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IIpoBeneno yncIeHHOE NCCIEIOBAHNE BIUSHUS KPUBU3HBI CKEJIETHON JTUHUY TPOGUIIS JIOMACTH
rpebuoro BunTa u3 cepun mpoduiieiit NACA, paboTaroIero B KOJIbIEeBON HACAIKE B CILy THOM
CITeie 3a TMOTPYKEHHBIM B BOLY OCECUMMETPUUHBIM TEJIOM, HA TUAPOYIPYTUE U IPOYHOCTHHIE
XapaKTepUCTUKU BUHTA. [Ipu mpoBeneHun pacueToB UCHOIB30BAHBI METONBI BBIUUCIUTEThH-
HOHN TUAPOOUHAMUKY, B TaCTHOCTH METOI KOHEUHBIX 37IeMeHTOB. IIpemcTaBieHs! pe3ynbTaThbl
pacueToB KO3(hPUIIMEHTa IIOJEe3HOr0 NENCTBUS, YIPYyroro m3ruda jomnacren, KoddhuimeHta
MaBJIeHUs U COOCTBEHHBIX YacTOT. Iloka3aHo, 4TO HAIWYWE CIIYTHOTO CJIENa OKa3bIBAET CY-
IIIECTBEHHOE BIIMSHUE HA MOBEIEHNE PACCMATPUBAEMON MPOMYIbCUBHON CUCTEMBI. Y CTAHOB-
JIEHO, UTO PacIpeneieHue BeJIUINHBI KPUBU3HBI CKEJIETHON TUHAKN TPOPUIIEH BIOIL JIOMACTEH
BUHTA B PaOUaIIGHOM HAIIPABJIEHUN OKa3bIBaeT BJIUSHUE Ha KABUTALWIO U ITapaMeTPHI 3T -
6a JomacTel, a TakXke Ha TUIPONTHAMUIECKIE XaPAKTEPUCTUKNA 1 BUOPAIIMOHHOE TIOBEIIEHNE
BUHTA.

KntoueBble C/IOBa: 0OCECHMMETPUYHOE IMMOTPYKEHHOE TEeJI0, BUHT B KOJIBIIEBOU HACAIKE,
KPUBU3HA CKEJIETHOW JTUHUU TPODPUIIS, CITYTHBIN CJIEN, TUIAPOYIPYTOCTh, PA3JIOXKEHNE 110 COO-
CTBEHHBIM MOIIaM.
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BBenenue. B nocnennee BpeMsi MpOBeNeH psif UCCIIEOOBAHUN TUAPONMHAMIIECKOTO U THI-
pOympyroro mnoeeneHus KopabenbHbIX BUHTOB [1-4]. B wactrOCTH, B paboTe [2] ¢ ucnonb30BaHn-
€M MeTOIIOB BBIUNCINTETFHON TUIPOANHAMIKI, OCHOBAHHBIX Ha PEIleHnn ypaBHeHU Peitnonb -
ca (RANS), 1 METONOB KOHEUHBIX 5JIEMEHTOB IIPOBEIEH aHAJIN3 TUAPOYIIPYTOro MOBEIEHUs Ipeb-
HOTO BUHTA B HEOMHOPOMTHOM CITyTHOM CJIele C TIeIbI0 MUHIMU3AINN BUOpAInil 1 IUHAMITIECKIX
HAIIDSKEHWI, BO3HUKAIOIINX B MaTepuaje jonacteil. B [3] usyueno BmusHue umcria nomacreit
Ha TOBeIeHNe psifa KopabebHbIX BUHTOB ¢ mpoduisamu cepurr NACA | mitst perrieHust ypaBHEHWI
RANS ucnonb30BaHbl METOMBI BEIMUCIAUTEILHON TUAPOINHAMUKY B COYCTAHUU C METODAMU KO-
HEYHBIX 3JIEMEHTOB, B CIJTY MAJIOCTH YIPYTUX HehOopMalnil JIOMacTel aHAIN3 3a/1a91 BLITIOTHEH
€ TIOMOITIBIO OTHOHAITPABIIEHHOTO METOIA TUIPOYIPYTOCTH.

