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BJIMSTHUE YTJIA BBIXOJIA TIOTOKA U3 COIIIOBOM PEHIETKH
U PEXKUMA PABOTHI TYPBUHBI HA IIOTEPH OT YTEUKH YEPE3
PAJIMAJIBHBIN 3A30P

[IpuBeneHs! pe3ysnbTaThl HKCIIEPUMEHTAIBHOTO HCCIESIOBAHUS BIMAHHUSA BEINYUHBI Nepu(epuifHON yTeuku Ha
9KOHOMHYHOCTh MaJIOPa3MEPHBIX OCEBBIX TYpOWH, KOTOPbIE OTIMYAIOTCSA YIJIOM BBIXOZA MOTOKA M3 COIUIOBBIX
pEIIeTOK. YCTAaHOBICHO BIIMSIHME W3MEHEHHs BEJIMYHMHBI PAaJUallbHOTO 3a30pa Ha COCTaBIAIOIIUE IMOTEPh B
CTYIICHHM, a TaK)Ke Ha OTHOCHTEIbHbIM BHYTpEeHHHH M «3aTopMoxeHHbIH» KIIJ[ B mmupoxoMm nmama3oHe yTriioB
aTaku pabouero xojeca.

HaBeneni pe3ynbTaTé eKCHEPHUMEHTAIBHOTO JIOCTI/DKEHHS BIUIMBY BEJIMYMHM NepUdepiiHOi BUTOKM Ha
€KOHOMIYHICTh MaJIOPO3MIPHHX OCHOBHX TYypOiH, SIKi BiPI3HAIOTBCS KyTOM BHUXOIY IIOTOKY 3 COIUIOBHX
pemiTok. BcTaHOBIEHO BIUIMB 3MiHU BETMYMHH PalialbHOTO 33a30py Ha CKIIAZOBI BTPAT B CTYICHI, a TAKOX Ha
BiTHOCHMIA BHYTpiIIHi# Ta «3aramsmoBanuiny KK/ y mupokoMy niama3oHi KyTiB aTaku poO0Y0ro Kojeca.

Results of an experimental research of influence of size of peripheral clearance leakage on efficiency small axial
turbines, which differ by the exit angle of flow from nozzle blades are resulted. The influence of change size
radial clearance on components of losses turbine stage and also on relative internal and «braked» efficiency in a
wide range of angles of attack of the rotor blade is defined.

Beeoenue

Manopa3mepubsie TypOMHBI TpaHcmopTHbix ['TY, pabotaromiye npu BBICOKHX
TeMIepaType ra3a M 4YacToTe€ BpPALICHHUS pPOTOpA, BBINOJIHAIOTCSA, Kak IPaBWIO, C
HeoOaHgaKkeHHBIM pabounM kojecoMm (PK), uro sBusercs BmoigHe OOOCHOBAaHHBIM NpHU
OTHOCUTEJIBHO HEOOJIBIINX paJualIbHBIX 3a30pax S=8/ln=0,01—0,03. IIo cpaBHeHuto ¢

obangaxkeHHbIMH PK oOHUM uMeoT 0Ooliee BBICOKYIO 3KOHOMHYHOCTH, MEHEE CIOXKHYIO
TEXHOJIOTHIO U3TOTOBJIICHHUS W COOPKH, OJIM3KUE K ONTHMAIBHBIM 3HAYCHUS OTHOCUTEIIEHOTO
nrara Ha OOJIbIIEH YacTH BBICOTHI pemeTku [1].

