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Abstract. The study of the influence of the hull lines of a cruising and racing yacht on towing resistance has been
represented. It deals with the experiment of towing the cruising and racing yachts: one with classic hull lines and an-
other with modern ones. They are towed in a towing basin and in FlowVision at various speeds and without heeling
or drift angle. Much attention is paid to the experiment in the towing basin and to the results obtained. The author
focuses on the results obtained in the towing basin and Flow Vision software package and on comparing two models
with different hull forms. The results demonstrate that the yacht with modern hull lines is faster than with classic ones
and the results obtained by Flow Vision have relatively low accuracy when compared with the results obtained in the
towing basin.

Keywords: cruising and racing yacht; towing basin; computational hydrodynamics; towing resistance; model tests.

AHHOTHHHH. Wznoxena MeToauka IPOBEACHUA UCCIICTOBAHUS BJIMAHUA O6BOL[OB erﬁCCpCKO-FOHOqHLIX SAXT Ha 6yK-
CHUPOBOYHOC CONPOTUBJICHUA C TIOMOUIBIO BBIUYHMCIIUTCILHOU TUAPOAMHAMUKU U TPOBECACHUA MOACIBbHBIX HMCIIBITAHHH.

KaroueBrnlie ciioBa: KpCﬁCepCKO—FOHO‘IHaH SAXTa, OITBITOBBIN 6aCC€f/‘IH; BBIYUCIIUTCIbHAS THAPOANHAMUKA, 6yKCI/Ip0-
BOYHOC COIIPOTUBJICHUC; MOACIbHBIC UCTIBITAHHWA.

AHoTanis. BuknaneHa MeTonnka TMPOBEACHHS TOCTIIKCHHS BIHWBY OOBOIIB KpEHCEpCHKO-TIEPETOHOBHX SXT Ha
OyKCHpYBaJIBHUH OIIp 3a JOTIOMOTOI0 O0YHMCIIOBAIBHOI T1IPOINHAMIKH Ta IPOBEIACHHS MOACIBHUX BUITPOOYBaHb.

Kuarouogi ciioBa: kpeiicepcko-reperoHoBa sixTa; JOCIiIHUA OaceiiH; 00YHCITIoBaIbHA TIPOIMHAMIKA; OyKCHPYBaIIb-
HUH OIip; MOJIEIbHI BUIIPOOYBAHHSI.
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IHOCTAHOBKA ITPOBJIEMBI

[Ipy mpOeKTHPOBaHMM HOBBIX CYAOB IEpPEN SIXTECH-
HBIM KOHCTPYKTOPOM CTaBSITCSI JIBE OOLIHE 3a/1a4uH:

— M3MEHsIs mapameTpsl (JOPMBI KOPITyca, OLICHUBATD,
KaK 3TH HM3MEHEHMs BJIMSIOT HA BEIMYMHY TOHOYHOTO
Oaja;

— OJTHOBPEMEHHO OLICHHMBATh BIMSIHUE TEX K€ M3Me-
HEeHMH (hOPMBI KOpITyca Ha aOCOIOTHYIO XOJIKOCTb SIXTHI.

Ecnu mepBast 3ajaua B NPUHIUIE NTPOCTA U MOXKET
OBITH pelIeHa pacyeTHBIM ITyTeM, TO BTOpas Tpedyer
MMPpOBEACHUSA CUCTEMATUYCCKUX HUCTIBITAHUN KOpIyCcoB
SIXT ¥ IOJTy4eHHsI OyKCHPOBOYHOTO COITPOTHUBIICHUS B 3a-
BUCHUMOCTH OT U3MEHEHHBIX NTapaMeTpOB.

B cBs3u ¢ 3TUM B HAcTOALIEH CTaThe MPEAIPUHATHI
TIOTIBITKY MOJTy4eHHs] OyKCHPOBOYHOI'O CONPOTHBICHUS
B 3aBUCHMOCTH OT OOBOJIOB KPEHCEPCKO-TOHOYHBIX SIXT.
PaccmarpuBanmch KpelHCepcKO-TOHOYHBIE SIXTHI, paioH
mIaBaHus KoTopelx YepHoe, CpenusemHoe U Anpuaru-
YecKoe Mope.

AHAJIN3 ITOCJEIHUX
UCCJIEJOBAHUM U TYBJIUKAILIUIA

Eme co Bpemen B. @pyna npeanpuHuMalnuch Io-
TIBITKA MCCIIEIOBAHUS XOMTOBBIX Ka4eCTB SXTCHHBIX KOP-
ITyCOB B ONBITOBBIX OaccelHax.