B macTosiiiieit paboTe UCCIIeMy0TCs BIUSHIE PAIUATLHOTO (BIOIb JIOMACTH) PACIIpeIesie-
HUS ITpormda CKeJIeTHON JIMHUM JIONacT! T'pebHOr0 BUHTA, PabOTAIOINIETO B KOJIBIIEBON HACAIKE
B CJIelle 33 OCECUMMETPUYHBIM TOTPYXKEHHBLIM B BOMY TEJIOM, Ha TUIPOIUMHAMUYECKOE W TUIPO-
yIpyTOe NOBeeHNe BUHTA, BIUSHNE CIIyTHOTO Cllefla 33 OCECUMMETPUIHBIM TeJIOM Ha HEKOTOPBIE
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XapaKTepPUCTUKUA I'peOHOTO BUHTA, a TakKxKe BUOpALMOHHOE IOBeIEeHNE BUHTOB B BONHOU Cpene.
PaccMoTpeHbl BUHTHI B KOJTBIIEBOI HACAMKE, IMEIOITIe ((MKCUPOBAHHBI HAOOP apaMeTpPoB, Xa-
PaKTEePU3YIOIINX UX FeOMETPHUIO, 3a UCKIII0UEeHNeM U3ruda CKeIeTHON JIMHNAN IPOMUIIsL JIONaCTH.

1. YHucnenHoe mopmenupoBanue. [Ipu MomenmmpoBaHUM TeYeHUs UCIOIB3YIOTCS ypPaBHE-
HISI N30TEPMUIECKON HBIOTOHOBCKOH KUIKOCTHU. B MONBIMXKHON CUCTEMe KOOPAUHAT YPaBHEHUE
HEPa3PBIBHOCTH U 3aKOH COXPAHEHWs KoinmdecTBa mBukenus (ypasuenus Hasbe — Crokca)
IMeIOT B

dp
—+V.pv, =0
ot ’
0
ap’vﬂLV'(Pvr’UH‘P[w X (v—wv)]=-Vp+V.-7+F,
rme vp = U — Uy — BEKTOP OTHOCUTEJIBHOU CKOPOCTHU; ¥ — BEKTOP abCOMIOTHOU CKOPOCTH;
Uy = V¢ FwXxXr— BEKTOP CKOPOCTU OBUKCHUS IIOI[BI/I)KHOfI CUCTEMEI KOOpONHAT OTHOCUTEJIBHO
WHEPIITMOHHOW CUCTEMBI KOOPOWHAT; V¢ — BEKTOP TMEPEHOCHOW CKOPOCTHU; W — BEKTOP YTJIO-

BOIl CKOPOCTH BPAIIIEHUS MOABIKHOW CUCTEMBI KOOPAWHAT; P — CTaTUUECKOe HABJICHUE;, ) —
IJIOTHOCTD; F' — BEKTOP BHENIHUX CUJI; T — TEH30p HampsikeHuinn Pefinonbmica.

B pa6ore [3] ¢ nCHONb30BAHIEM YUCIEHHBIX METOMOB MUIPOINHAMUKY BBIIOIHEHO YUCIIEH-
HOE MOMEeTNPOBAHUE CTAIMOHAPHON 3anaun oO0TeKaHus rpebHOTO BUHTA CYIHA.

W3BecTHO, UTO HAMEXKHOE UNCTICHHOE MOMETNPOBAHNE TUIPOIUHAMUKI KOpaOeITbHBIX BUHTOB
IpU CTAIMOHAPHBIX PEXUMAX OOTEKAHUS MOXKET OBITH BBITIOTHEHO C HMCIOJIb30BAHUEM METOIOB
BBIUUCIUTETLHON THAPOIUMHAMUKY U cyenyiomux nonxonos [3]: RNG-(k-¢)-monenu TypOyment-
Hoct, cxemMbl PRESTO (pressure staggering option) mpu muckpeTu3amnum 3aQadu OmpeneieHIst
nasnenus, cxembl QUICK (quadratic upwind interpolation for convective kinematics) nmpu nuc-
KpPeTU3aIii KOHBEKTUBHLIX 4jIeHOB B ypaBHeHusx, meroma SIMPLEC (semi-implicit method
for pressure linked equations-consistent) mpu onpemeneHny TaBIeHUs] 1 CKOPOCTU B CBA3AHHBIX
YPaBHEHUSX, MTOMBIKHON CUCTEMBI KOOPAUHAT M/ yueTa 3h(HeKTOB, 00YCITOBICHHBIX BPAIIICHN-
eM BUHTA. B manHoit paboTe 06J1aCTh YUCIEHHOTO MOIeIupoBaHus (puc. 1) u KpaeBble yCIIOBUsI
BBIODAHBI C yUETOM Pe3yabTaToB paboTs! [3]. anHa pacueTHON 06/1aCTH BHU3 [0 TEUCHUIO OT
BuHTa pasHa 20D (D — numamerp BuHTA), L — IJIMHA Teja BBEPX MO TEUYEHUIO OT BUHTA.

