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Puc. 1. Mopeas pabouero koaeca
KOMIIPeCCOPHO¥ CTyIeHn TypOoreHeparopa
Fig. 1. Model of turbogenerator
compressor stage impeller

Puc. 3. CeTka pacueTHOM 0o0AacTH
Fig. 3. Grid of a computation domain

TIOBEPXHOCTHU KOMIIPECCOPHOTO KOAeca IIPU BpallleHuH,
T.K. OHO CO3A@eT MOMEHT COIPOTHUBAEHUSI.

B kauecTBe mcCcAepyeMOro OOBbeKTa IIPUHUMAET-
cs 1leHTpoOeskHass KOMIIPeCCOpHAasl CTyIleHb, pabouee
KOAECO KOTOPOM MMeeT ABa THIIA AOIATOK (puc. 1).
Vcxoast U3 pacIoAOKeHUsT AONATOK, paspeAuM pabo-
Jee KOAECO Ha HECKOABKO OAMHAKOBBIX CEKTOpOB. [1o-
3TOMY PACYeTHOU OOAACTBIO MaTeMaTAYEeCKOM MOAEAU
SBASIETCSI CEKTODP Ta30BOM OOAACTH, PAaCIOAOKEHHBIN
B ME’KAOIIATOYHOM IIPOCTPAHCTBE AONATOK OAHOTO
TUMNa (puc. 2).

TToBepxHOCTU BXOAa S1, BEIXOAA M3 KOAeca S2 U To-
BEPXHOCTH Hap AomaTkamMu S10 IBASIOTCS CBOOOAHBIMY,
IIOCKOABKY AOIIYCKAIOT MaccooOMeH B OOOMX Halpas-
reHuax. [loBepxnoctu S3 u S4 3aMBIKAIOTCSH, TAaKUM
0o6pa3oM, 3HaUeHUs [1apaMeTPOB B Y3AaX CETKH [TOBEPX-
HOCTH S4 IepepaloTCd B y3ABl CETKU IIOBEpXHOCTH S3,
TaK KaK SBASIIOTCSI TPAHUIIAMU ITOBTOPSIOMIMXCS CEKTO-
poB. IToBepxHOCcTH S5, S6 (IIOBEPXHOCTU AOMATOK), S7,
S8 (BepxHHeE KPOMKM AONATOK), S9 (cTeHKa 00BOpa) —
IIOBEPXHOCTU-CTEHKY, MWCKAIOYAIOIIMe MacCOOOMEH.
CAepyeT OTMETUTB, UYTO ITOBepXHOCTEL S10 Ha BEICOTY h
BBIIIIe TIOBepxHOCTeM S7 u S8 (9KBUAMCTAHTHA). ODTO
TpeOoBaHMe OTpa’kaeT TOT (haKT, YTO pabouas cpepa
UMeeT IOBBIINIEHHOE AABAEHUE IIPH CXOAE C AOMATKH,
a TIpU yAQAEHUM OT AOMNATKA OHO OYAEeT CTPEeMUTHCS
K aTMoc(epHOMY.

AomyIieHUaMU OIKUChIBAEMOU MaTeMaTH4eCKOM MO-
AEAV SIBASIOTCS: ra3 CYMTAETCs WAEAAbHBIM, paboyee
KoAecO paboTaeT B CTallMOHAPHOM pe’KUMe, PeKUM

Puc. 2. PacyeTHast 06AaCTh
KOMIIPECCOPHO¥ CTYIeHH TypOoreneparopa
Fig. 2. Model of compressor stage
computational domain of turbogenerator

Puc. 4. PacripepeneHne AaBAeHni (a) u ckopocreii (6)
B CPEAHEM CeYeHUH PacyeTHOM 00AacTH,
SKBUAUCTAHTHOM INOBEPXHOCTH OCHOBAHHUS AONATOK
Fig. 4. Distribution of pressures and velocities
in midsection of computation domain

TedeHMsA ra3a — TypOYAeHTHBIA. AAI MOAEAMPOBA-
HUS TypOYAEHTHOTO pe’kKMMa TedeHUsl IIPUMEeHSeTCs
MoAeAb TypOyaeHTHOCTH MeHTepa (SST), HOCKOABKY
AAST OTIMCAHMSA IIPOILLeCCOB AQHHBIX IIPOTOYHBIX YacTel
OHa siBAdeTcsI HauboAee 4acTO HCIOAb3yeMOU U 3d-
(hPEeKTUBHOM.