Iosxamyii, BiepBble HanboIe€e MOJHBIC HMCCIIEI0BA-
HUS OCOOCHHOCTEH MBIDKCHHS TAPYCHOU SIXTHI C y4e-
TOM KpeHa U Jpeiida ObUIM BBITOJHCHBI aMEPUKAHCKUM
mpocgeccopom K. JIrBumconom. B omybnmmkoBanHOW UM
B 1936 1. ocHoBOmoararoieii padbore «K Bompocy o6
SKCIEPUMEHTATBHOM U3YUEHHUH MapyCHBIX SIXT)» MPEAIo-
JKCHA CHCTEMa YPaBHEHUH, OMTUCHIBAIOIINX PABHOMEPHOE
NPsSIMOJIMHEWHOE JIBU)KEHHE TIapyCHOrO CyJIHA; dTa CH-
CTeMa UCTIONIB3YETCS J0 CHX TIOP.

C nosiBIIeHHEM BBIYHCINTEIBHON TEXHUKH B a3pO/IU-
HaMUKe ¥ THAPOAMHAMHUKE HAYaJI0 pa3BUBATHCS HAIIPaB-
aenne CFD (Computer Fluid Dynamics) — uucnennoe
MOJCIMPOBAHUEC TUHAMUKU KUJIKOCTH.

B xonme 70-x rr. B lendrckom yruBepcurete (Hu-
JIepJIaHIbl) 110J1 pyKoBoACTBOM npodeccopa Jx. ['eppur-
cMa OblyIa UCTIBITaHa Ceprst U3 22 MOJIETICH SIXT C CUCTeMa-
THYECKH BapbHPYEMbIMHU NapamMeTpamMu (pOpMBI KOpITyca.
Monenu muHOM 1,6 M MCHBITHIBAINCH C OJMHAKOBLIMU
KIJISIMH U PYJISIME TIPH Pa3TUYHBIX YTIaX KpeHa U apeiida.
[NosiBnenue Jlendrckoii cepuu MO3BOIMIO PACCUUTHIBATD
THIPOAMHAMHYECKUE XapaKTEPUCTUKU MTPAKTUICCKH JIFO-
60T0 «ITPOMEKYTOYHOTO» KOPITyca M aHAJIN3UPOBATh UX
BIUSTHUE HA XOJIOBbIE kKauecTBa. B Havane 90-x rr. mapa-
METpBI ceprr OBLTH pacIIUpeHsl 10 39 Mozeneif 3a cuer
KOPIyCcOB 00Jiee JIETKOro BOJOU3MEIICHHS U JIONOJIHEHEBI
pacyeToM COMPOTHBIICHUS Ha BOJNHEHHWH. B HacTosmee
BpEMs1 9Ta METO/IMKA SIBJISIETCS CTaHJapTHOW JUIsl pacyera
COITPOTUBJICHUSA MTAPYCHBIX SAXT.

Crnemyer 0co00 OTMETHTH, YTO IIEpBasi B MHPE CH-
CTeMaTHyecKas cepusi MOJIeNieil KOpIyCOB SIXT pas-
paborana mmenHo B Coserckom Corosze, B Hukomaes-
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CKOM KopaOnecTtpouteinbHOM HHCTUTYTe (HBIHE HYK
M. aaM. Makapoga) JI. B. 3a0ypraeBbim enie 10 myonu-
kanuu JlenppTckoit cepun. B auccepraimonHoit padore
A. C. Crpyxununa (JIKH, 1987) uccnenoBanbl BOMPOCHI
THIPOa3POJMHAMHUKH SIXT B MPUBS3KE K 3a]a4aM UX Ipo-
EKTHPOBAHMSI.

CeronHst B MHpe WHTEPEC K W3YYCHUIO JTUHAMHUKH
1 Hay9HOMY TTOJXOIy K TPOSKTHPOBAHUIO W KCIUTyara-
IUH MapyCHBIX CyA0B HACTOJBKO BEJIUK, YTO 110 JAHHOMY
HaIPaBJICHUIO PETYISIPHO MPOBOJATCS KPYyIHbIE KOH(De-
permmn. Kpome Toro, mapycHas TeMaTHKa PETYISIPHO
«IPUCYTCTBYET» HA HAYYHO-TEXHHUUYECKUX KOH(EpeHIIH-
SIX 110 THAPOJMHAMUKE, TPOCKTUPOBAHHIO CYJIOB H T.]I.