3amaBasuch CIeMyIoIne KPaeBble YCIOBUs: Ha JIEBOW IPAHUIIE ININHIPUIECKOR 06/1acT —
PABEHCTBO CKOPOCTHU TEUEHUS U CKOPOCTU HAOETAOIEro MOTOKA, HA TPAHUIE MEXKIY JKUIKO-
CTBIO U TIOBEPXHOCTBIO BUHTA — YCJIOBUSI HEITPEPBIBHOCTH TIOJISI CKOPOCTEN, Ha MTPABON T'DAHUIIE

Puc. 1. O6GnacTb 4MCIEHHONO MOIEINPOBAHUSL:

1 — Bxom, 2 — Teno, 3 — BUHT, 4 — BBIXOX
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HIIHHIPUIECKON 0OJIaCTU — PABEHCTBO HYJIIO T'PAAUEHTa HABJICHUS, HA KECTKUX CTEHKaxX —
YCJIOBUST TTPUJTATIAHNS.

[Ipu mocTpoeHnn pacueTHON CETKHU B 0OIACTU B OKPECTHOCTH BUHTA UCIIOIB30BAIINCH TET-
pasapuuecKue 3JIeMEeHTHI, BHE 3TOW OOJIaCTU — TeKCA’IPUUIECKue 3JIeMEeHThI. BOau3m cTeHOK
mapameTp ceTKn YT paser 100, TOTOMY HOTPAHNYHEIH CIOH MOIEIMPOBAJICS C HCIIOIH30BAHI-
eM CTaHOAPTHON NMPUCTEHHON QYHKIIUN.

s pacueTa KOHCTPYKIIUKM W aHAIM3a MO KOJEeOAHWH MCIOJIB30BAJICS METOI KOHEUHBIX
9JIEMEHTOB. Y PABHEHUs NBUXKEHUS 3alUCHIBAIIACH B BUIE

[M[{i} + [Cl{a} + [K{u} = {F},

roe {i}, {u}, {u}, [M], [C], [K] — ycxkopeHue, CKOpoCTb, CMeIIEHNE, MATPHUIA MACC, MATPUIA
neMrrpOBaHUS U MATPUIA KECTKOCTU COOTBETCTBEHHO. KommonenTamu BekTopa {F'} sBiis-
IOTCSI TIEHTPOOEKHBIE CUIIBI, CUJIBI TSKECTH (MpaBUTAIN) U OGOOIIEHHBIE THAPOIMHAMITIECKIE
CUJIBI, HeficTBYyOME Ha jgonacTu BuHTA. OOOOIIIeHHBIE CUITBI BBIYUCIISIIOTCS U3 PEIeHns TUIPO-
IMUHAMIYECKON 321891 U 3aTeM UCIONB3YIOTCS B KOHEUHO-3IeMeHTHON Mozenu [4]. Ilebopmariun
onpenersiorcs u3 pentenust cuctembr Buna [K|{u} = {F'}. llpu perrennu BoIHOBOR 3amadn dTa
CUCTEMA JIOTTOJTHSIETCSI BOJTHOBBIM YpaBHEHUEM aKyCTHUKH.

AnropuT™M IByHAIIPABIEHHOTO METOMa COBMECTHOTO PeIleHrs 3amdad TUAPOOUHAMUKN I
YIPYTOCTH 3aKTI0YAETCS B CIICOYIOIIEM.

1. C ucnonb3oBaHreM porpaMm OJI0Ka I PEITeHrs 3a0aY BBIYUCIUTEILHON TIIPOITHA-
muku (CFD) BeImOnHsSETCS TUAPOIUHAMIYIECKUI AHAIIN3 KECTKOTO BUHTA.

2. Tlomyuennoe pacmpemneneHne MaBICHUs Ha JIOMACTH BUHTA HUCIOIB3YETCS B KOHETHO-
97IEMEHTHON MOJIEJI.

3. C ucnonab30BaHMEM  KOHEUHO-DJIEMEHTHOW  MOMEIN  BBIUUCISIETCS  HAIIPSKEHHO-
nehOpMUPOBAHHOE COCTOSTHUE JIONTACTel BUHTA.

4. Hosast (medopmupoBanHast) (GopMa MOBEPXHOCTH JIOMACTENl BUHTA MEPEIaeTCs B 60K
(pematens) CFD. B pacueTHoit o6acTu, 3aHITON XKUTKOCTHIO, CTPOUTCS HOBast CETKA C yUI€TOM
HOBOWl T€OMETPUU U HOBOT'O PACHPENESIEHUs TaBJICHIUS.

5. Pemrarens nepexonut Ha mar 1.

Brraucnenus mo magHOMY aJIrOPUTMY IIPOAOJIKAIOTCS OO TeX TOp, MOKa He OyneT MOCTUr-
HyTa CXOOUMOCTH PEIIeHUN MMIPOANHAMUYECKON 3a0aUl U 3aJIa9Yl BBIUUCIICHUS HAITPSKEHHO-
neOpMUPOBAHHOTO COCTOSHUS JIOMACTEN BUHTA.

