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HNCCJIEJOBAHHME TEIIJIOBOI'O COCTOAHUA TNIPOI'EHEPATOPA 30HTHYHOTI' O
THUIIA METOJAMMU CAE

B npencrasnenHoi paboTe pacCMOTPEHO HCCIENOBAHUE TEITIOBOTO COCTOSHHS THIPOICHEpaTopa 30HTHYHOIO TUIIAa MOIIHOCTHIO 60 MBT.
Ioxa3ana BO3MOXHOCTh OIpEEIeHNs TPAaHUYHBIX YCIOBHHI 3 poaa, HeOOXOAUMBIX IS ONpeNeleHHsI TEPMOHAPSDKCHHOTO COCTOSIHUS Jie-
Tajedl ¥ y3J10B THAPOreHEPATOPOB, BO3HUKAIOIIUX B X KOHCTPYKTHBHBIX H "aKTHUBHBIX dacTiX'". KpurepueM cXoaMMOCTH MPEUIOKEHHOTO
METOZIa CTajo ONpEAeNCHHEe MUHMMAIBHO JOIyCTHMBIX MOTEPh HAa BEHTHILILHMIO NPU 00ECHEeYeHHH MOTPEOHOrO0 PAacXofa OXJIAKAArOMIEro
BO31yXa, HEOOXOJUMOTO A OXJIXKACHUS MAamMHEL [Ipu 9TOM coXpaHseTcss paBHOMEPHOCTb TEMIIEPAaTYpPHBIX HMOJIel "aKTUBHBIX dacTei"
reHeparopa. OCOOCHHOCThIO KOHCTPYKIIMH CHUCTEMbl BEHTWIALMH CTAIH CIELUATbHO CHPO(UINPOBAaHHBIE HATHETATEIbHbIC 3IEMEHTHI B
BHJIE IUIACTHH, 3aKpEILICHHBIC Ha 000/1e poTOpa.
KiroueBble c10Ba: TuiporeHepaTop, FpaHUYHBIC YCIOBHS, CHCTEMa BEHTHIIIUY, YCIOBHE CHMMETPUH.

O. B. TPETAK, A. €. KOBPUI'A, M. B. PEIIETEHKO, P. P. HYPMETOB
JOCILIXKEHHSA TEIIJIOBOT'O CTAHY I'IIPOTEHEPATOPA 30HTHUYHOI'O THITY
METOJAMMU CAE

VY mpencraieHiit po6OTi PO3MIIHYTO JOCTIIKEHHS TEIUIOBOTO CTaHY IigporeHepaTopa 30HTHYHOTO THITy HOTYkHicTIo 60 MBT. Tloka3ana
MOXJIUBICTh BU3HAYCHHS IPAHUYHUX YMOB 3 POy, HEOOXiTHHX I BU3HAUCHHS TEPMOHAIPY)XCHOTO CTaHy JieTanel i By3JiB rizporenepa-
TOpIB, 1[0 BUHUKAIOTh B X KOHCTPYKTHBHUX Ta "aKTMBHHX 4acTHHaX". KpurepieM 301KHOCTI 3aIpOIIOHOBAHOIO METOY CTaj0 BU3HAYCHHS
MiHIMaJBHO JOMYCTUMHX BTpPAT HA BEHTWIIALIIO NPH 3a0e3Me4eHHI MOTPiOHOT BUTPATH OXOJIOKYIOUOTO MOBITPS, HEOOXIJHOTO VIS 0XOJIO0-
JOKeHHsT MalnuHu. [Ipu npomy 30epiraeTbesi piBHOMIPHICTD TEMIIEpaTYpHHX IOJIIB "aKTHBHUX YacTUH" reHeparopa. OcoOIMBICTIO KOHCTPYK-
ii CHCTEeMH BEeHTHIALIT CTaM CHELiaIbHO cripo(diIbOBaHI HArHITANIbHI €IEMEHTH Y BUIILLII IUIACTHH, 10 3aKpiIlIeHi Ha 00011 poTopa.
Ku1ro4oBi ciioBa: rigporeHeparop, TpaHH4YHI YMOBH, CHCTEMa BEHTHIIALIT, yMOBa CHMETPIi.

