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Y eenuyi xomnpecopa Rotor37 3 euxopucman-
Ham modeneii mypoéynewmnocmi k-0 u SST.
IIpoeedeno ananiz npudamnocmi mooenei myp-
Oynenmnocmi 0L NPOHO3YGAHHA AEPOOUHA-
MIMHUX XapaKmepucmux KOMnpecoOpHUXx 6iHuyie

Knouoei crosa: aepoounamixa é komnpeco-
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Ipueedenvt pesyrvmamovt Mmoldeauposa-
Hus meuenus 6 eenue xomnpeccopa Rotor37 ¢
ucnoavzosanuem mooeneii mypoyienwmmocmu
k-0 u SST. Ilposeden ananus npumenumocmu
Modenell mypoyieHmHocmu 0as NPoZHOIUPO-
6anus a’pooUHAMUMECKUX XaAPAKMEPUCMUK
KOMNPeccoprvix 6eHy08

Knioueevte cnosa: aspodunamuxa 6 xom-

npeccopax, ebIMUCIUMENbHAS 2UOPOOUHAMUKA
T

The results of flow modelling in
Rotor37compressor blade row using k-0 u SST
turbulence models are presented. The analysis
of applicability of turbulence models for predic-
tion of compressor row aerodynamic character-
istics, based on modeling results, is performed

Key words: aerodynamics in compressors,
computational fluid gynargics
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1. BBenenue

KommpeccopHble anmapaTsl SBJASIOTCS OJHUM U3 HaU-
6oJiee CIOXKHBIX OODBEKTOB JIJIsi MAaTEMaTUYECKOTO MO-
AenupoBaHus. TedeHUs B KOMIIpeCcopaX MOTYT ObITh
HEYCTOWYMBBIMH, C BO3MOKHOCTBIO OTPHIBA MOTOKA, YTO
MPUBOANUT K YXYAIIEHUTO XaPAKTEPUCTUK U MOBBINIEHHOMN
BUOPAIMOHHOW Harpy3Ke Ha JIOMATOYHBINA ammapar. Mo-
NeTUPOBAHUE TAKUX TEIEHUH MPEbIABISET TTOBLIEHHbIE
TpebOBaHUS K FICIIOJIb3YEMBIM MATEMATHYECKUM METO/[AM.
Basnoii coctapIisiiolieil 4acTbo TOCTPOEHU ST MOJIEJIU Te-
YEeHUS B KOMIIPeccopax siBJsieTCst BBIOOP MeTojia pacuera
TypOyJIEHTHBIX sIBJEHIIL. B HacTOsIIIEe BpEMST IOCTYITHBIE
BBIYUCJIUTENbHBIE MOIIHOCTH HE IO3BOJSIOT MCIIOJb30-
BaTh I/ pacueTa TEUYEHU B JIOTIATOUHBIX alaparax Me-
TOJIOB IIPSIMOT0 YyncaeHHoro nurerpuposanus (DNS) nian
MozpeaupoBanusi Gonbuux Buxpeii (LES). [las takoro
po/ia 3a/1au Cero/iHs MOJYUYUJH MUPOKOe PACHPOCTpaHe-
Hue auddepeHInaspbtble By XnapaMeTpudecKue Mojiesn
TypOynenTHoil BsiskocTi. ColocTaBiieHre Pe3yJIbTaTOB
npuMeHeHus: HauboJsiee nonyasipubix Mozeueit k-@ u SST
IJIsT MITPOKO M3BECTHBIX TEUECHUI B KOMIIPECCOPHBIX pe-
HIeTKaX ¥ BEHI[AX U SIBJISIETCS EJIbI0 PAOOTHL.

2. MaTtemaTuvecKkasi MOJieJib

TpexmepHoe HecTallMOHAPHOE TPAHC3BYKOBOE Teye-
HUEe BSI3KOT0 Ta3a OMUCHIBAETCS MOJHOW CUCTEMON ypaB-
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nenuit Haswve-Crokca, ocpegnennoit mo Peitnonsacy [1].
Cucrema ypaBHEHUI IOIOJHSETCS ypaBHEHHEM COCTO-

SHMS COBEPIIEHHOIO Ta3a £=—E, rae Y — nokasareJsib
ajauabarhbl. v-1p

JlJ1st KOPPEKTHOTO pellleHus] YPaBHEHU I 3a/[auu HeOO-
XOJIUMO OIIpe/ieJIeHNe TPAaHUYHBIX yCJ0BUH. ['panmdynbie
yCJIOBUS BBIOPAHBI caeayonuM obpasom [1]: Ha BXoAHOI
rpanuie: pg, Ty, nuBapuantel Pumana, skctpanoaupo-
BaHHbIC W3 PACYETHOW OGJACTH, BEKTOP HATPABJICHUS
CKOPOCTHU; Ha BBIXOJE: Pe, IKCTPATOJSAINNS MHBAPUAHTA
Pumana, agunabatuueckoe cootHouienue. Ha Henponuia-
MOI rpaHUIe CTABATCS YCJIOBUE IIPUJAUTIAHUS U YCJIOBUE
OTCYTCTBUS TENJOBOIO IOTOKA.