[TprBepeM OCHOBHBIE YPaBHEHUS AAST OTIMCAHUS Ma-
TeMaTUIECKOM MOAEAU:

YpaBHeHUe ABU>KeHUd rasza Hasbe — CTOKCa € yue-
TOM CJKUMaeMOCTH CpeAb! [6]:

ww)

L&, & .
rae W R'u U') — TeH30p BI3KUX HaNPSKeHUH,

L — AMHAMMWYecKasl BSI3KOCTb CpPeAbl, !| — MAOTHOCTH

CpeABl, p — AABAGHUE CPEAHI, g — BEKTOP YCKOPEHUs

CBOOOAHOTO TTAAEHUsI, U — CKOPOCTh pabouel CpPeABl.
YpaBHeHMEe Hepa3pbIBHOCTU MTOTOKA pPabodeil CpeAbl:

0 +=0.
Ypasuenne Khaiintepona —MeHpeAeeBa:

P
RT

YpaBHEHUsT MOAEAM TypOYAEHTHOCTH MeHTepa
(SST) mpeacTaBAeHEL B [7].
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Puc. 5. 3aBMCMMOCTH NOTEPH MOLIHOCTH B BO3AYUIHOM cpeae N,
OT YaCTOTHI BpallleHHust poTopa n
Fig. 5. Power loss (N,) — rotary speed (n) curve

Tab6auna 1. 3aBUCUMOCTH MOMEHTa CONTPOTUBAEHUS

(AAST pacueTHOM 00AACTH U paboyero Koaeca)

¥ MOIIJHOCTY IOTEPH OT YaCTOTHI BPaIeHUs

Table 1. Dependence of resistance moment and power loss

on the rotation speed (for the computational area and the impeller)

1, 06/MuH 1000 6000 | 10000 | 20000 | 100000
M, Hm 2,710-5 | 0002 | 0,004 | 0,016 | 075
(1 cexTop)
M, Hm 2,43-10-4| 0,018 | 0,036 | 0,144 | 675
(pab. Koaeco)

o= 27::)4“. Br | 0,025 12 38 302 | 70686

'paHnyHEBEIE YCAOBHSA MATEMATUYECKOU MOAEAU:

p(S1) = p(S2) = p(S10) = p,;
u(S5) = u(S6) = u(S7) = u(S8) = u(S9) = 0.

[ToAryuyeHHasgs cHUCTeMa ypaBHEHUU pelllaeTcss Me-
TOAOM KOHTPOABHBIX OOBEMOB. AAS 3TOTO pacueTHas
o0AacTh pa3buBaeTcs Ha PacueTHYIO CETKYy — KOHed-
HOEe YMCAO KOHTPOABHBIX 00BeMOB. CeTKa pacyeTHOU
obAacTH UMeeT IPUEMAEMYIO IO TOYHOCTH IAOTHOCTH
pa3dueHus, IpepCTaBA€HA Ha pUC. 3. DAeMeHTapHBIU
00BeM IIPEACTaBASIET COOOU TeKCadAp.