HEJIb PABOTBI — norydenue GyKCHPOBOYHOTO
COTPOTHUBIICHHUS] KPEHCEPCKO-TOHOYHBIX SXT C IIOMOIIBIO
BBIYMCIUTENBHON THAPOJMHAMUKN U MOJICJIBHBIX DKCIIe-
PUMEHTOB.

N30 KEHUE OCHOBHOI'O MATEPHAJIA

Jlist M3ydeHHs: XOMOBBIX Ka4eCTB SIXT MPUMEHSIOTCS
CIICIYIOIIHE METO/IBIL:

1. Cucrematudeckue IejeHanpaBieHHbIe HaOI0e-
HUS 32 IOBEJICHUEM SIXT BO BPEMsI COPCBHOBaHHI M Kpeli-
CepCKUX IIABAHMHN B pa3IMYHBIX YCIOBHUAX BETpPa U BOJI-
HCHUSL.

B »TOM ciy4ae MONE3HBIMH SIBISFOTCS CIICIYIOIINE
CBE/ICHUS.

[TonoxeHue XTI OTHOCHTEIIBHO BETPa M COCETHHX
SIXT:

— KPEH;

— Apeiid;

— YTOJI IepEKITaIKU PYIIs;

— BOJIHOOOpa30BaHUE BOOOIIIE U, B Y4CTHOCTH, XapaK-
TEPUCTUKH HOCOBOM M KOPMOBOH CHCTEMBI BOJIH;

— OTHOCHUTENFHOE TIOJIOJKEHHE apyCOB.

2. BykcupoBOYHBIC HCIIBITAHUS HATYPHBIX SIXT.

3. MeTox MOIENbHBIX MCIBITAHUM KOPIIYCOB SXT
B OIBITOBOM OacceiiHe.

4. MeTtoibl BBIMUCIUTENBHON THAPOIMHAMMKH.

MonenbHBIC UCTIBITAHNS B OTIBITOBOM OacceifHe sIBIIsI-
FOTCSI HauboJIee JOCTOBEPHBIM CIIOCOOOM HCCIICIOBAHUS
THIPOAMHAMHYCCKUX XapaKTEPUCTHK KpeHCepcKo-TO-
HOuHBIX fAXT [1]. Ho B Hacrosmiee BpeMs Ha HepBOHA-
YalbHBIX 3TalaxX MPOSKTHUPOBAHUS JUIS MPEIBAPUTEIIb-
HOW OIEHKH XOAKOCTH Pa3NYHBIX BapHAHTOB ITPOEKTA
C IeJIbI0 0TOOpa HanboJIee yIOBICTBOPSIOIINX 3aIaHUIO
BAapHAHTOB HCIIOJB3YOT METOJBl BBIYUCIUTCIHHON TH-
nponuHamuku (CFD). OHM MO3BOJNSIOT pacdeTHBIM My-
TEM TMOJYYUTh TOJHYK KapTHHY OOTCKaHUs, CHJIOBOC
BO3/ICHCTBHE MTOTOKA HA TEJIO U 3aKOH €T0 JABWKEHUS [2].

Jliis uccienoBaHusl BIMSHUS OOBOIOB KpEHCEPCKO-
TOHOYHBIX SIXT OblJIa BeIOpaHa sixTa (mpoekt Esta 105), ko-
TOpasi UMEeT KJIaCCHYeCKue 00BoABI — Mozens 1 (puc. 1)
U, Clieays COBPEMCHHBIM TEHICHIIUSIM CTPOUTEIILCTBA
KpeiCepCKO-TOHOYHBIX SIXT — MOAeb 2 (puc. 2), KOTo-
past IMeeT COBpEMEHHBIE 0OBOJBI ¢ MPSIMBIM (HOPIITEB-



Puc. 1. Monens 1 (mpoekt Esta 105)

HEM, LIMPOKOH TpaHLIEBOM KOPMOW U CMEILIEHUEM LIEHTPA
BexmuuHbI (L[B) B kopMy ot munens. ['maBHO# 3amaueit
OBUTO MCCIIeJOBaHNE BIMSIHUS 00BOJIOB TaKMX KOPITYCOB,
HE U3MEHSISI BOIOM3MEIICHNE, HANOOIBITYIO JITHHY 1 IIH-
puHY SXTHI (Tabm. 1).