3aTeM BBITOIHSAETCS BOJHOBOW AHAIU3 IJIs ONPENESICHUs BUOPAIMOHHBIX XaPaKTEPUCTUK
KOHCTPYKIuu. [Ipy morpyxeHnn KOHCTPYKIINK B XKUIKOCTb €€ COOCTBEHHBIE YACTOTHI MEHSIIOTCSI,
MTOCKOJIBKY INBIKEHUE TeJla BBI3BIBAET MBUKEHUE OKPYKAIOMIEH YXKUIKOCTU, BCIEOCTBUE UErO
IPOUCXOAUT TIePEPACIIPENeIeHne NABIeHNsl, IefCTBYIOIEr0 Ha KOHCTPYKIUIO (Y KOHCTDYKIIUH
HOSIBIISIETCS. TAK HA3bIBaeMas [IPUCOENNHEHHAS MACCa).

2. IlocTanoBka 3amauu. [[poBeneHo MonenupoBaHre TOBEOCHUST BOCBMI PA3JINIHBIX BIH-
TOB TIPU CJIEAYIOIINX TPEIIOTIOKECHUIX:

1) umemno sonacTell paBHO CeMU;

2) mwioaAb CIPAMISIEMON TIOBEPXHOCTH JIOMACTEN SBISETCS MOCTOSHHON Ui BCEX pac-
CMOTPEHHBIX BUHTOB, TIPU 5TOM IIPOEKIINN JIonacTell (BUI Clepenn) MOKPBIBAIOT MOTHLIA KPYT,
MEPEKPBITHE KAKOU-Iu00 YacTu /10001 13 JOmacTell COCEMHUME JIOACTSIMU OTCYTCTBYET;

3) nuameTp BuHTaA paBeH 45 cM;

4) BCe BUHTBHI UMEIOT OAMHAKOBOE PACIIPENENICHIE MaKCUMAIBLHON TOIIIIMHLL MTPOGIIIEN o
panuycy;

5) ucnonb3yiorces npodmin sonacteit NACA u3 cepun ¢ 4eTBIPBMST MHIEKCAMIE, TOJIIITHA
KaxKIoro mpoduiis MakKCUMajbHa Ha paccTosHuu, paBHOM 30 % IJIMHBI XOPObI, OTCUMTHIBAE-
MOH OT BemyIllell KPOMKU, KPUBU3HA CKEJIETHON JTUHUN TPOGUIs MaKCUMAIbHA HA PACCTOSHUM,
pasaoM 50 % HJIMHBI XOPOLL;
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6) BCe BUHTBI IMEIOT OAMHAKOBBIE PACIPENEICHNs IIara BUHTA BIOJIb PAILYCA, IPUIEM st
b6e3pa3MepHOro panmyca, paBaoro 0,7, mar BUHTa cocTaBiseT 1,8 m Bo3pacTaeT B HallpaBJIeHUN
OT OCHOBAHUS JIONIACTU K €€ KOHILY;

7) OTHOCHUTENbHAS KPUBU3HA CKEJIETHON JTUHUN MPOGUIII B PALUAILHOM HAIDPABIICHUN IO
crosiaHa (f(r)/c = const);

8) COMHCTBCHHBIM BapPBbUPYEMBIM IIapaMETPOM B pacCdeTaxX ABJIA€TCA MaKCHUMaJiIbHas KPU-
BI3HA CKEJIETHOW JIMHUU TPOUIL;

9) oTHOIIEHNE TUAaMeTpa CTYIUIBI K quaMeTpy BuHTa coctasiseT 0,4.

HCHOJH)3YIOTCSI TaKxXe CJIeOAyIoIne OOIIOJTHUTEIbHBIC OOITYIIECHMA:

1) BenmumHA 3a30pa MEKIy KOHIIAMU JIOMACTEN BUHTA U BHYTPEHHEN MOBEPXHOCTHIO KOJThb-
LeBoil Hacanoku cocrasisger 1,5 % mmamerpa BuUHTA;

2) BO BCex pacyerax 3amaeTcst OOUH U TOT ke npoduib Hacanku (mpodumis NACA ¢ ge-
TBIPHMS UHICKCAMN );

3) muaMeTp 06TEKAeMOTro Tejla PaBeH HH CM.

