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I. A. BOH/JAPEHKO

YIOPYTOTAJIPOJJMHAMMYECKHAN AHAJIN3 BRICOKOHATPYKEHHBIX
KOHCTPYKIM HNEHTPOBEXXHBIX KOMIIPECCOPOB

AHHOTAITHA Paccmampusaemcs yeHmpoOedicHblll KOMAPECcop 8bICOKO20 0asneHus Kak deghopmupyemas suopomexanu-
ueckas cucmema. Ilpusedenvt 0bocnosanue u NOCMAHOBKA 3a0a4U KOMNIEKCHO20 ynpy2ocudpoounamuyeckoeo (VIJ) ana-
JU3A KOHCMPYKYUU KOMNPeccopa nymém coOeMecmHo20 peuterus ypasuenuti 2uopoounamuku ynpyeocmu. C ucnonv3osanuem
annapama memooos noooouUs U pasmMepHOCHU Onpedenenbl OCHOGHble napamempul u Kpumepuu ananusa. I[Ipusedenst pe-
synomamol Y1 /{-ananusa koncmpykyuu komnpeccopa Ha oasnenue 80 Mlla.

Kniouesvle cnosa: yenmpobesichulii KOMApeccop, SUOPOMEXAHUYecKas cucmema, ynpyaue oepopmayuu u suOpoOUHamuKa
meuenus, Y1 /[-ananus, kpumepuu.

H. A. BONDARENKO

ELASTIC HYDRODYNAMIC ANALYSIS OF HEAVY DUTY CENTRIFUGAL
COMPRESSORS DESIGNS

ABSTRACT We consider the high centrifugal compressor as the deformable hydro system. The main problem in creating
such compressors is very high static and dynamic loads on the structural elements. The cause of stress are: high density of
the gas, the small size of the flow channels, high-speed rotary, flexible shafi, the deformation caused by the load causes the
Rotary movement relative to the stator elements. This leads to a significant deviation of the actual dimensions from rated.. At
the design stage of the compressor it is necessary to consider these factors. The substantiation and the formulation of the
problem of complex elastohydrodynamic (EHD) analysis compressor designs by joint decision of the elasticity equations of
hydrodynamics. Using the methods of the similarity dimension of the main parameters and criteria for the review. Design
nodes, which are subjects to elastic deformations are interrelated elements of the common system. Task UGD — analysis of
each node is solved by iterative methods. Using previously obtained solutions for the basic elements received the results of
the EHD analysis of compressor design pressure of 80 MPa.

Key words: centrifugal compressor, hydromehanical-system, elastic deformation and hydrodynamic flow, EHD analysis, and

evaluation criteria.
BBenenne

[Tpu pa3paboTKe CIOXKHBIX DHEPreTUUECKHX
MAIIlMH MPUXOIUTCS HEM30CKHO CTAIKUBATHCS C MPO-
SIBIICHUEM BJIMSHUS YIPYTHX AehopMaruii 3JIeMEHTOB
KOHCTPYKIIMK Ha THUIPO- W Ta30JMHAMUKY TMOTOKAa B
pabounx moyiocTsx ManvH. Kiraccudeckum mpumepom
SIBIISICTCS TIpoOJeMa co3laHus PabOUYMX JIOMATOK IT0-
CIICTHUX CTYIIEHEW MOIIHBIX KOHACHCAIIMOHHBIX ITa-
POBBIX TypOWH.

LeHnTpoOC)KHBIE ~ KOMIIPECCOPHBIE  MAIIUHBI
UMEIOT CBOIO CIIEIU(HKY: CYIIECTBEHHO Majlble paz-
MepbI IPOTOYHBIX KaHAJIOB M BCTIOMOTATENBHBIX TPaK-
TOB, BBICOKHE Ta30JMHAMHYCCKUE HATPY3KH Ha 3Je-
MEHTBI KOHCTPYKIIMH B COYCTAHWH C BBICOKMMH 4a-
CTOTaMH BpalleHHs poTopa.

TpaguuroHHOE,  IIUPOKOHUCHOIB3yeMOE B
MPAKTUKE MPOCKTHPOBAHUS Pa3JeIbHOC BBHIIOJHCHUE
ra30JMHAMUYCCKUX U MPOYHOCTHBIX PACUCTOB MPH-
MEHHUTEIBHO K Y3JIaM IEHTPOOCKHBIX KOMIIPECCOP-
HBIX MammH Bbicokoro aaenenus (LIKM BJI) mo3Bo-
JSET TMOJYYUTh HapaMeTphl JIHIIh B MEPBOM HPUOITH-
JKCHHWH, TaK KaK B IIEPBOM pacueTe HE YUHTHIBAIOTCS
JnedopManry TPaHUIl TPOTOYHBIX KAHAIOB, & BO BTO-
POM — CHJIOBAasI peakIus IMOTOKA IPU M3MEHEHHUH Tpa-
Hull. B psane cioydyaeB Takoil mOIX0J MOXKET IOBJIEYD
3a co00il CyImecTBeHHbIE HETOYHOCTH IIPH OMperesie-
HUM KOHCTPYKIIMOHHOM INPOYHOCTH, 3aTpaT MOIIHO-