VYTeuka raza uepe3 paauaibHbid 3a30p (P3) sBiuseTcss oqHIM U3 OCHOBHBIX (DaKTOPOB,
BIUSIONMX Ha 3(G(EeKTUBHOCTh TypOuHbI. [IpakTHueckuil MHTEpeC MPEACTaBISAIOT JaHHbIE,
KOTOpbIE€ TMO3BOJISIOT KOJWYECTBEHHO OMNPENEIUTh MOTEPI0 Yepe3 paJuaibHBbIM 3a30p HaL
pabounm kosiecom TypOuHbL. Kak mnpaBuiio, SKCIEpUMEHTAIbHBIE JaHHBIE O BIMSHUU

OTHOCHUTEIILHOTO paguallbHOTO 3a3opa O Ha 3atopmoskeHHbId  KITJI n* WIA Ha
otHocuTeNbHbI BHYTpeHHUH KIIJ] Mo, 0000IIaOT M MPEACTABJISAIOT B BUJAC CICIYIOUINX
3aBUCUMOCTEHN: An = kS wim Anoi = koiS . KoaddunmenTsr k u ky; MOTYT OBITH KOHKPETHBIM
YKUCIIOM WX (PYHKIUEH, 3aBUCAIICH OT OJTHOTO MJIM HECKOJIBKHX TapaMeTPOB.

Dopmynsl no yuemy e1usaHuA nepudepuiinoil npomeyxu
®opmyna A.B. Illernsesa [2] mis mapoBBIX TYypOUH:

nD,,.0 p Hap <

rap L =k.3, 1
F l—p nmo oi ()

c cp

Anoi = I’SM
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nD_ [
e koi — l,SM Hap' 11 puap o
c 1- cp

B dopmyie (2), koTopas 1o cTpykType aHanoruyna (1), COMHOKHTENb /P, / (I1-=p)
3aMEHEH Ha (pcp + I,SOIH/DCPH) [3].

-D —
Anoi = I’SM . Fﬂ,aps (pcp +178 .ln/Dcpn )noio = koi8 ° (2)

C

B o0eux ¢popmynax ko3 dunmeHT pacxoaa (L moroka yreuku npuaumarot 0,5.
®opmyina Craig u Cox [4] 15 ra3oBbIX TypOUH

® TEDHa 8 * e
AN’ =1,5F, 2 e _4F 3)
Fn
TCDHapZn *
rue k=15F, 7 M-

a

Kosdduument Fj BeluucCIseTcs MO MapaMeTpaM Ha NepUPepud CTYHNEHH: Puap —
CTENEHH DPEAKTUBHOCTH; Wy — Kod(houimenty ckopoctu; A=A/l, — OTHOCUTENLHOM
nepekpsiie. Omnpenenenue kodpdunueHta F; B HEKOTOPHIX CIy4asX YCIOXHSAET ee
ucnoip3oBanue. Crneayer 3aMeTUTh, YTO MEPEKPhIy A HEOOXOIUMO yUUTHIBATh TOJIBKO MPHU
MaJIOM OCEBOM 3a30p€ MEXAy COIUIOBOW M paboueil perieTkamu, a Ipu ee BbhIOOpe MMETh
BBHJLY, YTO €CTh ONTHMAIbHOE COOTHOIICHHE MeXay A u & [5].

B ¢dopmynax (1)~(3) m pgpyrux aBTOopoB [6] 3aBUCUMOCTH An, U An* oT
OTHOCHTEJIBHOTO 3a30pa O MPUHSATHI IMHEHHBIMH.

[Io JaHHBIM psAga  aBTOPOB
0.85 JUHEWHOCTH ~ MOXKET  HApYIIATHCH.

n _ Hanpumep [7], o JTaHHBIM
o WCTIBITAHUI CTyIICHEHN c

OTpHUIIATENFHON Mepekpsiiieii (puc. 1)

i
!\5\

B ' T KodpuuueHT k, TOBBIIACTCS B ~2
\ 6 pasza (ot 2,1 no 4) mpu CHUXXEHUHU
‘_/\x... OTHOCUTETHHOTO 3a30pa O ot 0,044 no
075 0,014. B mapoBeix TypOuMHAX ¢
0 1 2 3 S, MM  HeoOaHJaKEHHBIMH KOPOTKUMH
) a) JOTIATKAMH  BIUSHUE yPOBHA O Ha
] %fh motepu OT yTeukH (AN, Ane)
. A N KayeCTBEHHO HMHOE U YUYUTHIBAETCA
] nokaszarteneM crenesd 1,4 mpu & B
L__ dopmyne Andergub [8] u 1,2 mpu & B
6) B) dopmyiie B.K. I'pedneBa [9].