[l uaTerpupoBanms ypaBHEHUH UCIIOIB3YeTCS MIH-
pOKO m3BecTHasi MoauduupoBanuas cxema lonyHoBa-
Koxrana, matomee pernrerne JOKaJbHO BTOPOTO MOPSIKA
TOYHOCTH.

3. Moaenu TypOyJIeHTHOCTH

IIpu pacuere TypOyJEHTHBIX TE€YEHU N JIJI51 3AMBIKAHUSI
ocpeaHeHHBIX N0 Peftnonbacy ypasaennilt HaBbe-Crokca
[PY UCIIOJIb30BAHUU IUIIOTE3bI ByccuHecka HEOOXOAUMO
onpezenerne KosdbuiueHta TypOyNIeHTHON BI3KOCTH
Ur ¥ KuHeTHdYecKoil smeprum TypOysientnoctu k. [list
peleHns 9Tol 3ajaun B HACTOAIIeH paboTe NCIOAb3yeTCsa
IBe IByXITapaMmerpudeckue rudepeHnaibable MOLENN



TypOyJeHTHOCTH: MOjieJb YUJIKokca k- [2] u momenb
Mentepa SST [3].

Mogenp k-® onucbiBaeTcs CIeAyIONMME ypPaBHEHU-
AMU:

B B ok .
af(pk)+f(pkui —(ut+o ) ——)=T-Bpok, (1)
t ox, ox,

(O]

k IT-Bpo?

0 0 oM
a(P@)+a*Xi(P‘Dui —(u +G‘”HT)8T<1) %

rae o = 1/2, 6o = 1/2, B* = 9/100, B = 3/40, 0. = 5/9.

Monens Mentepa SST ommuceiBaetcst ciefiyionuMn
YPaBHEHUSAMMU:

) . d ok
—(pk)=11-pB pok ——(pku, - )— 2
Bt(p ) Bp ox, (pku; (H+Gku1)ax‘) 2

) Y , 0
—(pw)=—I1-Bp0” ——(pou, —
5 (P v Bp ox, (pou,
00 1 dk Jo
—-(u+o —)+2(1-F)po,———
(n qu)aXi) ( PO, o an axj
B ypasnennax (1,2): uszg, M=1;S,. [Mapame-
Tpbl Mojesan (@) B ypaBHEHUAX (2) BBIYUCIAAIOTCS KaK
o=F¢ +(1-E)o,.
3HaYeHWST TOCTOSHHBIX C HHIEKCOM | COOTBETCTBYIOT
Mozenn k- (1): oy = 0.85, 61 = 0.5, B~ = 0.09, By = 0.0750,
a;=0.31,x=041, v,=B, /B —o,k> /B :
3HaYeHU S MMOCTOSHHBIX C UHIEKCOM 2 ABJSIOTCS MO-
InGUIIPOBAHHBIMU 3HAUEHUSMH TTOCTOSHHBIX MOJEIN
k—¢e[2]:
Gk2 = 1.0, 64 = 0.856, B = 0.09, By = 0.0828, « = 0.41,
Y. =B, /B*_szKz/ﬁ;
— a1k .
" max(a,w;QF,)’
Q — abCcoII0THOE 3HAYEHNE 3aBUXPEHHOCTH;
F,=tanh(arg}); F,=tanh(argl);
Jk 500v) 4po,,k
0.090y” y’o | CD, vy’

y — paccrosinue 0 OJiKaiieil mOBepXHOCTH;

\Y

arg, =min| max

)

CD,, =max 2pc¥wzi%a—m;10’20 ;
© 0%, 09X,
Jk o 500v
arg, =max| 2———;—
0.090y y'®

[l obenx mopesieii TypOyJEHTHOCTH CTABIATCS CJie-
IyIOTMe IPAHUYHbIE YCIOBUSI: U
Ha BXOIE B pacuyeTHyK o006JacTh: m:(i..10)T"°;
v, =10"*?v_; k=v,0; L — xapakTepHnblii pazmep pacuer-
Hoit o6acTi, U, — CKOPOCTH HATEKAIOIIETrO IOTOKA B
OT PeIeTKH, V., — BSIBKOCTb HATEKAIOIIEro TMOTOKA BIATH
OT PENIeTKH;
6v
By
Wnurerpuposanne ypasuenuii (1, 2) BeimosHsgeTCS 10
cxeme, anajoruunoii cxeme loxynosa-Kosrana ¢ tem xe
TOPSAKOM TOYHOCTH [1].