CTH, pacxoJoB paboumX >XUIKOCTEU, YACTOTHI 00Opa-
OOTKH, OIyCKOB Ha W3TOTOBJICHHUE, MATEPHAIOB, ME-
TOJAOB HWCIIBITAHUM W T. II. HakoHeEI, TakoW mIOIXO0.
CBSI3aH CO 3HAYUTEIHHBIMH 3aTpaTaMH Ha ITOWCK OII-
TUMAJIBHBIX pEIIeHNH Ha CTaJWd TPOEKTHPOBAHUS,
HpOBe)]eHI/ISI HUCIIBITAHUEC U JOBOJOYHBIX pa60T.

CoBpeMeHHBIH YpOBEHb Pa3BUTHS MEXaHUKU
CIUIONTHBIX Cpe, TEOPUH YIPYTOCTH, TEOPUHU KoJieha-
HUH, MOJIEKYJISIPHO-KUHETUYECKOI TEOPHUH KUIKOCTEH
Y ra3oB, a TAaKXKE MOIIHBIE CPEJICTBA BBHIUMCIUTEIHHON
TEXHUKU TO3BOJIAIOT OCYIIECTBISITh Ta3oqMHaMHUYe-
CKHMI ¥ POYHOCTHOM aHaM3bl HE IMOCIIENOBATEIBHO,
a mapajuiesIbHO, B TECHOM B3aUMOCBSI3U APYT C ApY-
TOM, 94TO 00ECIIeYHBAET MPUHATHE ONTUMAIBLHOTO Pe-
IICHUS Ha CTaUH MPOECKTUPOBAHHUS.

Heab padoTsbl

[ToCKOIBKY TEPMHUH <CKHUAKOCTH» B TEOpETHYE-
CKOIl MeXaHWKE OXBATHIBACT JIIOOBIC CIUIOLIHBIE Cpe-
JIbI, B TOM YHUCII€ U Ta3bl, YCIOBUMCS IJISI KPATKOCTH
BMECTO TEPMHHOB «THUAPOAIPOYIIPYTHI», «THAPO-
a9POMEXaHUYECKUW» U T. 1. MPUMEHEHBl TEPMUHBI
«TUAPOYIPYTUNY, «TUIPOMEXAHUUECKUN.

B uzBectHom cmbiciie [IKM BJI moxHO pac-
CMaTpHUBaTh KaK THAPOMEXAHUYECKYIO0 CUCTEMY — CO-
BOKYITHOCTh TBEPJBIX YIIPYTHX JIEMEHTOB, 00pa3yro-
IUX MPOTOYHBIE KAHAJbI, B KOTOPBIX ABMXKYTCS pe-
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aJIbHBIE XHUIKOCTH M ra3bl. IIpu sToM momaraercs cy-
IIECTBEHHOE CHMJIOBOE B3aHMMOJCHCTBHE MEXIY >KUA-
KOCTBIO U yNPYTMMHU TBEpABIMH TejlaMu. Bzaumoneii-
CTBYIOIIUE TeJla CUCTEMbI MMEIOT 3aJlaHHble (u3nye-
CKHe CBOICTBa (IIOTHOCTH, BS3KOCTb, C)KUMAeMOCTh,
ynpyrocts). CucremMa 3aMKHYTa M KOHCEPBAaTHUBHA, T.
€. BHEUIHWE N0 OTHOLICHHUIO K HEH CHJIBI OTCYTCTBY-
10T, TIOBEJEHHE CUCTEMBI IIOJHOCTBIO OHpeJessercs
BHyTpeHHUMH cuiaMu. COCTOSIHME THIpOMeXaHWde-
CKOW CHCTEMBI XapaKTepu3yeTcsl MapaMeTpaMH COCTO-
SIHUS: TEPMOAWHAMUYECKUMH (JaBJIeHUE, TUIOTHOCTb,
TEeMIlepaTypa), THIPOJMHAMHYECKAMH  (CKOPOCTb,
CHWIIOBBIE (DAaKTOPBI), MEXaHHYCCKUMH (HATPSIKCHUS
Jedopmanum) H(xl, oo xn)z 0. ITapameTpsl cocTos-

HHUS CHCTEMBI X; ()OPMHUPYIOTCS COTJIACHO 3aKOHaM

MEXaHUKH, KOTOPbIE CUUTAIOTCS MU3BECTHBIMH M OIIH-
CBIBAIOTCSl CHCTEMOM ypaBHEHUH MpU 3aJaHHBIX Orpa-
HUYEHMSIX, HAYalIbHbIX M TPAaHUYHBIX YCJIOBHSX (CO-
crostHusix). [loJ HayaNbHBIM YCJIOBHEM MOHHMAETCS
COCTOSIHUE CHCTEMbI B 3aJIaHHBIi MOMEHT BPEMEHH,
MO/ TPaHUYHBIMU YCIOBUSIMHU — YCIIOBUSI HEMPOHHIIA-
E€MOCTH TBEPMBIX T'PAHMUII [TOTOKA, IPYITHIIAHKS TO-
TOKa K IpaHulaM U T.IL.