Pacnpenenenus 6e3pa3MepHOil KPUBU3HBI CKEJIETHON TMHUT TPOPUIIs M1 Momenein 1-8 3a-
TIAHBI B CJEMYIOIIIEM BUJIE:

fr)fe=Ci,  i=1,....8,
roe (71 ==();(722220,5 96;(73 =1 96;(74 = 1,5 96;(75 =2 96; C};:: 2,5 96;(7722:3 96;(78 = 3,5 96;

f(r)/c — pacnpenenerne Ge3pa3sMepHONl KPUBU3HBI CKEJIETHOM JIMHUE TPOMUIIS BIOIb PALNAITb-
HOIT KOOpIUHATHI (Iasiee — GespasMepHasi KpuBu3Ha mpoduis); f — cTpesta nporuba mpoduiis
(MakcuMaJIbHOE PACCTOSHUE MEXKIY CKEeJIeTHON JIMHWUEed mpoduiis 1 XOpHAOH); ¢ — IJINHA XOp-
nbl; ' — KOHCTaHTA; ¢ — UHIEKC, COOTBETCTBYIOIINI HOMePY Momenu. B kadecTBe MaTepuasia
BUHTOB BBIOpaH aaoMUHUEBHIHN critaB 16-6061.

3. PesynbTaThl pacueToB 1 uX ob6cyxaeHue. [Ipu anciieHHOM nCCIeNOBAHIE BIIUSHIS
KPUBU3HBI TPOPUIIS HA TUAPOYIIPYTOe TOBEICHIE BUHTOB B KOJIBIIEBBIX HACAIKAX CKOPOCTH ITBU-
JKEHUsl TIOTPYKEHHOTO B BOMy Tesa Obuta mpuHsTa pasHoit V, = 19 m/c. CkopocTh BpalleHus
KaxKIION MOMENTN BIHTA 3aJlaBajlach TaKuM 00pa3zoM, YTOOBI YIIOP BUHTA KOMIIEHCHPOBAJ COIIPO-
TUBJIEHNE IBIKYIIIETOCs Tejla pu 3amaHHon ckopocTu. OOIIee COMpOTUBIIEHNE MPENCTABIIAET
co00l CyMMY CHJIBI TPEHUS, CUJILI CONPOTUBICHUS Fijpqg = pV2CyA/2 1 MEOYIIPOBAHHOTO CO-
MPOTUBJIEHUs. YTIOP BUHTA, HEOOXOMUMBIN I MBUKEHUS TeJla CO CKOPOCTHIO, paBHOU 19 M/c,
coctasiseT npubamsuteabHo 6000 H. [lomyuennble pe3ynbTaThl pacueToOB MPENICTABICHBI HA
puc. 2-4.

Ha puc. 2 mokaszana 3aBUCHMOCTH CKOPOCTHU BPAIIEHWS BUHTA, HEOOXOMMMON IJIsT KOMITEH-

carmuu conportusenus, pasaoro 6000 H, or xpuBm3ubl mpodusis, Ha puc. 3 — 3aBUCHUMOCTD
n, 06/ Mun
1500
1400
1300
1200O OL5 1;0 1;5 2;0 2;5 3:0 fle, %

Puc. 2. 3aBucumocts ckopoctu Bparerus suaTa npu 1 = 6000 H ot kpuBm3HbI
npoduIis JOMacTU BUHTA
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Puc. 3. 3asucumocts KIIIT xkectkoro (1) m yupyroro (2) BEHTOB OT KDPUBH3HBI
npoduiIs JI0nacTu
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Puc. 4. 3aBucumocTu nporuba BemyIiell KpOMKH JIOMACTH W OT TOJIINHBL KDOMKY
IIPU PA3INYHBIX 3HAUEHUSIX OTHOCUTEIFHON KPUBU3HBI TPOMUIIS JIONACTH, IOy IeH-
Hble IIPU PEIIeHUN I'UAPOyIPYTol 3a1a4un:
1—f/e=0,2—f/c=05%3—f/lec=10%,4— f/le=15%,5— f/c=2,0%,
6—flc=25%,7—f/lc=30%,8— f/lc=35%

runpomuaamuyaeckoro KIIIT suatos n = TV, /(27nQ) ot xpusnsusl npoduis (T — ymop BuH-
ta, H; () — KpyTsIuii MOMEHT, CO3MaBaeMbIll BAJIOM BUHTA, H - M; n — CKOPOCTH BpAIllCHU
BuHTa, 00/MuH). [loydeHs! pe3ynbTaThl THAPOITHAMUYIECKOTO MOIEIMPOBAHIS B TIPEIIOIOKE-
HUM aOCOJTFOTHON KECTKOCTU BUHTA U PE3YIbTATHl COBMECTHOTO PEIIeHUs TUAPOTITHAMITIECKON
U yIpyroil 3ama4 (IBYHAIPABICHHbI METO).

Ha puc. 4 nokaszana 3aBUCUMOCTb M3ruOHON meOpMaIlNy BEAyIIel KPOMKI BUHTA OT TOJI-
IIMHBI KDOMKW IIPU PA3INYHBIX 3HAUEHUIX KPUBU3HBL TPOMUIIS JIonmacTu. PacueTsl mpoBoauinch
TSI BEIyIIell KDOMKI, TaK KaK OHA MMeeT IIPUEeMJIEMYIO TOJIIIMHY U BBIUUCICHNS HA PACIETHON
CeTKe B 3TON 00JIACTU MMEIT MUHUMAJILHYIO MOTPENIHOCTb.