PesyabTraToOM pellleHUs CUCTEMBI ypaBHEHUM MaTe-
MaTU4eCKOM MOAEAU C Y4eTOM AONIYLIeHUU U I'PDAaHUY-
HBIX YCAOBUU ABASETCS IIOAE PACIIPEAEACHUS AABACHUU
(puc. 4) m CKOPOCTEN B KA)KAOM TOYKE PACYeTHOU CeT-
KH. HpOI/IHTeI'pI/IpoBaB BEKTOPHYIO CyMMYy rA‘,aBAeHI/II\/II
Ha IMOBEPXHOCTU AOIATOK, IOAy4aeM Pe3yAbBTUPYIOILIHe
CHABI, CO3AAIOIIie MOMEHT CONPOTUBAEHUS O Pabouyto
cpepy. [ToayueHHOe 3HaueHHEe HEOOXOAUMO YMHOJKUTH
Ha KOAUYECTBO CEKTOPOB, T.K. MOMEHT COIIPOTHUBACHUS
OBIA pacCyuTaH AASI OAHOTO CEKTOpa ra30BOU CpPEABI
BOKDPYT KOA€Ca.

OneHKa 0COGeHHOCTe YHEePronoTepb
C Y4€TOM pa3ANYHBIX
3HaYeHUI BpaleHus

PaszpaboranHasi MaTeMaTHyecKass MOAEAb IIpHUMe-
HeHa AAd pacueTa MOMEHTOB COIDOTUBAeHHs M mpu
Pa3AMYHBIX YaCTOTaX BpallleHUs N poTopa TypOOKOM-
npeccopa (taba. 1). OmpepereHBI COOTBETCTBYIOIIHE
[OTepU MOIIHOCTH N .

Aanree Ha puc. 5 TpUBOAUTCA IpadUK 3aBUCUMOCTH
TIOTepb MOIITHOCTH OT YaCTOTEI BpallleH!sI poTopa (pac-
yeTHast Touka Arst n= 100000 o6/MuH He ITOKa3aHa).

BI)IBOAI)I 1 3dKAKOYEeHHue

B paboTe npoBepeHO MaTeMaTUYECKOE MOAEANPOBA-
HHe IIpollecca TeYeHHs ra3a B paboueM KoAece OTKPEI-
TOTO THIIa KOMIIPECCOPHOMW CTyIleHU TypOoreHepaTopa
B BO3AYIIHOM Cpepe C IIeAbl0 OIIpeAeAeHUsl HOoTephb
MOIIJHOCTU IIPU PA3AUYHBIX YaCTOTaX BpAllleHUus pOTO-
pa. Anaau3s IIOAYYEHHBIX AAQHHBIX ITO3BOASIET OLEHUTH
AMHAMUKy PpOCTa IIOTePh MOIIHOCTH B KOMIIPECCOp-
HOM CTyIleHU TypOoreHeparopa NpHU HATYPHBIX UCIIBI-
TAHUAX U UCHBITAHUSAX Ha OanaHCHPOBOYHOM CTEHAE.
C [HOBBHILIEHWEM YaCTOTHI BpallleHUs IIOTepU MOIITHO-
CTU 3HAYUTEABHO YBEAWYUBAIOTCs, YTO IIPEIATCTByeT
IIPOBEACHUIO MUCIBITAHUM Ha pabO4YUX 4YuCcAax 000po-
TOB poTopa. AAsl IpoBepeHMs OaraHCUPOBKU pOTOpa
C MCCAEAOBAHHBIM PabOYMM KOAECOM KOMIIpeccopa
PEKOMEHAYIOTCS 4acToThl Bpamjenus ot 4000 o6/MuH
A0 12000 o6/MuH. DTO CBSI3aHO C TeM, UTO AAS OOAb-
IMWHCTBA I'a30AMHAMUYECKUX ITOAIIUITHUKOB CKOPOCTH
BpallleHus oOTpbiBa mopspka 3000—3500 o6/MuH,
a yacToTa BpaleHus poropa Bruire 12000 06/MUH BBI-
3bIBaeT 4Ype3MepPHO BBICOKHE IMOTepUr MOIIHOCTHU B BO3-
AYIITHOU Cpeae.
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A mathematical model for the interaction of a gas environment with the surfaces of the impeller of turbogenerator
compressor is developed. The study of the characteristic of power losses at various rotational speeds of the
rotor is provided. Recommendations for testing the impeller of turbogenerator compressor is given.
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