Ha HEIIPOHMIIaeMbIX rpaHunax: ®=10——-;.

4. Pe3yibTaThl YMCJIEHHOTO MOJIETUPOBAHHS

B pamkax gaHHOI paGoOThI IPOBEAEHO YNUCAECHHOE HC-
cJIeJIOBaHME TEUYEHUS B IMPOKO U3BECTHOM KOMIIPECCOp-
HOM BeHIIe, 10 KOTOPOMY UMEIOTCS JAHHbIE IKCIIEPUMEH-
TAJbHBIX MCCJEJAOBAHUI, & UMEHHO JIOTIATOYHBIN BEHEI]
xommpeccopa NASA Rotor37 [4]. Aas kaxkporo ciaydas
ObLIIO IPOBENEHO MOJIEJIUPOBAHME C UCIOJIb30BAHIEM MO-
nenu TypOynenTHocTn k-0 n SST, a Takke MozeanpoBa-
HUe TeYeHus N/1eaTbHOr0 Ta3a.

Crynenp Komipeccopa Rotor37 ssasercs naubosee
MO YJISIPHBIM 0ObEKTOM aIIPOGAIIMI MATEMATUYECKUX MO-
Jiesieil TpeXMEepHOro TedeHus Bs3Koro rasa [5-8]. B pan-
HOll pabore pabouee Kosieco crynenu Rotor37 Gbliao uc-
MOJIB30BAHO JIJIST ONPe/leJIeHUs 3aBUCUMOCTHU IPAHUYHBIX
napaMeTpoB, pasMepOB PacuyeTHOH 06JacTu U yCTOWYH-
BOCTH T10Jry4yaeMoro pemterusi. [lJist pacuyeTHbIX obacTeil
C TpeMs Pas3JMYHBIMU PACCTOSHUSMU MEXKIY BXOJIHOMN
u BbIxXonHOU rpanutiamu (2,01; 2,51; 3,07, 3aech T — miar
peIeTKN) OIPeNessiioch MaKCUMAJbHOE AaBjeHune Ha
BBIXOJIC U3 PACYETHOIT 00I1aCTH Py, IPU KOTOPOM pEIICHIE
0CTaBaJIOCh yCTOuMBBIM. BapuauTsl pacueTHoii obaacTu
nzobpaskeno na puc. 1 a, 6, B. Ocb JTomaTku paciosaraiach
Ha PABHOM PACCTOSHUY OT BXOIHOM 1 BBIXOJTHON I'PAHUIBL.
Takoke 7151 Ka)kI0TO BapUAHTA OINPeesilINCh OCHOBHBIE
XapakTepucTuku pabouero kojeca: W — pacxoji Ha BBIXO-
e u3 pacuernoii obiactu, (P, /P,) — crenens MoBbIMIeHIs
[OJIHOTO IaBJIeHU s, YCI0BUS pabOThl BEHIIA COOTBETCTBO-
Basn 100% HoMUHAIBHOM CKOPOCTHU BpAllleHUs.

a) 6) B)
Puc. 1. BapuaHTbl pacuetHol obnactu: a — 2,0T; 6 — 2,57;
B — 3,0t

PesysbraTsl 4MCIEHHOTO MOJEJMPOBAHUS MPENCTAB-
gerbl B Tabauuax 1, 2, 3. [To npuunHe HeGOIBIION KOH-
(dbysopHOCTH pacueTHON 06JACTU 3HAYEHUS [IPEAETIBHOTO
JIABJIEHUS HA BBIXOJE P AJIS PA3JUYHBIX BADHAHTOB pac-
yeTHOI o6sacTu uMenT oranuust. J[jst Bcex Tpex Bapu-
AHTOB PaCcyeTHBIX OOJsacTeil Jydliee COOTBETCTBUE DKC-
MePUMEHTATbHBIM IAHHBIM JIA€T MaTeMATUYECKAsT MOJIEb
¢ ucnosib3zoBanue mozesu TypOysneatHoctu SST. Taxske
Mozeab TypOysenTHocT SST naeT HauMerHee yCToHYnBOE
pelieHue Mpu MPOYNX PABHBIX ycaoBusax. CTOUT Takike
OTMETHTD, YTO TIPU HEKOTOPBIX YCIOBHUSIX UCIIOJIb30BaAHNE
MOJIEJTU H/I€aJbHOIO Ta3a MO3BOJISIET TaKKe IOJYyYUTh
a/ICKBaTHDBII pesyJibTar.