YBenuueHne KpUBU3HBI TPOPUIIS MPUBOAUT K YBEJIUUEHUIO yriopa BuHTA. [[loaTomy, nys To-
ro 4TOOBI TMOJIYYUTH OTHO U TO K€ 3HaUEHUE YIOopa, CKOPOCTH BPAILIEHUs] BUHTA HYKHO YMEHb-
INUTh, a KPUBU3HY npoduis — yBeauuuTsb (cM. puc. 2). Ha puc. 3 Bumno, uro KIIII BunTa
IOCTHUraeT MakcuMyMa mpu 6e3pasmeproit kpususHe npoduis f/c = 1,5 %. CnenoBarenbHo,
KIIl BuHTa HEIMHENHO 3aBUCUT OT KPUBU3HBLI MPOGUIISL JIONMACTHU BCIIENCTBUE €€ BIUSHUSI HA
2¢bdEeKTUBHBIE YIIIBI ATAKW IJIsl YIACTKOB JIOMACTHU, PACIOIOXKEHHBIX HA PA3JIUIHOM PACCTOS-
Huu oT ocu BparmieHus BuHTa. Makcumanbaoe pasmuune KIIJI kecTkoro m ympyroro BUHTOB
cocrasnser npubmusurensio 0,8 % (cm. puc. 3). U3 mpencrasnenubix Ha puc. 4 pesynbra-
TOB YHCJIEHHOTO PEIEHNUs 3a0a9il TUAPOYIPYTOCTHU C UCIOIB30BAHUEM IBYHAIIPABIEHHOTO Me-
TOOA CJIEMYEeT, UTO IPU yBeIUUYeHUN O6e3pa3MepHON KPUBU3HBI TPOGUIIS JIOMACTH A0 3HAUCHIS
f/c =2 % Bosmoxuo ymenbienue nedopmanuu BuaTa. lpu f/c > 2 % nebopmanus momactu
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(CP)min
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Puc. 5. Pacnpenenenune xosddunnerTa MUHAMAILHOTO MABICHUS B PALUATIHHOM
HaIIPaBJICHUN 7" TIPU PA3JINYHBbIX 3HAYCHUAX KPUBU3HBI HpO(I)I/I.HH JIOIIaCTN:
1—fle=0,2—f/c=05%,3—f/c=10%,4— flc=15%,5— f/c=2,0%,
6 —f/c=25%,7—f/c=30%,8— f/c=35%

YBEIMUIMBAETCS. 3aMETUM, UTO yBeIMUeHne KPUBI3HbI mpoduiis B auanasoue f/c = 0+2 % npu-
BOOUT K YMEHBIICHUIO medopManny IpubIm3nTebio Ha 73 %. DTo o3HavaeT, 9To medopManus
BUHTA HEJIMHENHO 3aBUCUT OT KPUBU3HBI TPODPUIIS JOMACTH, TOCKOIBKY TedopMalus BemyIlein
KPOMKMU JIOIACTHU SIBIISIETCS] M3TUOHO-KPYTUITHHOM.

[TpoBenmeno wuccienoBanume BAUSHUS Oe3pa3sMEepHON KPUBU3HBI NMPOGUIIs Ha MUHUMAJILHOE
IaBjIeHNe Ha JIONACTSAX BUHTA. KoshduineHT MIHIMAIBLHOTO OABIIEHUS OIIPENeIsieTCs CIEemyTo-
M o0pa3oM:

(CP>min = (Pmin - Pw)/(PUQ/Q)

(Ppmin — MUHUMYM aGCOITIOTHOTO HABIEHUSE; Pay — MABJIEHUE B JKUIKOCTH BIAIM OT BUHTA; U —
CKOPOCTH TIOTOKA). 3aMeTUM, YTO [IPU YMEHbIIeHIN KOdhPUIMeHTa NaBIeHNs BO3PACTAeT PUCK
BO3HUKHOBeHUs Kaputaruu. Ha puc. 5 nmpuBenens! pactpeneneHus KoahOUuineHTa MUHIMAIbHO-
r0 JABJIEHUs B PAIUabHOM HalpaBieHun r. BumHo, 9TO Ipu yBeNIMYEHUN KPUBU3HBI TPOGUIIS
ngomact or 0 mo 3,5 % yMeHbIIAeTCsS PUCK BO3HUKHOBEHUS KABUTAIMA HA PACCTOSHUSAX OT
ocu BuHTA, MeHbIUX (0,6, mpu GOIBININX PACCTOSHUSIX OT OCH BUHTA 3aBUCUMOCTD SIBIISIETCS
HeuHenHOW. TakuM 00pa3oM, HJjis YMEHBINIEHUs PUCKa BO3HUKHOBEHUS KABUTAINN KPUBU3HA
npodusell NOMKHA YMEHBIIATHCS B HAIIPABIIEHNN OT OCU BUHTA K €r0 BHEITHEMY Kparlo.