[lepBbIM 3Tamom wHcciieOBaHUS OBIIO TOJydeHUE
KPHBOM OYKCHPOBOYHOTO CONPOTHBICHUS TPH pas-
JMYHBIX CKOPOCTSIX XOJa C MOMOIIBIO IPOrPaMMHOTO
obecnieuenns Flow Vision, XoTopoe OCHOBaHO Ha KO-
HEYHO-00bEMHOM METOZE PEIICHWsS ypaBHEHHH T'MApO-
JMHAMHKH.

Jliist 3TOrO OBLIM CO3JAHBI BE TBEPAOTEIBHBIE MO-
JIeNi  KpeHCepCcKO-TOHOYHBIX AXT B cpexe Rhinoceros
(puc. 3—4), a Takxe o0macTh pacuera (puc. 5), co3ganHas
¢ TIoMo1IbI0 porpammsl iporpammsl CAD Solid Works.

Pe3ybpTaToM IIepBOro 3Tarna UCCe10BaHNs SIBISTFOTCS
KPHBBIE 3aBUCHMOCTH OYKCHPOBOYHOTO CONPOTHBICHUS
0T CKOpPOCTH X0a (pHc. 6), KOTOPbIE MOKA3aJIH, 9TO y MO-
JIe 2 CONPOTUBIICHUE YMEHBINAETCSl C yBEIWYEHHEM
CKOPOCTH TI0 CPABHEHUIO ¢ MOJIeNbIo 1 (Tab. 2), a Takxke
roJTyueHa KapTHHa BOJTHOOOpa3oBanus (puc. 7—38).

Puc. 3. TBepnotensHas mozens 1
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Puc. 6. Kpusbie OyKCHPOBOYHOIO COIPOTUBIICHHUS:

1 — mopens 1; 2 — momens 2
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Puc. 2. Mogeins 2

Taoauua 1. Tabnua gaHHBIX

Puc. 4. TBepaorenbHas Mojens 2

JlanHbIC Mopens 1 | Monens 2
JlnuHa HauOobIIas, M 10,5 10,5
Jmunaa o BJI, m 8,006 9,016
IluprHa HanboNbIIAs, M 3,66 3,66
Hlupuna o BJI, m 3,023 3,463
Ocanka, M 0,52 0,377
Bonousmerienue, kr 5000 5000
ITnomaap cMOYEHHON MOBEPXHOCTH, M? 18,54 22,435
[Tpu3marndeckuii ko3 dunueHT 0,538 0,534
Koaddunment ob1eii moaIHOThI 0,406 0,415
e A
E;quﬁ);::;HT TIOJTHOTBI TIIOIIA I 0,689 0.671
Otcrostnue LB cynna ot munens, m -0,158 —0,644

Puc. 5. O6nacts pacuera st Flow Vision

Ta6muna 2. JlanHble OYKCHPOBOYHOTO CONPOTHBICHHS B Flow
Vision

CKOpOCTb, Conpotusnenue, | ConpoTHBIIEHUE,
Y3J7IbI mozens 1, kH moxens 2, kH
3 0,12 0,11
6 0,48 1,4
10 6,25 4,6
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Puc. 7. Kapruna BorHooOpa3oBaHus Moxenu 1:
a — npu 3 y3nax; 6 — npu 6 y3nax; ¢ — npu 10 y3max

Puc. 8. Kaptuna BorHOOOpa3zoBaHust Mogenu 2:
a— npu 3 y3nax; 6 — npu 6 y3nax; 6 — npu 10 yzmax

BropbIM 3Tanom ObUIO SKCHEPUMEHTAIBHOE HCCIe-
JIOBaHNE BIUSIHUSI O0BOJIOB KPEHCEPCKO-TOHOYHBIX SIXT
Ha OYKCHPOBOYHOE COIPOTHBIICHHE.

JUi1s1 9TOr0 OBLTM M3TOTOBJICHBI IBE MOJIEIN B MACILTA-
6e 1:10 (puc. 9—10) u mpoBexeHa OYKCHPOBKA B OITBITOBOM
Oacceitne HarmionanpHOTO YHUBEpCHTETa KopalmecTpoe-
Hus uMeHu aamupana Maxkaposa (HYK) npu pazmmaabx
CKOPOCTSX X0/1a Ha THXOM Boze 6e3 yria apeiida [3].