Ha ocHOBe HM3TOXXEHHOTO BHIIIE 33aada yIpy-
rorunpoguHamuueckoro (YI'[) amanm3a B oOmem
BUIEC MOXET OBITh COOPMYNIHPOBaHA CIEAYIOMINM
0o0pa3oM: OmpeneNuTh mapaMeTpsl paBHOBECHOTO CO-
CTOSIHUSI TUAPOIMHAMUYECKON CHUCTEMBI C M3BECTHBI-
MU (U3NICCKUMH CBOWCTBAMH JKHUIKUX WM TBEPIBIX
TeJ MPH 33/IaHHBIX HAYaJbHBIX U TPAHUYHBIX yCIOBU-
sax. YI'[l-aHanu3 siBJI€HUN B TMAPOMEXaHUYECKON CH-
cTeMe MpPEeJoJiaraeT UCIOJIb30BaHUE AaHATTUTUUECKOTO
ammapara JJisl OIMHCAaHUs CBOMCTB pabOYMX Cpej, Te-
YeHHUs pabouuX cpei, ynpyrux aehopMmaruidi TBepabIxX
TeJ, T.€. MPUBJICUEHHUE aMMapaTOB TEOPUA MEXAHUKH
SKUJKOCTH U YIIPYTOCTU TBEPIABIX TEI.

H310keHne 0CHOBHOIO MartrepuaJja

Oo6mme ypaBaenus YI'/I-anamu3a MoryT OBITH
CTPYNINUPOBAHBI B €AWHYIO CHUCTEMY (IJIs1 KPaTKOCTH
3alMCH KOHKPETHBIN aHAIUTUYECKUN BUJI YPaBHEHUI
HE TPUBOIHTCS):

YpagHeHue 08UNCEHUsL 8A3KOU ICUOKOCTIL,
ypagHenue HepazpulGHOCIU,
YpagHeHue CoCMOSHUS ICUOKOCHU,
0000UeHHbII 3aKOH 6A3KOCIU HCUOKOCTIUL,

YpaeHeHue dHepeulU;

ypasHeHue 08UNCEHUs 8 NepeMeleHUsAX;
ypagnenue 0b6odowennozo 3axona I'yka.

JTa cucTeMa SKBHBAJICHTHA CHUCTEME U3 IIECT-
HaJlaTH YpaBHEHUI B NPOEKUUU HA KOOPAHUHATHBIC
ocu. Takum oOpazom, 3amaya YI'Jl-aHamm3a cBOOHUTCS
K MaTeMaTHYeCKOH 3a/ade MOJIYYCHHUS DPEIIeHUH CH-
CTeMBI HENMHEWHBIX AudQepeHInaNIbHBIX ypaBHCHAN
B YAaCTHBIX IPOW3BOAHBIX BTOPOTO HOPSAKA OTHOCH-

TEJIFHO HEU3BECTHBIX: JABJICHHSA, IJIOTHOCTH, TEMIIE-
paTypsl, BS3KOCTH, COCTaBJIAIOLIMX CKOPOCTH, Mepe-
MELIEHUH U HaPsLKEHUH.

MartemaTnueckasi TEOpHs TaKHUX CHCTEM paspa-
0oTaHa HEAOCTATOYHO W JIsl HUX He c(hOopMyJIMpoBa-
HBI ¥ HE JTOKa3aHbl TEOPEMBbI CYIIECTBOBAHUS U €IUH-
cTBeHHOCTH pemieHus [1]. OCHOBBIBasch Ha JOKa3a-
TENbCTBAX TEOPEM AJIS pAJa YacTHBIX 3a]ad, B Mpak-
TUKE alpUOPH PACIPOCTPAHSIOT 3TO YTBEPXKICHUE U
Ha Jpyrue 3aJadd, 4eM BOCHOIb3YEeMCS M B JaHHOM
clydae.

Pemenne Takoi cucreMsl gaxke ¢ NPUMEHEHH-
eM coBpeMeHHBIX DBM mpejcTaBiseT 3HAUNTENHHBIC
TpygHocTH. OIHAKO B 3TOM HET HEOOXOIUMOCTH.
[Tonp3ysich CBOWCTBOM aAJUTUBHOCTH, THIPOMEXaHH-
YECKYI0 CHCTEMY LEHTPOOEKHOTO KOMIIPECCOPa BBI-
cokoro maenerns (LIKM BJI) moka3annoro Ha puc. 1
MOXHO TIPEJICTaBUTh COCTOsAIIEH u3 Oojiee MPOCTHIX
3JIEMEHTOB (IIOJICHCTEM), B3aMMOJACHCTBYIOIINX MEX-
Ity co0oi1 Tak, 4YTO BBIXOJHBIC MMapaMeTPhl OJTHOM MO/I-
CHUCTEMBl SBJIAIOTCS BXOIHBIMM IapaMeTpaMu IJis
npyroii (puc.2).