Ta6bnuuya 1

Pesynbtatbl MopenvpoBaHus ctyneHu Rotor37, pacueTtHas
obnactb 2,0t

pyIla | W kr/c 7(132 /D) (P, /P), ..
Wneanvusiit raz | 148000 | 18.67107 2.119469 1.853
k- 144000 | 20.83793 | 2.046358 1.920597
SST 144000 | 20.37612 | 2.027986 | 2.160471




Ta6bnuua 2

PesynbTatbhl MofenvpoBanus cTyneHu Rotor37, pacueTtHas
obnactb 2,57

popMaj Woxr/e 1 g7y (P, /P),,,
Wneamphpiii ras | 145000 | 19.60009 | 2.10286 | 2.196936
k-o 139000 | 20.87075 | 1.928916 | 1.863572
SST 135000 | 20.81803 | 1.94378 | 1.955225
Ta6bnuua 3

PesynbtaTbl MogenMposaHua cTyneHu Rotor37, pacueTHas
obnactb 3,0t

pplla | Wokr/e | (P, /P) (P, /P,
WNneanpusiiitaz | 140000 20.47503 | 2.069767 2.148845
k-o 134000 | 20.84154 | 1.967549 | 1.914324
SST 125000 | 20.83501 | 1.848786 | 1.925684

OueHka pe3yabTaTOB IIPOU3BOJUTCS IO CTEICHU
6JIM30CTH PACYETHBIX U IKCIEPUMEHTANbHBIX 3HAYECHUIT
(P, /P)). OxcnepumentanbHaa sennunHa (P, /P) ompe-
JeJsieTcs o 3Havennio pacxozaa. Momens k-® Bo Beex cary-
YasIX JlaeT 3aHUKEHHbIE 3HAUEH VST, MUHUMAaJIbHast OnOKa

2,7% npu BapuanTte 3,0T. Mozeans SST, HanpoTus, Bo Bcex
caydvasx JlaeT 3aBbIIIEHHBIE 3HAYEHUS, MUHUMAJIbHAS
omn6xa 0,6% npu Bapuante 2,5T. OxHaKO, UCIIOJAb30BAHKE
MOJIEJIN UIeaIbHOTO Ta3a MOXKET JAaTh 6oJee yCTONINBOE
pellieHre, Py 9TOM OMKUOKa MOKET COCTaBUTH 3,8% Jist
Bapuanta 3,0t. [lo pesynbraram npoBeJCHHBIX PACYETOB
MOKHO CJ/IeJIaTh BBIBOJI, YTO Pe3yJIbTaThl, Haubouee 6Jan3-
KHe K 9KCIEePUMEHTATBHBIM, IAeT UCTIOJIb30BAHIE MOJIEIN
TypOysentHoctu SST u pacueTHoit 06gacTH, B KOTOPOii
paccTossHUe OT OCU JIOTIATKH /10 TPAHUI] BXO/Ia,/BBIX0O/IA CO-
craBysiet okoso 1,25 mara pemerku (Bapuant 2,571).

5. 3akmoyenue

IlpencraBiennuble AaHHBIE CPABHEHUS Pa3TIUIHBIX
Mojiesiell TypOYJIEHTHOCTHU TIO3BOJISIIOT C/leJiaTh BBIBOJ O
TOM, YTO UCIOJb30BaHUe Mojesu TypOysienTHocTu SST
[pU pacyeTe TeYeHUs] B KOMIPECCOPHBIX PENIeTKaxX H
BEHI[aX TMO3BOJISIET TOBBICUTH TOYHOCTD TOJYYaeMBIX
peayabratoB. C Ipyroil CTOPOHBI, CJEAYET OTMETUTDH
NOHMKEHHYIO CTa0UJIbHOCTD pelieHus: ¢ Mojgenbo SST
[0 CPABHEHUIO ¢ APYTUMU MOJEJSAMU TYypPOYJIEHTHOCTH.
Takske ctouT 06paTUTh BHUMaHUE, YTO HEKOTOPbIE STBJIE-
HUS B KOMIIPECCOPHBIX BEHIIaX TPEOYIOT UCIOIb30BAHMS
6oJiee COBEPIIEHHBIX METOJOB MOJAEJTUPOBAHUS TYPOY-
JIEHTHOCTH.
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