O. TRETIAK, A. KOVRYGA, M. REPETENKO, R. NURMETOV
THE RESEARCH OF THE THERMAL STATE OF THE UMBRELLA TYPE
HYDROGENERATOR BY CAE METHODS

In submitted paper the research of the thermal state of the umbrella type Hydrogenerator rated 60 MW is considered. Heating and ventilation
calculation was performed in a three-dimensional formulation using the Solid Works Flow Simulation. The possibility of determining of the
boundary conditions of the 3-rd kind necessary for determining of the thermal-stressed state of parts and units of Hydrogenerators emerging
in their constructive parts and "active parts" is shown. The criterion for the convergence of the proposed method was to determine the mini-
mum allowable losses to ventilation while ensuring the required cooling air flow rate necessary for the Hydrogenerator cooling. At that, the
temperature fields of the "active parts" of the generator are maintained uniform. The design feature of the ventilation system is specially
profiled forced elements in the form of plates fastened on the rotor rim. The temperature of the "active parts" did not exceed the limit of
acceptable values according to GOST 5615-89 for insulation class F.
Key words: hydrogenerator, boundary conditions, ventilation systems, symmetry condition.

BBenenne

B cBs3u ¢ yxecToueHHMeM TpeOOBaHUI K MeXxa-
HUYECKOM MPOYHOCTH Y3J0B THAPOTEHEPATOPOB U
THIPOTEHEPATOPOB-ABUTATENCH TPH MX PEKOHCTPYK-
LUK C OAHOBPEMEHHBIM MOBBIIIEHHEM MOIIHOCTH U
YBEJIMUEHUEM  PACUCTHbIX  3HAUYEHUM  pas3roH-
HOM/YrOHHOW 4acTOTHI BpallleHHs, BO3HHUKIA HE00XO-
JUMOCTb JOTOJHUTh CYILIECTBYIOIIUE METOABI pacde-
TOB KacaTeJIbHO MEXaHHYECKOH MPOYHOCTU Y3JI0B U
TEIUIOBBIX Harpy3ok coBpeMeHHbIMH MeTtonamu CAE
B TPEXMEPHOM IOCTaHOBKE, oOOnamarommMmu Oosee
BBICOKOM TOYHOCTBIO.

Ha sTame mpoekTupoBaHUS OCHOBHBIE XapaKTe-
PHUCTHKH 3JIEKTPUYECKUX MAIIWH BBHIOMPAINCH C yde-
TOM YMEHBIICHHS Macca-radapuTHBIX IOKa3aTeseil ¢
JOCTIDKEHHEM MAaKCHUMaJbHO-BO3MOXKHOM 3KOHOMMHU
MaTepHaJIOB, NPU NPEAETbHBIX 3HAYCHUSAX MOIIHO-
CTeH THUIPOTeHEPATOPOB B 33aHHBIX TEOMETPUIECKHIX
OTpaHMYCHUSIX, BBI3BAHHBIX KOHCTpyKuMed (yHaa-
MEHTA.

