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IKCNEPUMEHTAJIbHOE OIPEAEJEHUE PACHPEAEJIEHUSA JABJIEHWSA W TEMIIEPATYPbBI
B 3A30PE «CYXOI'O» 'A30JJMUHAMUYECKOI'O YILUIOTHEHUS

Knroueewvie cnoea: cyxoe 2a300UHAMUYECKOE YriomHeHue, uenmpo6eorcu bl KOMRHpeccop, 3KCnepumMeHmanbHole uccnedosanus.

Ilpeocmasnenst pesynomamer okcnepusmenmanenozo onpedenenus npoPuRs OAENCHUR U MEMNEPAMYDLL & 3a30pe
cyxozo eazodunamuyeckozo yniomuenun (CI'Y) yewmpobedxcnozo komnpeccopa, Komopoie YOOGIEeMEOPUMENbHO
CONACYIOMES ¢ Pe3yTbMAmMamu meopemuteckux Ucciedo8anuil, umo no0meep coaem adoexeamHocmes pazpabomanHol
Mamemamuyeckou  MOOenu  (QYHKYUOHUPOSAHUSL  YIUIOMHERUS U NO3BOISEM PeKOMEHO08aMb  paspabomaniyio
npocpammy pacuéma ons 6HeopeHus 6 KOHCMPYKMOPCKYIO npakmuky no cozdanuo CI'Y.

Key words: dry gasdynamic seal, centrifugal compressor.

Results have been presented of the experimental study of the pressure and temperature distribution in gap of dry
gasdynamic seal of centrifugal compressor. The above results show satisfactory agreement with the results of
theoretical investigations, thus confirming adequacy of the worked out mathematical model of the seal operation and
permitting to recommend the worked out calculation program for the introduction into the dry gas seals development

practice. ;

K HacToAIEMY BpeMEHHU «CyXue»
ra3o/iIMHAM M4ECKHUE YIUIOTHEHUS Cry)
3apeKOMEHI0BANH ceba HaJIEXHBbIM y3JIOM
LEeHTpOoOe)HOTO KoMIpeccopa. ITOoMy THITY
YIUIOTHeHMH B  OOJIbIUAHCTBE CiydaeB  OTAAETCS
OpeAnoYTeHe  Npu  pa3paboTke  LEHTPOOEKHLIX
KOMIIpECCOpoB © A0 95% BHOBb  BbIITyCKaeMbIX

arperatoB ocHamaercs cucremamu CI'V.

Cosnanue CI'V He BO3MOKHO Oe3 paspaborku
CIIOKHBIX TEPMOYIIPYIOra30AMHAMHUECKHX
MaTeMaTHYecKuX Mojeneil uX (QYHKUHOHHPOBAHUA
[1.,2], a Tamke nDpoBepKH WX aACKBATHOCTH Ha
IKCIEPUMEHTANLHBIX  YCTAHOBKAX,  WUMHUTHPYIOIIMX
paboTy yIUIOTHEHUH B KOPIYCE CxKaTUs UEHTPOOEKHOIO

KOMIIpeccopa.
B JAHHOM pabote IPEACTaBJICHbI
SKCIICPHMCHTAJIbHBIC 3HaAUYCHHUsA pacnpeaeneHmua

jaBllenus M Temneparyphi B 3asope CI'Y u mx

CONnoOCTaBJICHUC C pe3ynbTaTaMu TCOPCTUHECKOTO
HUCCJIeJOBAHMAL.
DKCHEePUMEHTAIbHBIC HCCIeI0BaHUA

[POBEAEHL! Ha CHeNHAJIbHO pazpa60'raHH0M CTEeHIE,
COCTOALIEM U3 YCTAHOBKH /1A WCIIbITAHUSA YIUIOTHEHHA,

MYJIbTUIUIMKATOPA, 3JICKTPOABUraTE N, CHCTEMBbI
CMa3sKH MOJIIUITHUKOR, CUCTeMBI Nofadn OydepHoro u
0apbepHOro  BO3/IyXa, AaBTOMATHYECKOW  3aLIMTSI,
KOHTPOJILHO-U3MEPHUTENBbHO H  PeryJiMpoBOYHOMN
anmnapaTypbl.