Paccmotpum npumep. Ilycts nporounast yacts
U YHNOPHBIM MOJMIMITHUK — HOJICUCTEMBL. BBIXOJHOM
napaMeTp MOACHUCTEMBI «IIPOTOYHAS YaCTh» — OCEBas
CHJIa — SIBJISIETCS] BXOJHBIM ITapaMeTPOM IOACHUCTEMBI
«YTIOPHBIN MOAMIMITHUK». TaKuX MOICHUCTEM, K KOTO-
PBIM MOXeET OBITh NPUMEHEH NPUBEASHHBINA BBIIIC
AQHAJUTUYCCKUN anmapar, MOXKeT OBITh BBIICICHO JI0-
cratrouHo MHoro. [Ipm OGmmxaiieM paccMOTpPEeHHUH
OKa3bIBAETCSI, YTO HE JUI KaXKIOH U3 3THX HOACUCTEM
cileflyeT NMPUMEHATh aHAJIUTUYECKUH ammapar B MON-
HOM 00BEMeE, TaK Kak MPEeBATUPYIOLUIMMH MOTYT OKa-
3aTbCsl OTIHENBHBIC SIBICHHS, a HE UX COBOKYIHOCTD.
Hanpumep, ans aHamu3a 3JIEMEHTOB C HCTEYEHHEM
Macel WX TUIOTHOCTh MOXET OBITh NPHHATA MOCTOSH-
HOW; MpH UCCIEeIOBAHUU IPOTOYHOMN YaCTH Ta3 MOXKET
CUNTATHCS U/ICANIbHBIM, a TPaHUIIbI KaHaJIOB ciaboje-
(opMHpyEeMBIMH, TPH ONPENCICHUN CTaTHYECKUX
Harpy3ok u aedopMaiuii mporecchl MOTYT paccMat-
pHUBaThCS KaK KBa3WyCTAHOBUBIIMECS W T. M. Takas
MIOCTAaHOBKA BOMpPOCa TNPHBOAUT K PACCMOTPEHHUIO
YaCTHBIX 3371a4, a NCXOHAs CUCTEMa YPaBHEHUH mpe-
obpazyeTcs K CyIecTBEHHO 60s1ee MPOCTHIM YaCTHBIM
BHJIAM, OITMCBHIBAIOIINM OMNpEACTIEHHbBIE THIIBI YIIPYTO-
THIPOAMHAMHYECKUX IPOLECCOB (COCTOSHHUIA).

YMecTHO mocTaBuUTh Bompockl. Ecinu ananusy
MOJIBEPraeTcss HEKOTOPOE YHUCIO TMIPOMEXaHUYECKUX
CHCTEM, TO JUIA KaKMX W3 HUX LIeJIeCO00pa3Ho mpume-
Henue YI'-ananu3za? Kakue LIKM u3 tunopasmepHo-
ro psiia W Kakue y3iel ciaexyerT noaseprate YII-
anamm3y? Knaccudukannonnsie npusHaku [IKM B/l
3/1eChb HE MOTYT OBITh ONPEACNSIOMNMH B CHITY XOTS
OBl MX HEYETKOCTH, HEKOHKpeTHOCTH. K Tomy ke ma-
ske JKM HU3KOro 1aBieHusl MOTYT UMETb Y3JIbI C BbI-
COKHM HamnpspKEHHO-1e(hOPMUPOBAHHBIM COCTOSIHUEM,
T. €. JUISl HUX TaKXe CYIIECTBEHHbI YNPYTOTHIPOIH-
HaMU4ECKHUE MPOLIECCHI.
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Puc. 1 — Koncmpyxyusa skcnepumeHmansHo2o yuiunopa komnpeccopa na 80 Mlla:
1 — kopnyc; 2 — y3en onopHo-ynoprHozo nodwunuuka, 3 — mopyesuvle KpblKu, 4 — 6HympenHutl Kopnyc (cma-
mop); 5 — pabouee koneco,; 6 — Y316l KOHYEGbIX YIAOMHEHULL, 7 — y3eil ONOPHO20 NOOWUNHUKA.