Kak ykazano Bwrime, makcumanbubeii KIII BuaTa mocturaercs mpu KpuBm3HE TPOQUITSI
f/e=15% (cm. puc. 3). Huxe uccnenyercs sasucuvocTs MakcumanbHoro KILIT or ckopoctu
NBUKEHUS TIOTPYKEHHOTO Teqna V, mpu 5TOM 3HAUEeHUN KPUBU3HBI TpoduiIs jonacTtu. PaceMoT-
peH nmamasoH ckopocreir V, = 8 =+ 28 M/c, ABISIOMINIACA TUMNYHBIM IS KOHCTPYUPYEMBIX
BUHTOB. Pe3ynbTaThl BHIYUCIEHNT TPUBENEHBI Ha puc. 6. 3aMeTuM, ITO TPU BBIYUCICHUSIX BbI-
TTOJTHSIJIOCH PABEHCTBO YIOPA BUHTA U CUJIBI COMMPOTUBIICHUS TEJIA.

W3 puc. 6 cremyer, uTo MakcuMasabHOoe pasnunune 3HaueHuit KIII, BeraucieHHBIX Ipu pas-
JMYHBIX 3HAYCHMSAX CKOPOCTH HBIKeHns, He npesbimaeT 1 %. Takum obpasom, KIII BunTa
MOXKHO CYMTATH MPAKTUIECKU TOCTOSHHON Besnmuuuoil. [Ipu Boraucienun 3asucumoctu 1)(Vy)
GespasmepHas oCTyb BuHTa pasha J =V, /(nD) = 2,04 + 0,02. Taxum o6pazom, HE3ABIUCUMO
OT CKOPOCTHU ABUKEHUsI MMOCTYIIh BUHTA MPOIYIECUBHON CICTEMbBI UMEET TMOCTOSHHOE 3HAUEHIE.
[TomyuyeHHBIN pe3yIbTAT MPENCTABIsIET NHTEPEC, TAK KAK B CIIydae OCECUMMETPUYIHOTO MTOTPY-
JKEHHOT'O Tejla yIOp BUHTA, HEOOXOMUMBIN MJIs OBUXKEHUS C 3aJaHHOU CKOPOCTBIO, IIPOIOPIINO-
HasleH KosbdummenTty conporusienns Cy 1 KBagpaTy ckopoctu V.2, TaxuM o6pasoM, KaxkKmooMy
3HAYEHNIO CKOPOCTH IBUKEHUS COOTBETCTBYET ONPENESIEHHOE 3HAUEHUE CKOPOCTHU BPAIICHUS
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Puc. 6. 3asucumocts rumponuuamMudeckoro KIII rpeGHOro BHHTA OT CKOPOCTHU
IBUXKEHUsI IOFPYKEHHOIO B BOMY TeJjIa,

3HaueHna CoBCTBEHHBLIX YacToOT W1, W2 NEPBbLIX ABYX MOL, konebaHun

f/C,% wl,Fu (UQ,FH f/C,% wlvru W2,FH
0 199.4 302,7 2.0 2158 296,0
0,5 203,4 301,7 2.5 220,1 2942
1,0 207.4 299.9 3.0 924.6 292.4
15 211,6 208,3 3,5 9291 290,1

BUHTA B Hacanke. V3 MoIydeHHBIX Pe3ylIbTAaTOB CJIEMyeT, YTO Ipu paboTe BUHTA B PABHOBEC-
HOM DE€XUMe, T. €. IPU PaBEHCTBE yIOpa U CUIIBI COMPOTHUBIIEHUs, CKODOCTH BPAIIEHUSI BUHTA
CBsI3aHA CO CKOPOCTBIO ABIRKEHNS TeJla XapaKTePHBIM 7Sl HAHHON CUCTEMbI 3HaUeHNEeM OCTYIIN
BuaTa. Hampumep, ckopocTs neumxkenus V, = 24 M/c COOTBETCTBYET 3HAYEHUIO COMPOTUBIICHIS
(u ymopa BuraTa) T = 8600 H u ckopoctu Bpattienus Buata n = 1759 06/mun. [Ipu ymenbIerun
CKOPOCTH IBIKEHUS Tena 10 3HadeHus V, = 15 M/c ymop BunTa cocrasmser T = 460 H, uro
COOTBETCTBYET CKOPOCTH BparttieHus BuaTa n = 1098 06/Mun. BespasmepHas moCcTynb BUHTA B
oboux ciayuasx paBha J = 2,05.