3 aHaJIM3a HCTOYHHMKOB

Puc. 1. Bmusnue P3 na KIII n,; mpu u/cy = 0,55, I; = 80 mMm: uHpopmanuu  mo  BiusHUIO  P3
a — 3aBUCHMOCTb Mo; = f(0); 6 — OTpUUATENbHAs IEPEKPBIA;  CIIEAYET:

6 — TIOJIOXKUTEJIbHAS TIePeKphIIIa — CYIIECTBYIOMIHE dopmybI

OXBaTbIBAIOT y3KI/II>’I Auaria3oH
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peXUMOB paboOThl TYpOMHBI ONM3KUX K HOMHHaJIbHOMY. Ha 3Tux pexxumax yBenuueHue
paxualbHOTO 3a30pa OT HyJIS J0 3HAU€HHs O CONPOBOXAAETCS NMPAKTHUECKU OJMHAKOBBIM
CHIKeHUEM oTHocuTenbHOro BHyTpeHHero KIIJ[ Ha Ane u 3aropmoxennoro KII/ na An*'
[Ipu »TOM OCHOBHOE BIIMSIHHE Ha KOAI(DPHUITUEHTHI ko, K OKA3BIBAIOT: CTENEHb PEAKTHBHOCTH
Peps Prap; COOTHOIICHHE MEXIY BEIMYMHAMHU 3a30pa O M mnepudepuilHoi mepekpsim A;
yposau KII/T mpu HyJI€BOM 3a30p€ Moo, M, ; AHAMA30H, B KOTOPOM H3MEHSETCS PaJHaIbHBII

3a30p. YYeT MEepeurciIeHHbIX [apaMeTpoB IO3BOJISIET JUIS HOMMHAJIBHOIO PEXHMMa
MIPOTHO3UPOBATh AN U An* ¢ To4HOCTBIO £10 %);

— YHHUBEPCAJIbHON METOJUKHU ONpPEEIIEHUs IOTEPh OT yTeuku yepe3 P3 An, u An* 1S
HIMPOKOTO JHAIa30Ha PEKUMOB HE CYIIECTBYET, TOATOMY KOd(DPHIIMEHTHI ky;, k B hopMytax
pa3IMYHBIX aBTOPOB MOTYT OTJIMYAThCS Ha MOPAZOK U HaXoJaTcs B Auana3zone ot 0,5 1o 5.

Huxe npencraBieHbl pe3ynbTaThl SKCIEPUMEHTAIBHBIX HCCIEJOBAHUM aBTOPOB
CTaTbl O BIMAHUM nepudepuiHod MNpoTeykun Ha paboTy TYpOMHHOM CTyneHu ¢
HeoOaHnaxxeHHBIM PK B mmpokom nmama3oHe peXMMOB ee padoThl. DKCIEPHUMEHTAIbHBIC
JaHHBIE CPAaBHUBAIIUCH C pacueToM 1o ¢popmynam (1)—(3).