Heab padoTsl

Henpro HayuHOW pabOTHI CTANO HCCICIOBAHUE
TEIJIOBOI'O COCTOSIHUSI TMAPOTrE€HEPATOPa MOIIHOCTHIO
60 MBT 30oHTHYHOro THma. OCHOBHBEIMHM 3ajladaMU
CTaIM: ONpENENICHHe JOMYCTUMBIX COOTHOIICHHMA
HAaIlOPHBIX BO3MOYKHOCTEH HAarHeTaTelIbHBIX SJIEMEH-
TOB W a3pOJMHAMUYECKOTO COMPOTUBIICHUS BEHTHJIS-
[IMOHHOTO TPaKTa TUAPOTEHEPATOPA B 3aBUCUMOCTH OT
TEOMETPUYECKUX pa3MepoB, OICHKA pacpeeICHUs
pacxoloB ra3a 4epe3 aKTHBHBIE M KOHCTPYKTHBHEIC
9JIEMEHTHI TeHepaTopa U UX TEIJIOBOIO COCTOSIHUSA, a
TaK)K€ HAXOXKJIEHHE MOTEePh MOIIHOCTH HA BEHTUJIS-
LIUIO U TPEHUE BPAIIAIOIIUXCS YacTel 0 BO3yX C BO3-
MOXKHOCTBIO BBIOOpA TPAaHUYHBIX YCJIOBHUI B 3amadyax
TEPMOYIIPYTOCTH.

I'pannunblie ycaoBus

B ocHOBe ompeneneHus TEPMOHANPSHKEHHOTO
COCTOSTHHS I€TANICH U Y3JI0B KPYIHBIX IEKTPUIECKIX
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MAaIllUH JIEKUT HaXOXKICHUE NCHCTBYIOIUX TeMIlepa-
TYp, BO3HUKAIOIUX B "aKTUBHBIX YacTAX'" THJIpOreHe-
patopoB. [Ipu a3Tom cornacuHo TpedoBanuii OCT 533-
2000 "Typ6orenepatops" u TOCT 5616-1989 "run-
poreHepaTopsl” pelIeHWe BHIMICYKAa3aHHBIX 3a1ad
HPEABIBISAECTCS U YCTAHOBUBILETOCS PEXUMA.

Cornacao pabot [1-3] rpaHWYHBIE YCIIOBHS B
3aJadax TEPMOYNPYTOCTH MOTYT OBITh YETBIPEX TH-
TOB.

Jnst pelienust TEIIOBOW 3aayd B TPEXMEPHOMI
[IOCTAaHOBKE MCIIOJb3YHOTCS I'paHUYHbIE ycioBus [I1-
ro poja. 37ech 3aJal0Tca TeMIepaTypa OXIaXKAatomie-
ro BO3[yXa 7, U 3aKOH TEIUNI00OMEHa MEeXAy IIOBEpX-

HOCTBIO Tejla M OKpyXawlueid cpenoil. I'pannynoe
YCIIOBHE TPETHETO POJa XapaKTePU3YeT 3aKOH TerIo-
oOMeHa MeXIy HHMHU B TMPOLECCE OXJAKICHUSA W
HarpeBaHus Tena [4]. [ns onucanus npoiiecca Termo-
oOMEHa MEXIy MOBEPXHOCTBIO TEJa WM CPEIOW HC-
none3yetcss 3akoH HproToHa-Puxmana. CormacHo
9TOMY 3aKOHY KOJHUYECTBO TEIUIOTHl, OTJaBAEMOE
eAVHUIICH ITOBEPXHOCTU Tella B EIWHUILy BPEMCHH,
MIPOMIOPIIMOHATIFHO PA3HOCTH TEMIIEPATyp MOBEPXHO-
CTHU TElla !, U OXJAXKJAIOIIEro Bo3ayxa t, (t, >t,):

q= OL(IC - ts)’

rae o — Ko3(h(UUUEHT MPONOPLUHOHAIBHOCTH, HA3bI-
BaeMblii Kod(duimentom Tennooraun, Br/(m>K).