st cpaBHeHUsT XapaKTEPUCTUK BUHTA B CIIEHE 3a TEJIOM W B CBOOOMHOW BOME ITPOBENEHA
Cepus pacueToB IS BUHTA ¢ OTHOCUTENLHON KpuBU3HON podus monactu f/c = 1,5 %. Max-
cumasibroe 3Hadenue KIII B csoGommoit Bome cocrasisger 58 %, B TO BpeMs KakK B CITyTHOM
cienie oo pasO 87 % (cm. puc. 3). Takum o6paszom, nmpu pabore BuHTa B crryTHOM ciene KITIT
BUHTA yBEIMUNBAETCS NpubmsuTensro Ha 30 %.

[TpoBenen anamm3 coOOGCTBEHHBIX MO KOJIeOAHI BUHTA B BOMIE. 3HAUEHUST COOCTBEHHBIX Ya-
CTOT IIEPBBIX IBYX MO KojebaHuil npuBeneHsb! B Tabmute. [[pu yBenmmaeHnn KpuBu3HBL TPOGUIIS
JIONIACTU YBEJINYNBAETCS YacTOTa IePBOI MOOBI KOJIeOaHN, COOTBETCTBYIOIIEN N3TNOHBIM KOJIe-
6anusaM. [Ipu sTOM wacToTa BTOPOI MOIBI KOJIebaHU, COOTBETCTBYIOIIEN KPYUEHUIO JIOMACTEH,
yMmenblaeTcs. [lockonpky mepsas mMoma 0oltee CYILECTBEHHO 3aBUCUT OT KPUBU3HBI MPOGUIIS
JIONACTU BCJEACTBUE OJIM30CTU YaCTOTHL KOJIeOaHUU U YaCTOTHl BO3MYIIIEHUN, MOXHO CIelaTh
BBIBOII, UTO IIPHU YBEJINYEHNN KPUBU3HBI TPOMPUIISL JIONACTH YIIyUIIalOTCs ee BUOPAIIMOHHbBIE Xa-
PaKTEepUCTUKMN.

3akirouenue. B paboTe nmpoBeneHo nccienoBaHme BIUSHIS KPUBU3HBI TPOGUIIS JIOMACTEHR
BUHTA, pPabOTAIOIIEr0 B HACAIKE B CJIENle 38 OCECUMMETPUYHBIM IOTPYKEHHBIM TeJIOM, Ha TU-
PONMHAMITYECKIE U YIPYTUE XapakKTepucTuku BuHTA. [lomyuensr cremytomme pe3ynbTaThl. [Ipn
MIOCTOSTHHBIX YCJIOBUSX PA0OTHI BUHTA €r0 YIIOP YBEINUYMBAETCS ¢ POCTOM KPUBU3HBI PO
JonacTe. Y Ipyruit mporub BeayInX KPOMOK HEJTMHENHO 3aBUCAT OT KPUBU3HBI ITPOMUIIS JToma-
creit. 'magponurammaeckuit KIII[ BuHTA HEMTMHENTHO 3aBUCUT OT KPUBU3HBI TPOMUIIS JIOMACTEH.
Makcumamnsuoe smauenne KIII nocruraercs npu kpususuae npodums sonacreit f/c = 1,5 %.
V3Mmenenne KpuBU3HBL MPOMUIIS JIOACTEN BUHTA OKA3bIBAeT CYIIECTBEHHOE BIIUSHIE HA BOZHUK-
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HOBEHFE U Pa3BUTHE KABATALNN. B PABHOBECHBIX YCIOBUSX (T. €. IPH PABEHCTBE COIPOTHBIIE-
HUSI IBIKyIerocs tera u ynopa suaTa) KIII BunTa siBiiseTcst HOCTOSIHHBIM (TIOTDEIITHOCTD He
npesbimaer 1 %), npu sToMm 6e3pasMepHas MOCTYIIb BUHTA [IJIs TaHHO IPOIYJILCUBHON CUCTE-
MBI TaKXe siBjsgeTcs noctossuaon. Maxkcumanbubrit KITI mpomymbcuBHON cucTEeMBI 3HAYUTETHHO
(mpubmmsurensro Ha 30 %) npessimaer KILI BuaTa B cBOGOMHOI Bome. Y BeInYeHNe KPUBU3HBL
npodusIs JonacTell BUHTA MPUBOMUT K YBEIMUYEHUIO YaCTOTHI MEPBOI (M3MUOHOM) MOIBI KOJIe-
GaHWUI U YMEHBIIIEHUIO YacTOTHI BTOPOil (KPYTUIIBHOM) MOIBI.
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