Xapakmepucmuku cmyneneii u ycjioeus npoeedeHus IKCnepumenma

DKCNepUMEHTAIBHO HUCCIIEJOBAJIUCh TPU TYPOMHHBIE CTYIIEHH, Y KOTOPBIX pabouee
KOJIECO OBLJIO OJTHO U TO €, & COIUIOBBIE PELIETKH OTJINYAIUCh yriaoM o. lllTtaTHas comnoBas
pemierka umena yroa o = 19°. JIBe AONOJHUTENBHBIE COIJIOBBIE PEIIETKH HMENIN YIJIb
o =27° u 45° [10]. T'eomerpuueckue mnapamerpsl PK: BbicoTa paboueil nomatku
[, =20,73 MM, cpeauuii auametp D, = 175,08 MM, reoMeTpruecKUid yroj BXoJla Ha CpeHEM
nuametpe B = 60°, paguanbHbIi 3a30p O npuHuMain 3Hayerus 0,22 mm, 0,6 mm u 1,0 MM 3a
CYeT YyBenudeHus auamerpa koibia Haj PK. OxcnepuMmeHTanbHBIM CTEHA MO3BOJINI
BBIMIOJIHUTh BCE OCHOBHBIE DJIEMEHTHI, BKJIIOYas BXOJHOM M BBIXOJHOW YYacTKM Ta30BOH
TypOuHbI B Macmitade 1:1.

VYcnoBust 1a00paTOpHBIX MCHBITAHUM TYpOWHHOW CTyNEHH: TemiepaTypa BO3ayXa
310-370°K; cremens pacmupeHust (OTHOIICHHWE jaBieHuit) ER= P, / P, =1,6-2,0,
MakcuMaybHasi dYacToTra BpamieHuss portopa n = 8000 o6/mMuH. VYKazaHHas TeMmmeparypa
BO3/yXa U JONOJHUTEIbHBIE COIJIOBBIE PELIETKU MO3BOJWIM IIPH OTHOCUTENBHO HEBBICOKHUX
3HAYEHUSIX 7 U MEHBIIEM, YeM B HaType, mapamerpe ER MOIydyuTh HEOOXOAMMBIE KPUTEPUU
noxobust PK — My, Res,.

B HaTypHBIX YCIOBHSX TpaHC3BYKOBas TypOWHA padOTaeT ¢ HOMHHAJIBHOW YaCTOTOM
Bpamenus mnopsaaka 50000 o6/MuH, creneHplo pacmupenus ER =25 W HavyalbHOU
temriepatypoit ~1400°K. OcHOBHBIE MTapaMeTphl Ha ONITUMAIBHOM PEKUME padOThl TypOUHBI:
ulcy=0,57, P1=60° o,=87° pep=0,42, (Wzl/ccb)2 =0,49. Ha yka3aHHOM ONTHUMAaJILHOM
peXuMe pacueTHBIM ITyTeM onpeneneHsl cHukeHns KIII Ane;, A‘r]* NpY yBEITMYEHUH 3a30pa O
ot 0,22 mo 1,0 mm. ITo dbopmynam (1)—(3) momyuensr 3HaueHuss Ano; = 0,082, Ano; = 0,069,
An* = 0,066, cooTBeTCTBeHHO, a 10 Metoauke Kacker u Okapuu [6] An* =0,076.

Pesynomamut 3KcnepumMenmanbHuiX UCC1e006aHUTL

YBenunyenue 3a3opa & ot 0,22 mo 1,0 MM B Tpex UCClIeOBaHHBIX CTyneHsax (o = 19°,
27°, 45°) compoBoxnaercs cHikeHneMm aHanuupyembix KIIJI Ha AN = Noi022 —Noilo U
AN =n;,—Mj, B CICAyOWMX AuamasoHax: Ane = 0,027-0,075; An" =0,042-0,093
(puc. 2). Ha puc. 2 noka3aHsl Takxke 3HaueHHs K0O3()OUIHEHTOB ko; U k, KOTOPBIE ONpEIENIeHbI
SKCHEPUMEHTANBHO (koj = ANoi/ & = 26,6'ANgi, k= 26,6~An*) u pacyeToM 1o dopmynam (2),
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(3). B xauecTBe peXUMHOTO TapamMeTpa, 0ObEIUHSIONIETO YKCIIEPUMEHT C UCCIICTOBAHHBIMU
COILJIOBBIMU peIlIeTKaMU, BBIOpaH yrou 3; Ha cpeaneM paauyce PK.