ITo 3aKkoHY COXpaHEHHS 3HEPIHH KOIHYECTBO
TETJIOTHI, KOTOPOE OTBOAMUTCS C €OMHUIIBI TTOBEPXHO-
CTH B EAMHHIy BPEMEHH BCIEICTBUE TEIUIOOTIAYN
JOJDKHO PaBHATHCS TEIUIOTE, MOIABOANMON K €AMHHIE
TIOBEPXHOCTH B €AWHMILy BPEMEHH BCJIEICTBHUE TEIIO-
MPOBOJHOCTH M3 BHYTPEHHHUX 00HEMOB TeJa, T.€.

ot ~1,)= —x[ﬁjc ,

on

rie n — HOpMallb K MOBEPXHOCTU TeJa; UHICKC "C
yKa3bIBaeT Ha TO, YTO TeMIIEpaTypa U IrpaJueHT OTHO-
csATCS K moBepxHOCTH Tena (tpu n = 0).

OKOHYATEeNbHO TPAHUYHOE YCIOBUE TPETHETO
poAa MOXKHO 3amucarh B BUJIE:

(2] --Se-n)

JlaHHOE€ ypaBHEHHE TIO CYULIECTBY SIBIISIETCS
YaCTHBIM BBIPAKEHHUEM 3aKOHA COXpPaHCHHS dHEPTHH
JUTSI TIOBEPXHOCTH TeJa.

Jlns BBRIIOTHEHUS yCIOBUS OJHO3HAYHOCTH Tpa-
HUYHBIE ycloBuA [[[-ro poga HE0OXOAUMO JTOTIOTHUTH
3HAYCHUAMHU KOI(D(PUIMCHTA TEIJIOOTHaud O, IMOJTY-
yenasiMu MeTonamu CAE.

YpaBHenuss HaBbe-CTokca
U MOJeJb TYpOYyJIeHTHOCTH

TermmoBoe COCTOSHHUE CIOXHBIX 3JIEKTPHUCCKUX
MalIdH BO3MOXHO BOCCTAHOBHUTH C MOMOIIBIO TTaKeTa
Solid Works Flow Simulation B TpexmepHOil mocra-
HOBKE.

31ech ABIKEHHE M TEIJIO0OMEH paccMaTpHBae-
MOH TeKydell cpenbl MOJIEIUPYETCS C IOMOILBIO
ypaBHeHuil aBmxxenuss HaBbe-Ctokca B HeCTallMOHAP-
HOW IOCTaHOBKE:
a—U+Uxa—U+Uya—U+UZa—U:
ot Ox 0% oz

=VAU—égradP+]:",

rae U - none CKOpOCTeii;
t — BpeMs;
p — IVIOTHOCTB CPEJbI;
V — KHHEMATUYECKas BI3KOCTb;
P — naBneHwme;

F — cura.

Jus mMonenupoBaHusS TypOYJIEHTHBIX TEUYCHHH,
KOTOpbIE HanboJiee 4acTo BCTPEYAIOTCS B WHXKEHEP-
HBIX 33j1a4ax, JaHHbIE YpPaBHEHHs OCPEHHSIOTCS IO
PeitHonbcy. B pesynbrare ypaBHEHHS IOJY4arOT
JIOTIOJTHUTEJIbHBIE WICHBI — HANPsDKeHUs 1Mo PeifHob-
ncy [5]. Torma st 3aMbIKaHUSI BCEl CUCTEMBI ypaB-
HEHUI COXpaHEeHUs] MacChl, UMITyJbCa U DHEPTHU He-
CTALMOHAPHOTO MPOCTPAHCTBEHHOTO TEUEHNUS HCIIONb-
3YIOTCSl YPaBHEHUS NIEPEHOCa KHHETUYECKOH SHEPTUu
TypOyJICHTHOCTH U €€ JMCCUIALUK B paMKax k—& MoO-
JIenl TypOyJIEeHTHOCTH.

Iporpammusiit  xomreke Solid Works Flow
Simulation TO3BOJSIET BBINOIHATH YNCICHHOE MOJIE-
JMPOBaHNE BHYTPEHHHUX M BHEIIHUX OOTEKAHUH KHA-
KOCTSIMH WJTH I'a3aMU C IOCTATOYHON TOYHOCTBIO.