Mpormoy-

lraszoboe
yn.a0m -
HEHUE

/ s
¢ Onoprsid
K. noduwun-

MUK

1 Ynopubrd
nogusu -
HUK

Puc. 2 — I'pag s3aumodeiicmeus s1emenmos 2uopo-
Mmexanuueckoti cucmemst — L{KM BJ]

ITo oTHOWEHHIO K 3THM MpoLEccaM MOCTYJIH-
pyeM cieayrolee MoJoKeHUe: MPOIEecChl B THIpoMe-
XaHUYECKOH CHCTEME SBISAIOTCS YNPYrOrHIpoIuHa-
MHUYECKHMH, €CIH MHapaMeTphl COCTOSHUS CHCTEMBI
IpU a0COJIIOTHO KECTKUX M TIPH YINPYTUX XapaKTepH-
CTHKaX TBEPJBIX T€J OTINYAIOTCSA HA KOHEUHYIO BENIH-
YUHY WU B aHAIUTHYECKOM BUE

H(xl, s xn)—l_['(xl, s xi)z E_,H(xl, s xn); E=a,
rme I1 u II' — BeKTOpBI MapaMeTPOB COCTOSIHUS
wECTKOU U 1ePOPMHUPOBAHHON CHCTEMBI; & — Hanepén
3a/laHHas CKaJIApHas BEJIWYMHA, MUHHUMAJIbHOE 3Haye-
HHE KOTOPOHl & = a COOTBETCTBYET HI)KHEMY IPEACITY
CYIIIECTBEHHOI'O ISl IOBEJICHNS CUCTEMBI OTKJIOHEHUS
rnapaMeTpoB cOCTOSIHUSA. J1Jist BCell COBOKYITHOCTH Ta-
paMeTpoB COCTOSIHHSI CHUCTEMBI (pacxojl, yJUITMHEHHE
KOpIyca, aMIUINTy1a KojeOaHuil Baja M T.I.) HEBO3-
MOJKHO OJJHO3HAUHO 33/1aTh IOPOTOBOE 3HaueHue a. B
KaXI0M KOHKPETHOM ClIydae 3aJaHHOE 3HAUCHUE a
JIOJKHO OBITH CON3MEPUMO C TTOCIIEICTBUSMH.

Kpurepun ananmsa. M3 Bcero cka3aHHOTO
BBITCKAET HEOOXOMMOCTh ITONCKA KPUTEPUEB, XapaK-
Tepusyromux cocrosinue YI'/l-cucremsl. Ilpumenu-
tenpHO K [IKM B/ Takoit moaxon npeanioxex B pabdo-

Te [2]. 3a meneByr0 (QYHKIUIO NPUHSATA HEKOTOPAs
(yHKIMS KayecTBa CHCTEMBI (B IMIMPOKOM OHUMaHUH
— OKOHOMHYHOCTb, HAJEKHOCTb), CBS3BIBAIOIIAS
OIIpe/IeIIAIONINE NTapaMeTPhl, BHITEKAIOLINE U3 aHAIHN3a
obrmeit cuctemsr ypasrennit: O(x;, ..., x,)=0.

Ha ocHoBe MeTOmOB MmoAo0Ms M pa3MEPHOCTH
[1, 3] ucxonnast pyHKLHUS ONPEACISIONINX PA3MEPHBIX
mapaMeTpoB [UIA JAHHOW 3aJadd MOXET OBITh Mpeod-
pasoBaHa K (YHKIMH ABYX Oe3pa3MepHBIX MPOU3BeE-
JIEHUH 3TUX apaMETPOB

®(Re, A)=0,

rae Re — dgmcimo Peitnonnaca; A — eqUHUYHAS Je-
dopmamms. Oba TpOW3BENCHHUS XapaKTEPHU3YIOT TY
WIN WHYIO THIPOMEXaHHUYECKylo cucrtemy. 13 dyHk-
LUOHAJIBHOM 3aBUCHUMOCTH CJIEAYET Ba)KHBIM BBIBOI:
aHaJIM3 XapaKTEPUCTHK CHCTEMBI (KOMIIpeccopa HIIN
€ro 9JIEMEHTOB) HEOOXOAMMO BBINOJHATH C YYETOM
COBMECTHOTO MPOSIBICHUS 3QPEKTOB THAPOANHAMUKI
n ynpyroctu. Konkpernsiii Bun ¢yHkimun @ moxer
ObITH HaljeH MO0 M3 (PU3NYECKUX HPEICTaBICHUMH,
100 3KCIIEPUMEHTAIBHO, JIMOO (JUIsl YaCTHBIX Clly4a-
€B) TeopeTHyecKu. [IpomutocTpupyemM onpeneneHne
® Ha ocHOBe ¢u3Hyeckoro noaxoxna. IlpuBeneHHyrO
BBIIIE (PYHKINOHAIBHYIO 3aBUCHMOCTh MOXKHO HCTOJI-
KOBaTh CIEIYIOMUM 00pa3oM: AeopMaIui ciemyer
YUUTHIBATH JIUIIb B TOW Mepe, B KAKOWH OHH BIMAIOT Ha
THIPOJMHAMHUKY NMOTOKa. [I03TOMy cienyeT BBISICHUTH
BOIIPOC: KAaKOBa JIOJDKHA ObITh MUHHMMAJIbHAsL BEIIHYH-
Ha nedopmaryy, HauuHas ¢ KOTOPOH THAPOAMHAMUKA
MOTOKA M3MEHSETCs] CYLIECTBEHHO ATl OCTABIEHHOMN
3agaun? Eciu OBl ynanoch HONyYUTh YHUBEPCATBHOE
BBIP@KEHUE Ul Takod nedopMalvi, TO OHO MOTJIO
Obl ObITh ecnu He KpurepueM, To Mepoir YIJI-
COCTOSTHHSI CHCTEMBI.