AT]oi ko
0,1 3
2 /e
0,05 /- — e
A (OO o —— — —
1 C/' [ o - =A -
0 T T 0
20 40 60 pi,rpax 80 20 40 60 P, Tpanx 80
An* k
0,1 " 3
2
0,05 o//o O/O _ _j:
1 &= = A
o
0 T 0 T
20 40 60 Pi.Tpax 80 20 40 60  Pi.Tpax 80
o,e, A—o;=19° 27°,45°, IKCIIEPUMEHT, — — — pacuer

Puc. 2. BnusHue uaMeHeHus paauaibHoro 3asopa ot 0,22 mm 1o 1,0 mm Ha KII/I crynenn

U3 puc. 2 cnenyert, uro B cinyudae 6esygapHoro ootekanus PK 3; = 60° u 6auszkom K
90° yrie moroka o BiusHHE 3a30pa Ha oOa KIIJ[ mpakThueckw OJMHAKOBO (AnoizAn*,
koi =k, a pacxoxJeHHEe MEXIYy pacueTHbIMH U HKCIEPUMEHTAJbHBIMU 3HAYEHUSMU ko, k
cocraBnsier ~ 20% (mna crynenu ¢ o; =27°). Ha pexumax C MOJOXHUTEIbHBIMU U
OTpULIATENIbHBIMU YTJIAMU aTaKH PAaCcX0XJICHUE YBEINYNBACTCS.

B npuBeneHHBIX HUXke (OpMyJax MOTEPH OT YTEUKH BKIIOYEHBI B HHTErpalibHbIC
notepu PK u BBenens! cneayromue odo3nauenus: A, = C, 19— (022 — U3MEHEHHE POTOPHBIX
notepb, Az = Exc 1.0 — Epc 022 — UBMEHEHHE BBIXOJHBIX MOTEPh MPU YBEIMUYEHUH 3a30pa O OT
0,22 mo 1,0 mm. C yuyerom 3THX 0003HaUEHHMH MOIYYEHBI CIEAYIOIINE 3aBHCUMOCTH IS
onpeaeneHus Ano;, An*:

ANy =Moio22 —Noito = Acr(sz/Cq))z +G, (po,zz - p1,0)+ AE,., “4)

An* _n* _n* _ AC’,(W;[/C‘M{)Z + Cn(pO,ZZ _pl,O) + A(‘;Bc(l_noil,o _éBCI,O)
— Ho,22 1,0 — .
1- EJBCO,ZZ 1- chO,ZZ (1 - &sco,zz )(1 - &BCI,O)

)

B stux opmynax nepBoe ciaraemoe yuuThIBaeT u3MeHeHnue noteps B PK, Bropoe — B
COTUIOBOM peIIeTKe, TPEeTbe — MOTEPU C BBIXOJHOW CKOPOCTHIO, @ COMHOKHUTEIb (Wzt/cd))2
3aBUCHT OT MapaMeTpoB p, C,, 01, B CIeIyOmHIM 00pazomM

(VVZZ/CQ))Z:(I_p)(l_C”)Sin a‘1+p. (6)

sin” P,
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Tak kak cTeneHb peakTUBHOCTHU CTYIIEHH Ha CPEIHEM pajuyce p ci1abo 3aBHCHUT OT O,
BTOPBIM CllaraeMbIM B ypaBHEHMAX (4), (5) MOXHO mpeHeOpeub M Iocie NpeodpazoBaHUN
*
nonay4uthb popmysl (7) u (8), yes3eBatoniie namMenenne KITI Ang; u An :

An’ =(An, — Aismio) M(1=E,020) > (7)
AT]01’ = An* (1 - éBcO,22) + Aéscnr,o . (8)