Pemenue 3a1a4 TepMOyNnpyrocTu
B TPEeXMeEPHOIi NOCTAHOBKE

CucremMa BEHTWISIIIMMA BCEH KOHCTPYKLHHU THII-
poreneparopa MomHocTbio 60 MBT 30HTHYHOTO THIA
MOXET 3aHHMATh GONBLION 00beM (Goxee 50 M°) mpu
HaJIMYMU B HEH MaJIeHbKHX (JI0 5 MM) W KpyrHOTrada-
putHBIX (10 5 M) metanei. COBOKYITHOCTh IMPEICTAB-
JIEHHBIX (DAKTOPOB TIPUBOAUT K HEOOXOJIUMOCTH
YIPOIICHHS PEUICHNS TIOCTABICHHO 3a/1auH.

Onpenencare TpeOyeMbIX MOIIHOCTEH HarHeTa-
TEJILHOTO JJIEMEHTa CHCTEMbI BEHTWJISIIUU OCYIIECTB-
JsieTcs 1o cieayoniel popmyie:

p-_HO
1000m

Kputepuem cxoauMocTi pacdera SIBISTIOTCS MH-
HUMAaJbHBIE TOTEpU Ha BEHTHWIAIMIO IPH oOecriede-
HUHM TOTPEOHOTO UIS OXJIAKICHMS MAIIWHBI pacxoja
OXJIAXMAIOMIEH Cpenbl W CTENeHb PAaBHOMEPHOCTH
TEMIEPATYPHBIX TMOJECH «aKTUBHBIX YacTel» reHepa-
TOpAa.

K OCHOBHBIM OCOOCHHOCTSM pPa0OTHI CIEIyeT
OTHECTH TO, YTO IUKIMYECKHE DJIEMEHTHI pOTOpa SIB-
JISIFOTCSI HaTHETaTeleM, JUIl KOTOPOTO TakXkKe JOJDKHBI
OBITH ONpe/IeIICHBI TEMIIEPATYPBL.

CyIecTBeHHBIM IUTIOCOM  SIBIISICTCSI  BO3MOJXK-
HOCTh TIPUMEHEHHUS yCIOBUH CHMMETPUU IS Y4 KOH-
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cTpykuud. [Ipy 3TOM LUKIMYECKUM SIBJISETCS pacio-
JIO)KEHHE BCEX DJIEMEHTOB, BKIIIOYAsl BO3IYXOOXJIAIH-
TEJH.

B uccnenyemoill 3amade cucreMa OXJaKICHMS
THIPOTeHEpaTOpa — HarHeTaTelbHas, BO3AYIIHO-
BOJISIHAS C 3aMKHYTBIM IIMKJIOM LOUPKYJIAIHAN BO3IyXa
yepe3 «aKTUBHBIC» M KOHCTPYKTHBHBIC YaCTH MAIIH-
HBl. HarHeranme ocymecTBisieTcs poTopoM, B oboxe
KOTOPOT'O BBITIOJIHEHBI PaJiajibHble BEHTHIISILIMOHHBIC
KaHaJIbl.

