10T u meou

[Tpu GOJIBIION CKOPOCTH TBMKCHUST KPHO-
TEHHOTO TPOJYKTa MaKCHUMAaJbHBIC YIIEIbHBIC
NOTEpPH Ha 3aXOJIAKMBAHUE MOTYT HE YYHTHI-
BaTh MOTEPHU TEIUIOTHI 32 CYET HArpeBa ra30BOM
¢ba3pbl.
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THE DEVELOPMENT OF AN ADAPTIVE FILTER FOR LOW-FREQUENCY OSCILLATIONS IN THE
POWER TURBINE SPPED LOOP OF THE GAS TURBINE ENGINE

Chicherova E.V. (Klimov JSC, St. Petersburg, Russian Federation)

In the article proposes an algorithm of adaptive filtering of the input signal for power turbine speed of the low-
frequency oscillations coming from the helicopter rotor system. Filtering is performed by an adaptive notch-filter. The
filter reduces the gain at a given oscillation frequency, without changing it for other frequencies, and adaptation algo-
rithm automatically adjusts notch-filter settings for filtering a specific oscillation frequency.

[Ipu paboTe aBuWraTens B COCTaBe CHIIO-
BOIl YCTaHOBKHM BepPTOJETa B PEXHUME MOIAEP-
JKaHUW YaCTOTHI BpAallleHUsI CHJIOBOW TYpOWHBI
BO3MOXHA HEyCTOW4MBas paboTa €ro CHCTEMBI
aBTOMAaTUYECKOTO yIpaBieHus. Kak mokazan
aHaJIM3 JAHHBIX HMCIBITAHHH OJHOTO M3 JIBUTa-
TeJIel, TPOBEAEHHBIN C MCIOJIb30BAHUEM MaTe-
MaTUYECKOM MOJENH, HUX HCTOYHMKOM MOXKET
SABIATHCA TPAHCMHUCCHS M HECyIlas CUCTeMa
BEPTOJIETA, MOCKOJIBKY CHEKTP €€ COOCTBEHHBIX
94acTOT COJICPKUT KPYTWIbHBIE KOJeOaHUS TO-
psanka 3.4 ', 4.8 'u 28.4 ',

Konebanus yacroroit 3.4 u 4.8 I', mo-
CTyHarolifue 4epe3 JaT4WK YacTOThl BpAIICHUS
CHJIOBOUM TYypOWHBI B DJIEKTPOHHBIN PErynsarop,
MOTYT MOBJHATh Ha YCTOMYMBOCTh M KaueCTBO
paboThl cCUCTEMBbI ynpaBlieHus apurateneM. Ko-
ne0anusg yactoTror 28 I'tl, OaM3KHE K MOJIOBUHE
TaKTOBOM YacCTOTHI AIEKTPOHHOTO PETYIATOpa,
MOTYT HapYIIUTh €T0 padoTy.

OmHUM H3 CIIOCOOOB IOJABIECHUS HU3KO-
YaCTOTHBIX KOJIeOaHUH sIBIsIETCS HACTpPOMKa KO-
3 UIMEHTOB YCUIICHHSI DJIIEKTPOHHOTO PEeryiisi-
TOpa KOHTYpa YIpaBJIEHHUS YaCTOTON BpallCHHUS

51

CHJIOBOIT TypOuHBI. B 3TOM citydae koneOaHus
vyactoroi 3.4 I'l mpaKTHYECKH MpPEeKpaIarTCs,
OJIHAKO Ha JAPYTHX YaCTOTaX OHU MOTYT COXpa-
HHTBCSL.

bonee s¢pdexTBHBIM criocobom obecre-
YEHHsI YCTOWYMBOTO YIPABICHUS JBHUraTeNieM B
30HE KPYTHJIBHBIX KOJCOaHUil sBIIsETCS (PUIbT-
pauusi BXOJHOTO CHTHajla 4YacTOThl BpAILCHUSI
CHIOBOI TypOuHBI. DUIbTpanusi MOXET ObITh
OCyIllecTBIIeHa ¢ moMouipio notch-dumeTpa (ot
aurit. notch filter — ¢puabTp-mpodka) — y3kormo-
JIOCHOTO  3arpaxaarouiero QGuibTpa, IMO3BO-
JISIFOIIETO YMEHBIIUTD KOA(POUIMEHT Mepenadn
BXOJTHOTO CHTHAJIa B Y3KOM JIMana3oHe BbIOpaH-
HBIX YaCTOT, MPAKTHYECKH HE U3MEHSsS ero Ha
oCTajbHBIX yacToTax [1-5].

Jnst ¢unpTpanuy curHaia B IIMPOKOM
JIMaa30He YacTOT MOXKET OBITh HCIIOJIb30BaH
aJITOPUTM aBTOMATHUYECKOH MOJICTPOMKM mapa-
METPOB (pHIBTPA MOJ| TEKYIIYI0 YacTOTy KOJIie-
OaHMil BXOJHOTO CUTHAJIA.

Pacuérpl mokasanu, 4To NMPHUMEHEHHE Ta-
KOro (UIbTpa CHUKACT aMIUTUTYIY KOJeOaHHi
CHI'HAJIa YaCTOTHI BPALICHHS CHJIOBOI TypOWHBI