Ob6parumest k LIKM, ynpomieHHO TpencTaBuB
€e CHUCTEMOH INpPOTOYHBIX JIJIEMEHTOB (KaHAIBI MPO-
TOYHOHM dYacTh, 3a30pbl MEXAy paboOuMM KOJECOM M
KOPITyCOM, IIEJIEBbIC 3a30Pbl B YIUIOTHEHUAX U T. II.).
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MHOTOUYHCIICHHBIE HCCIICAOBAHUS CBHCTEILCTBYIOT,
YTO 3aBUCHMOCTH ISl KOX(QHUIHNEHTOB TOTEPh A B
ITHX AJIEMEHTaX UMEIOT BHU]L
A=CRe™, €))

rae C — HEeKOTOphIe ocTosiHAbIe; m = 1...1/7 (3Haue-
HUC 3aBHCHUT OT PEIKAMA TCUCHUS).

Paccmorpum nBa mnmenTnyHbix (C =idem) ka-
Hala, B KOTOPBIX MO JACHCTBUEM IMepernaja JaBIeHUs
TeuéT HeC)KUMaeMmas JKUJIKOCTh, MPUIEM CKOPOCTU
TEUeHHs OJMHAKOBBI. ByneMm cuutath IedopMaruio
KaHalla CYIIECTBEHHOM, €Ciii MOTepu B HEM H3MEHsI-
I0TCSI HE MEHee YeM Ha 3a/IaHHYI0 BEJIUYUHY ¢ TI0 OT-
HOIIICHHUIO K HeAe(HOPMUPOBAHHOMY KaHaiy, T.C. BbI-
TMOJIHSIETCS YCJIOBHE

=
——za. ©)

Uucno Re misg xECTKOro M ympyroro KaHajaoB
PaBHBI COOTBETCTBEHHO:

Re:(’)_l;Re’:(D(LAl)zRe(liZ);K=ATI, )
\Y \%

rJie ® — CKOPOCTh TEYECHUS KUAKOCTH; [ — rmorepey-
HBII pa3mep kaHana; A/ — BennunHa nedopMaluu Ka-
Hasla (3HaK IUTFOC COOTBETCTBYET PACIIMPEHHIO KaHa-
Ja, a 3HAK MUHYC — CY>KEHHIO); V — BSI3KOCTb KHJKO-
CTH.

[MoncraBuB 3Hauenust Re u3 ¢opmyn (3) B
ypaBHeHue (1), a 3aTeM MONyYeHHbIC 3HAYCHHUS A B
dbopmyny (2), MOIydUM OTBET HA MOCTABJICHHBIA BO-
IPOC B aHAIUTHYECKOM BUE

1
I—Wza. (4)

VuuThiBasg NPUONMAKEHHOCTh OLEHKH A, B
Pa3NoKEHNH B PsI BBIPAKSHUS B KPYTJIBIX CKOOKaX M3
dopmynel (4) mpeHeOpexeM BETUYWHAMH BTOPOTO
nopsika Manoctu. [loydnm ycnosue

IR (5)
m

rpaduyeckas HHTEpIpeTays KOTOPOro IpecTaBieHa
Ha puc. 3. Ecmu Touka, oTBewaromas COCTOSHHIO C
KOOP/IMHATAMH @, A, PACIONOKEHA BHINIE KPHBOM
33JaHHOTO PEXHMa TEUYCHUs, TO BIUSIHUE YIPYTHX
nedopMannii Ha TUAPOJUHAMUKY HEOOXOIUMO YyUH-
TBIBaTh.

Juarpamma, mpuBeféHHas Ha puc. 3, MOXeT
OBITh TAK)KE ITOJIE3HOH Ipyu Ha3HAYCHUM OOITYCKOB Ha
pasMeph! KaHaloB. B 9ToM ciaydae moa BenmuuuHOi A
CJIe/lyeT TIOHMMaTh MaKCHMaJIbHBIH JOIMYyCK Ha HOMH-
HaJIbHBIA pa3Mep KaHalla, a IoJ ¢ — NpUpAIeHHE TH/I-
PaBIMYECKUX MOTEPh COOTBETCTBYIOIIEE 3TOMY JO-
mycky. JlmarpaMMy MOXKHO WCIONB30BaTh W JUIS
OLICHKH JIONYCTHMBIX BEIWYHH 3PO3HH (KOPPO3UH)
WM o0nuTepanuy NpPOTOYHBIX KaHaJoB. [Ipm sTom
HYXXHO HCXOIWTh U3 JOMYCTHMOH IO YCIOBHSIM 3KC-
IUTyaTallud BEJTMYUHBI HW3MEHEHHs THPaBINYECKUX
MOTEPb.
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Puc. 3 —I'paguueckas unmepnpemayus yciosus
neobxooumocmu VI J[-ananuza eudpomexanuyeckou
cucmemsl — NpOMoOYHwIll Kanair: 1 — TypOyIeHTHBIH
PeXUM; 2 — TaMUHAPHBIA PEXUM