Bxon Bo3myxa B OKHa 3B€3/lbl pOTOpa M B BEPX-
HHUM BEHTHISITOP OCYIIECTBISIETCS CBEPXY U3 BEpXHE-
ro BO3IYyXOBOJa, M3 HIXHErO BO3AYXOBOJAa BO3AYyX
MOJIaeTCsS B OKHA 3BE3[bl M HIDKHHUHA BeHTWIATOp. U3
3Be3/bI pOoTOpa TMOJ JeiicTBHEM H30BITOYHOTO JaBJic-
HUS, CO3[aBaEMOT0 POTOPOM, BO3IYX IMPOXOAUT MO
KaHaJaM B 000J€ pOTOpa, B MEKAYIOIIOCHOM IIPO-
CTpaHCTBE, B BO3AYIIHOM 3a30pe, [0 BEHTKAaHATaM B
CepICYHIKE CTaTOpa U cOOMpaeTcs B KaMepax KOpIy-
ca craropa. [locie BEHTWJIATOPOB BO3AYyX HalpaBiisi-
eTcs depe3 KaMepbl JOOOBBIX COCTUHEHUI M KaHaJbI
HOKUMHBIX TPEOCHOK, Yepe3 IIelb MEXAy «aKTHB-
HOW» CTalbI0 CTaToOpa M KOPIIyCOM, a TaKXKe OTBep-
CTHSl BO BHYTPEHHHUX IIOJIKAX KOpPIyca W TMOMaJaeT B
KaMepbl KOpITyca CTaTopa, I/ie OH COSTUHSACTCS C BO3-
JyXOM, TIPOLICANIMM «aKTHBHYIO» CTajb cTaropa u
HampaBisieTcs B 12 BO3IyX0OXJaguTellel, pacroio-
JKEHHBIX 10 NIEpUMETPY KOpITyca IeHepaTopa, B KOTO-
PBIX TIPOMCXOAMT OTOOP TEIIa, IPeoOpPa3oOBaHHOTIO U3
MOTEePh 3JIEKTPOMATHUTHOW U MEXaHMUYECKOH YHEPTHUH.
ITocne Bo3myxooxmamuTeneidl BO3MyX NOAAETCS IO
BEpPXHEMY M HIDKHEMY BO3IYXOBOJAaM Ha BXOJ B 3BE€3-
Iy poTopa M BEHTWIATOpPHL. Bo m3bexxanwe 3HAYH-
TENBHBIX TIEPETeKaHUM BO3IyXa IO 3a30paM MEXIY
HETOJBIDKHBIMU W BPAIIAONIAMHUCS YacTAMHU THAPO-
TeHepaTopa MpeaycMaTpUBACTCs YCTaHOBKA BO3IIYyXO-
pa3fenuTeNbHBIX IUTOB.

Oxnaxnaromeil cpemoil ruaporeHepaTopa Ciy-
JKHUT BO3JYX IPU HOPMAaJIbHOM aTtMoc(epHOM IaBie-
HUU U TEMIIEpaTypor Ty, = 40 °C.

Jlst obecnieuennst pabOTHI CHCTEMBI BEHTHIISAIIAN
Ha 000Je poTOpa CIPOEKTHPOBAHBI HAPABIIIOIINE
KaHaie! (JionaTku) (cM. puc. 1).

AHaIUTUYECKUN pACUYET HarHeTarejeil BBIIOJI-
HEH 110 3aBOACKON METOIUKE, HCHOJb3YIOIHUE OCHOB-
Hble ypaBHEHHs I'a30BO MeXxaHHMKU. Pe3ynbTaThl pac-
Yyera B BHJE HANOPHBIX XapaKTEPHCTHK BEHTHIISITOpPA
Y CUCTEMBI IIPHUBECHBI Ha puC. 2.

Paboune xapaKTepUCTUKN BEHTHIISITOPA CBEICHBI
B TaOmmiry 1.

Jns mpocTpaHCTBEHHOTO MOJETHPOBAHUS TEUe-
HUS OXJIAXKIAIOMIETO BO3AyXa B THAPOTCHEPAaTOpe
MOIIHOCTbI0 60 MBT 30HTHYHOrO THHIA B MPOrpamMm-
HOM KoMmIutekce SolidWorks Obplma TmocTpoeHa ero
TpexMepHasi MOJeINb (CM. puC. 3), YIUTHIBAIOIIAS TE0-
METpUYECKHe O0COOEHHOCTH CTEp>KHEH OOMOTKH CTa-
TOpa U KOHCTPYKIMH BEHTHJISLMOHHBIX KaHAJIOB CTa-
TOpa M pOTOpa.