BaxHo oTMeTHTB, YTO TIpH yIJIe o =~ 80° yBEeIMYEHUE pAAUATIBHOTO 3a30pa HE BIMSIET
Ha TOTEPI0 C BBIXOJHOM CKOPOCTBIO &g, TpU op < 80° — cHmXaeT ee, a mpu o, > 80° —
noBbIIaeT &, [loaromy u3 3aBucumocreii (7), (8) cinemyer:

—1pu yriIe 0oy =~ 80° AN > Angi;

— 1ipu yriie Beixoja notoka u3 PK o, = 90° umeer MecTo paBeHCTBO An* = ANoi;

— Ha PEXMMAax C OYeHb MaTbIMH YIIaMH o, m3MeHenne KITJI An’ moxeT B 1Ba pasa
npeBbIIaTh An,; (pUC. 2 CM. BapHaHT COILIOBOM peIIeTKH — o = 27°).

Cpenu MHOXECTBA MmapaMeTpoB, BIusomux Ha uzamenenne KI1 Ano;, A‘rfk OCHOBHBIM
apinsiercs ALy, 3aBUCUMOCTb KOTOPOTO OT YIJIa BX0Jla OTOKA [3; mpeAcTaBieHa Ha puc. 3.

AC,
0,16

0.12 - //O — | e

0,08 d AN
0,04
0
20 30 40 50 60 70 Bi,rpax 80

o—a;=19% e—o;=27°% A-o;=45°
Puc. 3. BrusiHue paguansHOTo 3a30pa Ha U3MCHEHUE MOTEPh B pabodeM konece AL,

U3 puc. 3 cnenyer:

— MpH yBEJIWYEHUU O MaKCUMalbHBIH pocT norepb B PK Habmromaercs Ha pexume
6e3yaapnoro ero ootexkanus (B = Bir = 60°);

—npu 31 = const pocT yria o cHuxkaeT uaMeHeHue AC,. Ilo-BunumMomMy, 3To CBSA3aHO ¢
ymenbiienneM uucna Crpyxans Shy = (u/Ws)(by/t:) B HECKONBKO pa3 M TMOBBIIMICHUEM
crerieHu TypOyleHTHOCTH ToToKa mepen PK (pesymbraT yTOMNIIEHUS BBIXOIHBIX KPOMOK
COIUIOBOM PELIETKH MpH YBETUYEHUH yTIja O U YMEHBIIEHUS IyTH MOTOKa B MEXBEHLIOBOM
3a30pe).

Jns onpenenenus BiausHUs panuansHoro 3asopa Ha KIIJ[ crynenu B anroput™m ee
pacueTa 3aJ0KE€Hbl 3KCIepUMEHTalIbHbIe 3aBUCUMOCTU AL, = f(B1), A&y =f(a2) U popmyibl
(4)—~(6). [l HOMUHAIBHOTO PEXKUMa CTYNEHH ¢ o = 19° u HaTypHBIX 3HaueHUAX ER U u/cgy
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M3MEHEHHUE 3a30pa S5 or 0,0106 mo 0,0482 naer cienyromuid pe3yabTar: Ane = 0,064,
An"=0,07, ko= 1,7, k= 1,86.

Buoieoown

1 Ha ontumanbhbeix pexumax (Bi = Pir, o2 =90°) paGoTbl TypOUHHBIX CTyIEHEH,
uMeroumx oaHo u Toxe PK, HO pasHble ropioBble IUIOMAAU F. COIUIOBBIX pEIIETOK,
yBEJIMUYEHUE PAJHAIBLHOTO 3a30pa COMPOBOXKAAECTCA MPAKTUUYECKH OJMHAKOBBIM CHHKEHUEM
KaK OTHOCHUTENIBHOTO BHYTpeHHero, Tak u 3aropmoxkeHHoro KIIJI. Benuuuna storo
CHIDKEHUS ¢ TOYHOCThIO +10 % MOXeT ObITh OmpesesieHa no o0LEenpUHATEIM Gopmyiam. B
TOXKE BpeMs 3T (OpMyJbl Ha MEPEMEHHBIX peXHMax pabOThl CTyNeHeH MOryT JaThb
norpewHocTs 6omee 100 %.