OLICHUM BEITUYUHY @ JJIsl PA3IMYHBIX CIIy4aes.
[TorpenHocTh COBPEMEHHBIX IKCIIEPUMEHTAIBHBIX U
TEOPETHYECKUX METOJIOB OIPE/ENICHUs MOTEPh B dJie-
MeHTax mnporoyHoi wactu LIKM cocraBmser oxoio
1%, n e€ MOXHO TPUHATHL B KavyecTBE IMapameTpa
a=0,01. Teuenue xapakrepusyercs pa3BUTBIM Typ-
OynenTHEIM pexumoM (Re =10°...107, m = 1/5). Ilo-
TPEIIHOCTD TUAPABIHUYECKUX PACUETOB MISICBBIX JJIe-
MeHTOB He Hmke 5 % (a=0,05), pexxum TedeHus
00braHo namuHapHB (Re = 10°%...105, m=1). Iloa-
CTaBHUB ATH 3HA4YCHHA B (opMyiIy (5), HOIyIHM Ipe-
JIelbHOe  3HA4YEeHHE OTHOCHUTENBHOW jaedopManuu

A > 0,05, KOTOpOe MOXKET CIy>KUThb YCIOBUEM IIPO-

BEPKHU M3y4aeMOro MPOTOYHOTO JIeMEHTa Ha HEOOXO0-
nuMocTb npoBeaeHuss YD [l-ananusza. Ui 1eneBbIX
3a30pOB YIDIOTHEHWH 3Ta OTHOCHUTENBHas Iedopma-
U JOJDKHA COCTABIIATH BETMYMHY MOPSIKA HECKOJb-
KHX MHKpOH, a I KaHAJIOB IPOTOYHOM 4acTh — He-
CKOJIBKHX JIECSTHIX J0JICH MIJUTUMETpA.

O0cyskaeHne pe3yJibTATOB

Peasmsamma YI'/[-anaau3a KOHCTPYKINHU
OKM BJ. VYnporieHHas cxeMaTu3alus 3JE€MEHTOB
KM B/l u mpuOnmkeHHOE BBIYNCICHHE KPUTEPHUS
(5) mo3BonseT Ha CTAaAMM MPOESKTHPOBAHUS, B TeX
Cily4asix, KOrja 3TO BO3MOXXHO, YCTPaHWThb BIIMSIHUE
ynpyrux zaedopmaiuii myTeM BbIOOpa COOTBETCTBY-
IOMNX JKECTKOCTHBIX XapaKTEPUCTHUK 3IJIEMEHTOB. B
NPOTUBHOM cilydae HeoOxoaum YT J[-ananus, npeny-
CMAaTpHBAIOIINH BHIOOP pacdeTHON CXEMBI AJIEMEHTa,
(hOopMyYJIMPOBKY 331a4i U €€ aHAIUTUYECKOE OIuca-
HUE B BUJE MOJHON CHCTEMBI yPAaBHEHHI C MOCIELY-
IOLINM pEIICHHEM 3TON CHCTEMBI YHCICHHBIM METO-
JIOM.

IIpu »TOM, KaK ciegyeT W3 pHUC. 2 BO3HHKAET
JIOCTaTOYHO MHOT'O YacCTHBIX 337a4, OCHOBHBIE U3 KO-
TOPBIX CIEAYIOLIME: BIMAHHE YHPYrux nedopmManuii
3JIEMEHTOB POTOpa M CTaTopa Ha 3(PEKTUBHOCTH MPO-
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TOYHOW YacTU U OCEBYIO CUIy, T'a30AMHAMHUYECKUX
CHJ Ha Iporud M AWHAMHKY pOTOpa, Aedopmaruii
IUIABAOLINX KOJEIll MAacsSHBIX YIJIOTHEHHH HA UX Xa-
pakTepuUCTHKH, AeGopMaruii JTaONPUHTHBIX YIJIOTHE-
HUI Ha UX TEPMETUYHOCTb U HaeXKHOCTh U Ap. [locne
pELIeHUs] YacTHBIX 337ad HEe0OXOJuMa KOMIUICKCHAsS
npoBepka koHcTpykuuu [IKM, nanpumep ananus au-
HaMUKHU POTOpA C YUETOM BBIYHCIICHHBIX Ta30- U TH/-
POIMHAMHUYECKHX CHJI B3aUMOJEHCTBHS €T0 C dJIEMEH-
TaMM CTaTopa, Ha OCHOBE KOTOPOH JENMAaeTCsl 3aKI0-
4yeHHe 0 paborocrnocobHocTH KoHCTpYyKIu [IKM BJI.