OCh BpallcHHUA |

—

35
Puc. 1 — Dckus npoduis Jomarku

P Ila

HanopHaﬂ XapaKTepucTAKa CUCTeMbl

400

/0
300 ///

00 /AHanopHaa XapakTepucTika BeHTURsITOpa

A

100
-
4

0
35 0 45 50 55
Puc. 2 — HanopHble XapakTepuUCTHKU

BCHTHUJIATOPA U CUCTEMBI

Q, mlc

Tabnmma 1 — Paboune XapakTepHCTHKH BEHTHIIATOpA

0, M/c 38 40 45 50 60
P, Tla 75 130 | 240 | 340 | 470
n, % 05 | 054 | 0,67 | 07 | 0,75

N,xBr | 632 | 656 | 73.6 | 81,6 | 968

Tab6ymma 2 — CpaBHEHHE pe3yJbTaTOB pacuera

MeTtox P,1a| Q, M/c N, kBt

AHaTUTHYECKHI 240 45 73

SolidWorks Flow Simulation | 240 45 75

HcxomupIMu JaHHBIMH TSI pacdeTra CIy)KaT: HO-
MUHAJbHASs YacToTa BpamieHwss — n = 62,5 06/MuH;
TeMreparypa — 1, =40 °C; HauanbHOE JaBJiCHHUE B
CHCTEME Py = 101325 Ta; ruapaBiawyueckoe co-
IpOTHUBJICHHUE Bo3ayxooxuaauteneit — 250 Ila.

Pe3ynbraThl BEHTHIIIMOHHBIX PAaCcYeTOB B BHJE
pacnpeielieHui JaBlIeHU U CKOPOCTEH OXJsa)kaaro-
IIET0 BO3/yXa IO KaHajaM pOTopa M CTaTopa MpHBE-
JIeHBl Ha puc. 4-7.

CornoctaBiieHue pe3yJbTaTOB PacueTOB, BBITION-
HEHHBIX AQHAIUTHYECKAM IIyTeM © C TOMOIIBIO
SolidWorks Flow Simulation, npeacraBieHo B Ta0m. 2.

IIpoBeneHHBIE pacdeTHl MOKA3alH, YTO PACXO.
BO3yXa cocTaBisieT 45 M°/C TIPH CTATHYECKOM JaBIIc-
Hun 240 ITa.

Temneparypa «akTUBHBIX YacTel» HE NPEBBICU-
Ja npejena aomyctuMsix 3HaueHui mo 'OCT 5615-89
JUTS KJTacca M30JSIHUK F, COTJIACHO 3JICKTPOMAarHUTHO-
rO pacyera, Ipu TemIeparype Bo3ayxa Ty.,, =40 °C.
(cm. Tabm. 3).
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Pacyemqas oo/acime
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%,

Aunzmmieckoe azenekme [Pa KapTiHa b ceMeHny 1 3anmeka
poTap flaEneHue: anHeKa
poTop Q3aeneHHe; 3anuera potop Aagnenwe (1) 3anueka

Puc. 4 — Pacipenenenne TUHAMHUYECKOTO JaBICHUS Puc. 5 — Pacnipenenenve 1MHaMHU4ECKOT0 JABIEHUS
TI0 KaHaJlaM poTopa TI0 KaHaJlaM cTaTopa

B danomn 5.000
7.429

35.556 b asT
311 Lo

26 BET 5143

4571

e 2000
17778 2
13333 2266

1.714

¥ 5890 1143 ¥

4444 ol I
0 CKOpocTh [mis]
« pocs [mis] -

CropoeTe [mis]
REETEHE] KapTuHa & cedennm 1: sanveka

K 1 pOTOR JEBNeHHe; 2anHexa
ARG SO M e MRS poTop Aaenexue (1) 3ankeka

poTop [JaBNeHne: 3aMMeKa
G o] - E=

Puc. 6 — Pacnipenenenue ckopocTu Puc. 7 — Pacnpenenenue ckopoctu
TI0 KaHaJIaM poTopa TI0 KaHaJIaM CTaTopa

