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AnHoTanus. Paccmarpusaetcst nposeneHHsIi B 2020 1. Ha akBaropny HoBOCHOMPCKOro BOJOXPAHIIIAINA HATYPHBIH
CONOCTaBHUTEINBHBIN SKCIEPUMEHT 110 OJHOBPEMEHHOMY JApeiidy MecTH MOPCKHX CIacaTeNbHBIX INIOTOB BMECTHMO-
CTBIO 1O 6 YenoBek. Kakaplil 1ot cHaOXacsi OMHUM M3 pa3paboTaHHBIX ruapoauHaMudeckux sskopert (I'15); oqun
IUIOT MMeJI INTAaTHBII MapallloTHBIN MIaByYUi SKOpPb; OJUH IUIOT HE MMeJ HUKAKUX CPEJCTB NPEJOTBPALICHUS ApEi-
¢ba. OnuH U3 Dy4IIMX Pe3yJIbTaTOB M0 CHIKEHUIO CKOPOCTH Apeiiha mokaszal KpblIbeBOH THIPOANHAMHYECKHUIT IKOPb.
Jlns pa3paboOTKH METOAOB MpOeKTUpoBaHus Takoro poxa ['/IS mpoBemeHo ompexneneHHe THAPOIMHAMUYECKUX CHII
B MIPSIMOM ONBITOBOM Oacceiine CHOMPCKOT0 TOCyIapCTBEHHOTO yHUBepcHTeTa BoaHoro Tpancnopra (CI'YBT) meto-
oM OYKCHPOBKH C pa3HBIMH CKOPOCTSIMH U yriaMu aTaku. 1o mpoBeneHHBIM B IpsiMoM onbiToBoM Oacceiine CI'YBT
ucnsiTanmsaM /]S momydens! ko3GUIEeHTH ruapoanHamMudecknx cwl. OtmedeHo, uto I'JIS] u3rorosieH B Haty-
palbHYIO BEIMYUHY, YTO He TpeOyeT IepecdeTra 10 KPUTEePHSAM IOA00Ms; 3HAUCHUS KOI(Q(UIMEHTOB ITOKAa3hIBAIOT
HEeCTaOMIIbHYIO 3aBUCHMOCTh OT CKOPOCTH OYKCHPOBKH, YTO OOBSICHEHO BIIMSHHEM MOTPENIHOCTEH IKCHEepHMEHTAIb-
HOTO METO0JIa U MTOTPeb0BaI0 OCPEIHEHUS pe3ynbTaToB. 11 000CHOBAaHHS BO3MOXHOCTH IIPHMEHEHHST METO/Ia OCPE-
HEHHMS MPHUBJICUCHBI PE3YNIbTaThl YHCIEHHOTO MoaeaupoBanus padotsl I'[I51, npoBenennsie B mporpamme Ansys Flu-
ent, KOTOpbIe BBIABHIM BechbMa Cialbyro 3aBUCHMOCTh KO3(GQUIMEHTOB OT CKOPOCTH MOTOKAa. Ha 3TOM OCHOBaHMU
HPHHATO PELICHUE O BO3MOXKHOCTH OCPEIHEHHS KO3 (GUIIMEHTOB, OTHOCAIIMXCS K CKOPOCTSIM MOTOKa v > 0,2 M/c, pu
KOTOPBIX pa3bpoc 3HaueHuit K03 PUIMEHTOB CpaBHUTEILHO HeOombIIoH. OcpeHeHHbIe 3HAUeHUST KO3 DUINEHTOB,
MOJTYYEeHHBIX B (PU3MUECKOM IKCIIEPUMEHTE, alllIPOKCHMHUPOBAHEI B CBOMX JHAINa30HAX YIJIOB aTaK¥ KBaJpaTUIHBIMA
MIOJIMHOMAaMH JUISL CTIIQXKUBAHUS PE3yNIbTaTOB M OOJIETYeHHsI HX HCIIOJIb30BAHUS B MATEMaTHIECKUX MOJIEISIX PaOOTHI
yCTpoMcTBa.
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Abstract. The article considers a full-scale comparative experiment conducted in 2020 in the water area of the Novo-
sibirsk reservoir on the simultaneous drift of six marine life rafts with a capacity of 6 people each. Each raft was
equipped with one of the developed hydrodynamic anchors (HDA); one raft had a standard parachute floating anchor;
one raft had no means of preventing drift. The wing hydrodynamic armature showed good results in reducing the drift
velocity. To develop design methods of this kind, hydrodynamic forces were determined in the direct experimental ba-
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sin of the Siberian State University of Water Transport (SSUWT) by towing with different speeds and angles of at-
tack. According to the tests conducted in the direct experimental pool of the police Department, HDA the coefficients
of hydrodynamic forces were obtained. It is noted that the HDA is made in full size, which does not require recalcula-
tion according to similarity criteria; the values of the coefficients show an unstable dependence on the towing speed,
which is explained by the influence of errors of the experimental method and required averaging of the results.
To substantiate the possibility of using the averaging method, the results of numerical modeling of the work of HDA
carried out in the Ansys Fluent program are used, which revealed a very weak dependence of the coefficients on the
flow rate. On this basis, a decision was made on the possibility of averaging coefficients related to flow velocities
v> 0.2 m/s, at which the spread of coefficient values is relatively small. The averaged values of the coefficients ob-
tained in the physical experiment are approximated in their ranges of angles of attack by quadratic polynomials to
smooth out the results and facilitate their use in mathematical models of the device operation.