C ncrosb30BaHUEM MPEATIOKEHHOTO IOIX0a
peuieH psan 3amad aias oTaenabHbIX y3noB LIKM BJ:
KOHIIEBBIX YILIOTHEHHH Baja IUTABAIOIIUMHU KOJIBIIAMHI
[4], naOMpUHTHBIX YIUIOTHEHWH [5], IMHAMUKH poTopa
[6], a Takke KOHCTPYKLHMH KOpIlyca KOMIpeccopa B

uenoM [7]. B kauectBe wumoctpauuu B Tada. 1 mpu-
BelleHbl pacyeTHble AaHHble Y /[-aHamu3a KOHCTPYK-
MM KOpIyCa BBICOKOTO JaBJECHUSI LIEHTPOOEKHOIrO
komnpeccopa TKA-6,3/80 MIla, mokazaHHOTO Ha
puc. 1.

Crnemyer OTMETHTH, YTO B PAAC CIydacB I
IIKM B/l He mpexacTtaBiseTcsi BO3MOXKHBIM, B NPHH-
IUMe, OOeCTeYnTh TaKylO >KECTKOCTh KOHCTPYKIUH,
4T0OBl MOXHO OBIIO TpeHeOpeusb aehopManusIMu
aseMeHTOB. HeoOXoamMo MNpUHATHE  KOHIEHIINH
KM, 3akmtovaronieiics B MPOEKTUPOBAHUU U3 YCIIO-
BUSI HE CTaTHUYECKOTO COCTOSHHS, a COCTOSTHHS KOH-
CTPYKIIMH TIOJ pabodell Harpy3KOW, YTO MOXKHO OCY-
IIECTBUTh HAa OCHOBE HCHIOJb30BaHHSI Meroma YI'JI-
aHalu3a.

Tabmuna 1 — CBs3p ynpyrux aedopManuii 3J1eMEHTOB KOHCTPYKIMHU ¢ U3MEHEHHEM pabovHX IapamMeTpoB

LIBJI TKA-6,3/800

DJIeMEeHT
(y3emn)

N3menenue pazmepa

(zedopmartusi) 3IeMEHTOB, MM

W3menenne pabounx
HapaMeTpoB y3ia

[Iporounas yacTs:
pabouee koneco —
Oe3nonaTounslil Tuddy3op:
1, 2, 3-s cTynenu
4, 5, 6-51 cTyneHu

0,361
0,756

CwmelieHue oceii KaHalloB

MormHocTtb, KBT
+160

pabouee koneco —
CTaTop:

1, 2, 3-s cTynenu

4,5, 6-s cTyneHu

0,361
0,756

N3menenne 60KOBBIX 3a30pOB

Ocesas cuna, H

+5300

pabouee koneco —
cOopHas Kamepa:
3-4 cTyneHb

0,1
6-51 CTyIICHb

MakcuManbHbIH Tporu Bana

Paauanehas cua, H | AMmuinTya BuOpauuu, MKM
+633 —
+6455 +30

KOHL[eBbIC YIUIOTHEHMUS:

JaOUpUHTHBIE MaxcumanbHbIi mporud rpedHen Pacxop rasa, xr/c Hanpsokenne, MIla
0,008 +0,13 +8,8
BTYJIOUHBIE MACJIIHbIC PanmanbHoe oOxaTre Hapy)kHOro Koibla | Pacxox macna, j1/MuH Harpes macina, °C
0,03 -57,5 +19,4
IMoamumauKn M3MeHeHne TOMIUHBI CMa304YHOTO CJI0S MomHocTh, KBT Harpes macna, °C
OTIOPHBII 0,008 +0,2 +4
YIOPHBIH 0,042 +5,0 +24

BoiBoabl

1 OGOCHOBaH W TPEIJIOKEH METOJ KOMILICKC-
Horo YI'Jl-aHaiu3a BBICOKOHArpy>Ke€HHOTO ILIEHTPO-
0eXHOro KoMIIpeccopa Kak T'MIAPOMEXaHUYECKOH CH-
CTEMBI ¥ €r0 OTBETCTBEHHBIX y3JIOB KaK IO/ICHCTEM.

2 [IpennoxeHbl KPUTEPUU JJIsl OLIEHKH HEoO-
xoauMocTH nposenenust Y1 [l-ananusa.

3 C mpumenenueM Mertoja YI'Jl-aHamu3a Ha
npumepe LIKM B/I nokazaHo CyliecTBEHHOE OTINYNE
€ro THAPOMEXaHHYECKHUX XapaKTEepUCTHK OT OIpene-
JICHHBIX TPAIULHOHHBIMHA METOJAMH pa3/eNbHBIX Ta-
30JJUHAMUYECKOT0 ¥ IPOYHOCTHOTO PacUeTOB.
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