YcraHoBka Ui UCTIBITAHUA Er'y
npeicTaBasna  coboii  CcTanbHOH  IATHHAPHYECKHM

KOPMYC € POTOPOM Ha MONIIUMNHHAKAX CKOJBXEHUA U
[peiHa3HAYeHa AT OJ{HOBPEMEHHOTO UCIIBITAHHUS ABYX
Y3I0B  YIJIOTHEHUH. [eoMeTpuueckue  pasMeps
BHYTpEeHHEH 4acTH KOpIyca COBMECTHO C pasMepamMH
poTopa COOTBETCTBOBAJIM TMOCATOYHOMY MECTY MOJI
CI'Y B xopmyce cKaTHs LEHTPOOEKHOrO HarHerarejis
['TIA 16 «Bonra». BydepHbiii Bo3ayx moj naBneHuem
noaasancs Mexay CI'Y yepes 10TyLep, BbIIOJHEHHBIH B
UeHTpaJIbHOM  wacTH  ycraHoBku. Ha  kxopmyce
HCIBITATEIbHON YCTAHOBKH € BYX CTOPOH OT CPEIHETro
CeYeHHs BBITIONHEHb! (UIAHLBI ¢ KPBIIIKAMH /U1 BLIBOJA
MPOBOJIHMKOB TEPMOTIAP H UMITYJIbCHBIX TPYOOK st
3amMepa J@BJICHMN, IOTynepa g NPUCOCIMHEHMs
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TPYOONPOBOAOB C WENBIO 3amMepa pacxoia YTeuek
BO3ayXxa mocne nepsbix crynenedi CI'Y, a Tawoke
I0/IBO/Ia-0TBOAA OAPLEPHOIo BO3IYXA.

B xawectBe 00beKTa HMCCIeIOBaHUs BbIOPAHO
HepesepcusHoe CI'Y  nns  uarmerarenss [TIA 16
«BoJiray, MPOU3BOICTBA OAO
«KazaHbkoMITpeccopMalrn. Bremmnuit BH]L
YIUIOTHUTENBHON CTYNEHHW, COCTOAIEH W3 aKCHaTbHO-
NOABMIKHOI'O W BpALLAIOLIEroCs KOJEL I0Ka3aH Ha
pazobpannom CI'Y, npesncrapneHHoM Ha puc. 1.

Bpauapueecs komuo

AkcuaneHa-nodbuxuoe koo

Puc. 1 - UcnbiTyembrii yzen CI'Y

[TpoTakEHHOCTE TA30ROTO CIIOS WCIBITYEMOTO
YIUTOTHCHHA B paguajibHOM HAlIPABJICHUH,
3aKJIOYEHHAS MEXJy Hapy>KHbIM panguycom
ra30(MHAMUYECKUX KOJel R, cooTBeTcTByowero 119

MM ¥ BHYTPEHHHMM paJMyCOM aKCHaIbHO-IOIBHIKHOIO
Kosblia R, cooTsercTBYMOMmIErO 95 MM coctaBisuia 24

MM.

O BaXHOCTH IKCHEPUMEHTA [0 OIPE/eTeHHIO
npoduis NaBIEHHA B HAY4HOM IUIaHE HEOOXOAMMO
OTMETHTD CIEMYIOIIEe: BO-TIEPBLIX AaHAIN3 UMEIOIMXCS
JIUTEPATYPHBIX JaHHBIX MOKAa3bIBAET OTCYTCTBHE TAKOIO
IKCIIEPHMEHTA B PAHCE BBINOJHCHHBIX HCCICIOBAHMAX,
CNeNOBATENIbHO,  TAaKOW  JKCMEPUMEHT  NPOBENEH
BIICPBBIC; BO-BTOPbIX, IJTOT JKCHEPHUMEHT IIPAMO,
HEMOCPEICTBEHHO TMO3BOJIWI H3MEPUTh JaBiieHUE B
ra30BOM Cjioe, He npuberas K KOCBEHHbIM METOJaM.
TpeOyrouHM nepecyéra.