2 [Ipenynoxxensl GOpMyIIbI A pacdyera MoTepb OT NepupepruitHON yTEUKH B HIIMPOKOM
JUarna3oHe PeKUMOB, JIJISl MCIOIb30BaHUS KOTOPHIX HEOOXOJUMO pacrojiaraTh JaHHBIMH O
BJIMSHUY yTJIa 3 HA U3MEHEHHE POTOPHBIX NoTepb AL, M yria o, Ha U3MEHEHUE BBIXOJHBIX
HOTEPD Epe.

3 OgHUM U3 OCHOBHBIX MapaMETPOB, BIMSIONIMX HAa MOTEPU OT YTEUKH, SBISETCS
CTETEeHb PEaKTUBHOCTH CTYNEHHM P, 3aBUCSAIIAS OT OTHOLICHUSI CHHYCOB YIJIOB Olj, [32, @ TaKxKe
OT pEeXHUMHBIX mapameTpoB ER, u/cy. Anammusz ¢opmyn (4)—(6) mokasslBaeT, 4TO MpHU
COXpaHEHUU MapaMeTpoB P, 1, B2 yBeTUUEHHE YIIa O COMPOBOXKIAETCS POCTOM MOTEPh OT
nepupepuifHOW yTeUKH B pe3yJIbTaTe MOBBIMIEHUS OTHOILICHHUS CKOpocTed Wa/cy, TO ecTb
ponu PK B hopmuposannu KIT/I.

Cnucok aurepatypsl: 1. Anexcees, K.II. HekoTopble pe3yibTaThl HCIBITAHMHA OCEBBIX CTYIIEHEW TypOWHBI
typookommpeccopa [Tekcer] / K.II. Anekcees, b.®. Kosanernko u ap. // Tpyast HAMU. — M., 1974. — B 149.
— C. 17-25 2. lU]eznsies, A.B. Tlaposbie TypOunsl [Texcr] / A.B. UlernseB. — M.: Dueprus, 1976. — 368 c.
3. Tpybunos, M.A. Tlapossie u razoBbie TypOuHsb! [Tekcr]: yue6. nmus By3oB / M.A. Tpyo6unos, I'.B. Apcenbes,
B.B. ®posnos [u ap.]; mox obm. pen. A.I'. Koctioka, B.B. ®ponoBa. — M.: DHeproarommsaar, 1985. — 352 c.
4. Craig, HR.M. Performance Estimate of Axial Flow Turbines [Text] / H.R.M. Craig, H.J.A. Cox //
Proceedings of the Institution of Mechanical Engineers. — 1971. — Vol. 185, Ne 32. — P. 407-424.
5. Agpanacvesa, H.H. AspoauHaMHYecKue XapaKTEpPUCTUKH CTyleHed TernoBbix TypOoun [Tekcr] /
H.H. AdanacseBa, B.H.bycypun, W.I'. T'oronmeB [u nxp.]; moxm o6m. pex. B.A. UYepnuxosa. — JL:
Mammnoctpoenue, 1980. — 263 c. 6. Kacker, S.C. A Mean Line Prediction Method for Axial Flow Turbine
Efficiency [Text] / S.C. Kacker, U. Okapuu // ASME J.E.P. — 1982. — Vol. 104. — P. 111-119. 7. Kupunnos, 1.1.
[oTepn sHeprum B TypOMHHOH cTymeHu ¢ OaHmaxeM u Oe3 Oaxmaxa [Texcr]| / NH. Kupmwiios, A.A. Kimmvios //
Temnosrepreruka. — 1963. — Ne 2. — C. 30-35. 8. Stodola, A. Dampf — und Gas — Turbinen [Text] / A. Stodola. —
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