Bepuduxanus obmeit Momeny BeHTWISIIKAN Ipo- 2,67 % OTHOCHTEIBHO MOTPEOIIeMOi MOIIHOCTH Ha
BOJMJIACH ITyTEM CPaBHCHHs MOIIHOCTEH, MOTPeOsie-  BEHTWIALMUIO THIPOreHEpaTopa 30HTHYHOIO THIA HA
MBIX HAOPHBIMU 3JICMEHTAMH Ha BaJly THAPOTCHEpPa-  POTOpE THapoarperara.

Topa, noxy4eHHbIX MeTogoM CAE ¢ aHamuTHYeCKUMHU
MeTojamMu. PacueTHas IOTPEHIHOCTh  COCTaBMIIA

Bicnuk Hayionanvnoeo mexniunozco ynisepcumemy «XI11». Cepia: Enepeemuuni
ma meniomexniyHi npoyecu u ycmamxyeants, Ne 3(1328) 2019 45



ISSN 2078-774X (print)

Tabnuna 3 — Pe3ynpTaThl BEeHTHIIIIMOHHOTO pacyera

ITapameTpsl Bennuuna
MakcumanbHasi TeMmIepaTypa IOJIIOCOB 70
potopa, °C
MaxkcumanbHass —TeMIeparypa OOMOTKHU 9%
potopa, °C
MakcumanbHasi Temreparypa OOMOTKH 74
cratopa (J1000Bas JacTh H.), °C
MakcumanbHasi Temmeparypa OOMOTKH 77
cratopa (rmaszoBas 9actp), °C
MakcumanbHasi Temreparypa OOMOTKH 30
cratopa (J0060Bast yacTh B.),°C
Cpennsisi TeMriepatypa oOMOTKH CTaTopa, 76
°C
MakcumanbHasi Temreparypa CTajld CTa- 30
Topa (3yoen), °C
MaxkcumanbHas TeMIepaTypa CTald CTa- 7
Topa (crimuka), °C
MaxkcumanbHas TeMIepaTypa HaKUMHBIX 95
rpedeHok (Bepx), °C
MaxkcumanbHas TeMIepaTypa HaKHMHBIX 100
rpedenok (Hu3), °C

BriBoabl

B TpexMepHOil mOCTaHOBKE BBIMIOJIHEH TEIIO-
BEHTHJBIIIMOHHBIA pacdeT THIPOreHepaTopa MOIIHO-
ctpio 60 MBT 30HTHYHOrO TMma. CucreMa BEHTHIIS-
Uy o0ecreunBaeT HOPMAILHYIO PabOTy JJIEKTpUde-
CKOHM MAaIIMHbI IS TPOJOJHKUTEILHOTO peXuMa pado-
TBI.

[IpoBeneHHBIC pacyeThl MOKA3aIM, YTO PACXO]T
BO3/yXa coCcTaBiseT 45 M/c NP CTATHYCCKOM JIaBJie-
Huu 240 ITa. Tlorepu Ha BEHTWISALHUIO COCTABHIIU
100 xBT.

[Monmy4yeHHbIE pe3yNbTaThl MOATBEPAWIH, YTO
TeMIlepaTypa «aKTUBHBIX 4YacTeil» He TMpeBbICHIIA

npenena gomnycTuMbix 3HadeHuit mo 'OCT 5615-89
TS KJlacca u3oisinuu F. BriepBele, Ui UCClieIOBaHUS
TEIUIOBOIO COCTOSIHHSI TMIPOreHEpaTopa MCIIOJIb30Ba-
JIICh TPAHWYHBIC YCJIOBHS TPETHETO POJa, MOTydYCH-
HbIe MeTosioM pacueta CAE nmis Bcex y3jioB THIpore-
HepaTopa.
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