3amep pacrpenesneHus NIABJIEHUS
HPOU3BOAMICA BAOCJb Paguyca akCHalbHO-MOABHAKHOTO
KOJbIIa 0 CXeMe, TIPEJICTABNIEHHOM Ha pHc. 2. B Kosie



2 BBINOJTHEHBI YeThipe oTBEpCTUS auameTpom 0,8 mm,
KOTOpBIE COOTBETCTBYIOT paauycam r=117 mm, 112
MM, 107 wmm, 102 mm. OtBepcTua NEPEXOHAT B
palMaIbHbIE KaHaIbl TUAaMETPOM 2,2 MM, ¢ KOTOPBIMH B
CBOIO OYepelb COCAMHAIOTCH MMITY/bCHbIC TPYOKH 4,
NpOXOJALIHEe  yepe3  PE3UHOBBbIA  YIIIOTHUTEND,
YCTAHOBNACHHBI B  Kopmyce ycramoBku 5. K
UMITYJILCHBIM TpyOKaM 4 IoJcoequHEeHbl MaHOMETPBI
M1...M4, pa3MemgéHHble C MOMOMIBIO AepkKaTe/d 6 Ha
KOpITyce YCTAHOBKH.

M M

Ms My

1= ban, 2 - awcuanswo-nodouxxoe Koasus, 3 - Bpaucnuescs Komsya,
4 - uMayLCHIe MEYIKY, 5 — KGDAYC UCTAMEMEsHOY YCMmaHoBKy

6 - depxament Gns MaHONEmpEos MM; - MOHOMEIN
Puc. 2 - Cxema u3MepeHHs JaBJICHHH

Humerp MMITYJIBCHBIX Tpyb6OK 4,
cocrapisiromuii 0,6...0,8 MM co3fasan COMPOTHBIEHKE
W YBEJIMYHMBAN BPEMS TMEPEXOTHOTrO Mpolecca CHCTEMBI
M3MEPEHHH, 1103TOMY [IPHM IIPOBENEHMM IKCNEPUMEHTA
HeoOXoarMo ObLI0 TOGUTHCS, 4T00bI CyMMapHas JJiHHA
BBITIOJHEHHBIX OTBEPCTHH € IMHOH MMITYJIbCHBIX
TpyOOK ObUla MUHUMANBHOW. B npeicTaBneHHon cxeme
JUIMHA KaXkIOW M3MEpUTENbHOM JMHUM HE MpeBhbIIiajla
0,9 M, 91O 0OECMEeUBAIO BPEMS NMEPEXOJIHOrO MpoLecca
He Gonee | MUHYTSI.

K BBINOJHEHUIO OTBEpCTHH AuamerpoM 0,8 MM
NPEeNBARIAINCEL  CleAylouMe TpeGoBaHHsA: KPOMKH
OTBEPCTHH JI0JDKHBI ObITH OCTPLIMH, HE JOJDKHBI UMETH
CKOJIOB, BbIKpALIMBaHUA U 3ayCEHLEB.

Touka 3amepoB M3 COOTBETCTBYET pagMyCy
OKOHYAHHS ra30JMHaMUUEeCKUX KaHaBOK K, .

Ha puc. 3 npeacraBiieHbl SKCIEPUMEHTAIbHbBIC
3HAUEHHWA paclnpeleNeHua NaBjieHHH BHOJb pajaHyca
AKCHANIbHO-TIONBIXXKHOTO  KOJblla #, HAa KOTOpbIC
HAHCCEHBbI 3HA4YCHUA, TIOJYYEHHbIE B peE3yJbTaTe
pacuéTa, MPOBEJEHHOTO 1O Pa3paboTaHHON MeToIuKe
[1,2]. Pacy€THble 3HAUEHUsI YCPEIHEHBI MO paIHyCy
orbopa HUMITyJbca [ABJEHHA, TaK KaK M3 Pacu&THLIX
Hccnen0BaHui U3BECTHO: 4TO BHYTPH
razo{iHaMH4eCKOn KaHaBKU B paaraibHOM
HAMpPABJICHUM, [aBJICHHE BO3pacTaeT OT pajauyca Ha
BXoJe B 3a30p R, (COOTBETCTBYET  Haualy

ra30JMHAMMYECKMX KaHABOK) K pajMycy OKOHYaHHsA

ra30MHaMH9E€CKHX KaHaBOK R, npeBblai
yIUIOTHAEMOE  JaBjicHHe F;; B 30HC Mexay
ra’oHHaMHYeCKUMH  KaHaBKaMHM  JIaBieHHe B

paaMalLHOM HampaBlIeHMM TNajaeT OT paudyca R, K
paguycy R, U 3HAaueHHe NABJIECHUS CTAHOBUTCS HUXKE
P
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Pue. 3 - DOxcnepuMcHTJAbHbIE
pacnpeneneHus NAaBJICHHS B0JIb
AKCHAJIBHO-MIOABHXKHOIO KOJ1blIa