OmprroBenii 6acceitn HYK umeer gmumy 32,5 M, mm-
puHy 2,5 M 1 BeIcOTY 1,5 M. B mporiecce MoiensHOTo KC-
MIEPUMCHTA 3HAUCHHS XapaKTEPHUCTHK ABMDKESHUS MOJIeTeit
ONPEIEIISIOTCS C TOMOIIBFO IATYMKOB IIEPEMEILCHHS H CKO-
pocrTeii U gaTdrKa onpeneseHust XonoBoro quddepenra.

Mogenu SXT H3rOTaBIMBAINCH 110 TEOPETUYECKO-
My ueprexxy. CHavanma Mmozens oOpabaTeiBanach Ha
KOITMPOBAIEHO-(PE3EPHOM CTAHKE OIIBITOBOTO 0ac-
ceitna HYK mno TteopermdueckuM BaTepnuHUsM. Jlanb-
Helmas 1opaboTka MOBEPXHOCTH MOJIENEH IPOBOIMIIACH
BPY4HYIO.

B pesynbpTaTe npoBENEHHBIX UCIIBITAHUI U IIEpecue-
T€ JaHHBIX Ha HATYpPy SKCIEPUMEHTAILHOTO HCCIIEI0BA-
HUSI COTIPOTHUBIICHUS BOIBI ABMKEHHIO Cy/HA, B OCHOBY
KOTOPOTO MOJIOKEHA TEOpUs] ANHAMHUYECKOTO ITTOM00MS
MIOTOKOB, OBUIN TIOJTyYCHBI KPUBBIE 3aBUCHMOCTH OyKCH-
POBOYHOTO COMIPOTHBICHHS OT CKOpocTH xoxa (puc. 11)
C KapTHHOI BOTHOOOpa3oBanus (puc. 12—13).

Puc. 9. Mogens 1
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Puc. 11. Kpusbie OyKCHPOBOYHOIO COMPOTHUBIICHHUS:

1 — Mogens 1; 2— Monens 2

Puc. 10. Mogens 2

Ta6auna 3. Jlanapie OyKCHPOBOYHOTO COMPOTHBIICHHUS B OITBI-
TOBOM Oacceiine

CKOpoOCTbh, ComnpoTuBieHuE, ConpoTusineHue,
Y3JIBI mozaens 1, kH mozaens 2, kH
3 0,0954 0,0913
4 0,175 0,195
5 0,317 0,366
6 0,562 0,644
7 1,483 1,244
8 2,998 2,268
9 4,971 4,312
10 6,127 5,724
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onc)
Puc. 12. BonmHooOpa3oBanue Mozenu 1 Ipu CKOPOCTH XO7a:
a—3y360—4y3;6—5y3;e—7y3;0—8y3;e—9y3.,;0c—10ys3.

oxc)

Puc. 13. BosHooGpa3zoBanne Mojenu 2 mpu CKOPOCTH X0/1a:
a—3y30—4y3;6—5y3;2e—Ty3;0—8y3;e—9y3.,;0c— 10 y3.
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BBIBOJBI. 1. B pe3ynbraTe NpOBENECHHBIX HCIHbI-
TaHWH OBUIN IOJYYEHBI KPUBbIC 3aBHCUMOCTH OYKCHPO-
BOYHOT'O COIPOTHUBIICHUSI OT CKOPOCTH XOZa JIBYMSI CIIO-
co0aMu: ¢ TTOMOIIBIO BEIYUCIUTENBHOM THIPOIHHAMUKH
1 MOJEIBHOTO 3KCIIEPUMEHTA.

2. Tlomyuena xapTiHa 00pa30BaHUSA BOJH NPH JIBU-
KEHHUH CyIHA C 33/1aHHOM CKOPOCTBIO.
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3. UcnpITaHns mOKa3aiy, YTO COMPOTHBICHUE MO/Ie-
JIM 2 YMEHBLIAETCsI 110 CPABHEHUIO ¢ MOJIEIbIO 1 Ha MH-
tepane 7—10 y310B Ha 15 %.

4. MakcuManbHOE OTKJIOHEHHE PEe3yJIbTaToB, MOTY-
YEHHBIX C MOMOIIBI0 Flow Vision 1 B OIIBITOBOM Oacceli-
He, 11 Moaenu 2 cocrasisgeT 25 %, a misgt mogenn 1 —
20 %.
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