3HAYCHHS
pasuyca

PesynbraTht 3KCIIEpUMEHTA
YAOBJIETBOPUTENILHO  COTNIACYIOTCS €  Pacu€THBIMH
JaHHbIMH. B o6nacté ra3ofiMHaMMYECKHX KaHABOK
HanbosbIIee pacxoxacHua 10 24 % HUMEIOT 3Ha4YeHHs
coorBeTcTBytomue Touke M1 (»=117 mm) npu P, =5

> 2
KIc/cM”, KOTOpble TMpH yBenuuenun P, 1o 25 kre/em

yMeHpmaloTes 10 9 %. B touke M3 (r=107 mm),
COOTBETCTBYIOILIEH pajuycy OKOHYAHHS KaHaBOK,
PACXOXKHEHHSI  MEXKIY  JKCIEPUMEHTAIbHBIMU W
pPacuETHLIMM JAaHHBIMH C pOCTOM JaBieHus ¢ P, =5

kre/em’ 1o P, =25 krc/em’ ymenbmaiores ¢ 25% 1o 4%.

B obnactu YIUIOTHHUTEIBHOIO NMOSICKA, B TOUKE 3aMepPOB
M4 (r=102 MM), pacXoXaeHus MEXKTY
SKCIEPUMEHTANLHBIMA M PacyYETHBIMM JAHHBIMH €
poctoM P, oT 5 krc/eM® 10 25 Kre/cM? yMeHbInaloTes
oT 56% 110 12%.

OcHoBHBIM (axTopom, OIIpEICIAOUIMM
3HAYUTE/ILHBIE PACXOXKICHUS, KOTOPbIe MMEIOT MECTO
mpu  P,=5 Krc/cM®  SBiSieTCs COIMPOTUBJICHHE B

UMITYJIbCHBIX TPYOKax d4epe3 KOTOpble IPOM3BOIAWICA
oTOOp AaBlieHHs1 HA MAHOMETPBI. J{lHaMeTp UMITYJILCHBIX
TpyOoK coctarisa 0,6...0,8 MM, [UIMHA 1O MAaHOMETPOB
cocrapiana 0,9 m. Takum o0Opa3om, CONPOTHMBIEHHUE
ugmepmenu{oﬁ JIMHUM OKa3bIBAJI0O MEHLIIE BIIMSIHHUSA HA
NoKa3zaHus MpUOOPOB MPH GoJiee BHICOKUX JAaBJICHUAX, a

CleIoBAaTeNlbHO  HMX  MOXHO  cuWTaTh  Gonee
JOCTOBEPHBIMH.
DKCHEpHUMEHTATIBHOE ornpeaeieHne

pacipenieNieH|s TeMIepaTypsl rasa B YIDIOTHHUTEIbHOM
3a30pe npencraBisgeT co0oi CIOXHYHO 3aJavy, T.K. Ha
IIPOLECC TEIUIOOTBOJA OKAa3bIBAeT BIHAHHE HE TOJIBKO
TEIUIOOTBO/A 9EPE3 KONbLA Ta30JHHAMUYECKOW [aphl,
4TO YYHTHIBACT paspaboTaHHas MeToAMKa pacuéra [1,2],
HO W yepe3 Hetanu ymnotHenwus. [Ipm mporeneHun
IKCMEPUMEHTA Ha UCIBLITATEJIbHOM CTEHJE HEeOOXOIMMO
Y9UTBIBATH  HArpeB  MOJAMIMIIHUKOB W MYQThHIL
VIMeIomuiics dKCIepUMEHTANIbHBIA CTEHI HE CHAOXEH
CUCTEMON OXJIAKJACHHS M HE IpeaycMaTpuBacT
HUPKYJIALHIO TI0/IaBaeMOro Ha yruloTHeHus OydepHoro
raza. Heboabmmoe KoaudecTBO rasza, nogaBacMoro Ha
YTUIOTHEHHS] TIPOTeKaeT 1Mo padodyeMy 3a3opy B
YILUIOTHEHUH. He uMes BO3MOMKHOCTH AJIA BbIXOJa Ha
YCTAaHOBUBIUMHCSA PEXHM, KOrJa TeMmIieparypa Iociie
IIEPBOH CTYNEHU YIUIOTHEHUSA CTAHOBUTLCH HEH3MEHHOM



OMpeleieHHe TEMMNeparypbl B Ta3oBOM  CJIoE€ B
3aBHCHMOCTH ~ OT  PEXHMMHBIX  [apamMeTpoB  —
YIUIOTHAEMOIO [@BJICHHU W TeMIepaTyphl, dYHciIa
000poTOB poTOpa ABIAETCH HekoppekTHOM. Ommako, ¢
JAOCTATOUHOMN JOCTOBEPHOCTBIO MOXKHO OMpPEHEIHTh HE
KOJWYCCTBCHHY IO a Ka4qCCTBCHHYIO KapTHHY
pacnpeseseHus TeMrepaTypbl — IPaiMeHTt, 49TO W
BBIITOJIHEHO B HACTOSILEM YKCIIEPUMEHTE.

3amep pacmpejiesieHHs TeMIeparypsl BIOJb
panuyca AKCHATbHO-TIOIBUKHOTO KOJNbLia
OCYILLICCTBIICTCS MO CIEAYIONCH CXeMe: Ha KOJblie
BBIIIOJIHEHBI TPU OTBEPCTUS AMAMETPOM 2 MM, KOTOpPhIE
COOTBETCTBYIOT paamycam r =100,5 mm, 107 MM, 116
MM. B 9T oTBepcTHsS [0 Yropa RCTaBISUIMCH
TepMonapesl  rpaaxyupoBku XK (Xpomelnb-Kamenb) U
3alHBTHCh  DMOKCHIHOW — cmonoii.  TepMomapbl ¢
[OMOIIIBIO KOMITEHCALHOHHBIX IPOBO/IOB
MOACOCIMHAINCh K 12-TH TOUCYHOMY NOTECHUHOMETPY
tina  KCII-4, mHa koTopoM perucTpupoBaiach
Temneparypa.

Ha puc. 4 mpezcrapiieHs! 3KCNEPHMEHTANILHEIE
3HAYEHHSA pacrpele]eHns TeMIepaTyphl BAOJb pajuyca
aKCHaJIbHO-TIOABHKHOIO Kosiblia. Ha sToM ke pucyHke

MpeCTaBIeHbI pe3yNbTAThI TEOPETHUECKUX
Ucclie JOBAHUM. Xapaktep H3MEHEHNU
IKCNEePUMEHTAILHBIX J@HHBIX pacnpejiejieHus

TEMIIEPATYpPbl B [a30BOM CJIOE€ IIOBTOPSET Xapaktep
pactpcIeNCHUs  TCOPCTUYECKHX — 3HA4YCHHM,  4TO
MO3BOJIWIIO TOJATBEPJIUTH BHIBOIBI MapaMETPHYECKOTO
JCCNeIOBaHMA O TOM, YTO OCHOBHOM POCT TeMIIepaTyphbl
B 3a30pe ITPOUCXOHUT B 0OJIACTH BXO/Ia B Fa30BbIi CIIOH.
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Puc. 4 - Dkcnepumentanbuble  3HAYEHHS
pacmpeneieHusi TemMmepatTypbl BAOAbL  paaMyca

AKCHAJIbHO-NOIBUAKHOI0 KOJILIA

IMoyydeHHBIC pe3ysbTaThl, @ TAKKE CPaBHEHHE
OMBITHBIX W PacY€THBIX JAHHBIX MO3BOJSIOT CHENATh
BBIBOJ O MPUIOAHOCTH, Pa3padOTaHHOW METOITHUKU
pacuéra CI'Y. PesynpTarel JKCIEPHMEHTAIbLHBIX
MCCIEIOBAHUM JAI0T Talke UEHHYI0 HHpopMaLuio,

KOTOpasi MOXET ObITH HCITOJIb30BaHa Ipu
MMPOCKTUPOBAHUH, JIOBOJIKHA W OTIaakKu KCYXUX»
ra30MHAMMYECKUX  YIUIOTHEHWH  LEHTPOOEKHBIX
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