Keywords: hydrodynamic anchor, physical experiment, coefficients of hydrodynamic forces, approximation of empi-
rical coefficients, the drift of the raft
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BBenenne

B pamkax mpoOneMbl COBEPIICHCTBOBAHUS CPE/ICTB
MPEIOTBPALICHUS ONPOKHUIBIBAHUSA W yMEHBIICHHS
npeiia cracaTeNbHBIX IUIOTOB C IIETBEO CHIDKCHHS
pHicKa THOENH CHacalomIuXcsi M YCKOpPeHHS WX OOHa-
pYXKCHHS TMPU TPOBEICHUH MMOMCKOBO-CIACATEIBHBIX
onepannit B @PT'BOY BO «Cubupckuii rocynapcTseH-
HBIH yHHBepcUTeT BojgHOoro tpancrnopta» (CI'YBT)
B 2019-2022 rr. BRIMIONHANACH paboTa, MOAAEpPKaHHASL
rocynapcTBeHHbIM 3aka3zoM Ne 110-00018-21-00 Ha
2021 r. B aT0if paboTe B KauecTBe OCHOBHOTO paboue-
ro OpraHa s TPEeIOTBPAINCHHsS ONPOKHUIBIBAHUSI
IUIOTa Ha KPYTHIX BOJHAX C OMPOKHABIBAIOIIAMCS
rpeOHEM NPEAIOKEHO WCIONB30BaTh SIKOPS TMPHUCO-
ennHeHHON Maccel (AIIM), a mig mpenoTBpameHus
npeiida — runpoauHamuueckue sikops (IJ151). Paspa-
00TaHO, M3TOTOBJICHO W WCIBITAHO HECKOJBKO Pa3HO-
BUJIHOCTEH TAaKUX SKOPEH; 4acTb M3 HUX 3allMILEHA
maTeHTaMHu Ha u300perenus Poccuiickoit denepanuu
[1-4]. dns obecriedeHNs] BO3MOKHOCTH BCIUTBIBIIEMY

CracaTeJIbHOMY IUIOTY OCTaBaThCsi BOJIM3M MECTa TH-
Oenu cynHa paspaboTaHa KOHCTPYKLMSI KOHTeHHepa
s pa3MmeleHus miora u ero I'JISl, mpensapsromas
pasBepTbIBaHue U Hauyayo padotsl 'S eme 1o okoH-
YaHWS Mpoliecca ra3oHanoIHeHns wioTa [5]. Paspabo-
TaHa TaK)Ke KOHCTPYKLMS IJIs1 CTaOMIN3aluK JHaMeT-
panbHOM MockocTH I'J15 OTHOCHUTENBHO HANPABIEHUS
npeiida rrora [6]. Takum o6pazom, pazpaboTaH HE0O-
XOAMUMBI MHHHMYM TEXHHUYECKHX CPEACTB, oOecrie-
YHMBAIOIIUX PAaOOTOCIIOCOOHOCTH CHCTEMBI CHHIKEHHS
Ipetica mora.

HatypHbIii CONOCTABMTEJBHBIH 3KCIHEPHUMEHT
no apeiidy mjioros

MHorue HIOAHCHl pealbHOH pabOTBI CHCTEMBI
«UIOT — TPOC — SKOPB» yIanoch 0OHAPYXUTh U OCO-
3HaTh B Ipolecce mposegeHHoro Ha HoBocnbupckom

BOJIOXPAHWIMIIEC HATYPHOTO COMOCTaBHUTEIHHOTO IKC-
nepumenTta 2020 T. 0 0JHOBpEeMEHHOMY Apeidy mie-
CTH cHacaTeNbHBIX I0ToB [7] (puc. 1).

Puc. 1. Ipefi¢ naoToB BO BpeMs COMOCTABUTENBHOIO SKCIIEpUMEHTa Ha HOBOCHOMPCKOM BOJOXpaHUINILE

Fig. 1. Drift of rafts during a comparative experiment at the Novosibirsk reservoir
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B xome HaTypHOTO COMOCTaBUTEIBHOTO AKCIIEPH-
MeHTa Ha HoBoCcHOMpPCKOM BOJOXPaHWIHIIE MO Jpeid-
¢y IUIOTOB, OCHAIICHHBIX PA3HBIMH YCTPOWCTBAMHU
CHIDKEHUsI Jpeiida, BKIOYAs IITaTHOE B BUIC IOJI-
BOJHOTO TMapalllOTHOrO KyIona, Ui JAajdbHEeHIINuX
uccnenoBanuii BeiOOp man Ha [ /IS, comepkamimii

TBEPAOTENbHBIE KPBUIbS U3 THYTOTO JIHCTa C OTPaHHU-
YUTEJISIMH YIJIOB TOBOPOTa KpbuibeB [1]. OOmwuii By
9KCIIEPUMEHTAILHOTO 00pasia kpeiibeBoro I'JI51, co-
CTOSIIEro U3 TpexX Kuiel, MexTy KOTOPbIMU YCTaHOB-

JIeHBl JB€ Hapbl THYTHIX JINCTOBBIX KPBUIBEBBIX IIPO-
¢uneii, npuBeneH Ha puc. 2.

Puc. 2. O0muit BuI SKCIIepUMEHTAILHOTO 00pa3na kpsurbeoro I'JIS

Fig. 2. General view of the experimental wing sample HDA

OOocHOBaHHE 3KCIEPHMEHTAIBHBIX HCCJIEN0-
BaHHUIi THAPOANHAMHUYECKOT0 IKOPS

IToMuMO TPOJOIHKEHUSI TEXHHYECKOTO COBEPILICH-
crBoBanust [ 1], mampHelimme paboTBI HEOOXOIMMO
BECTH B HANPABJICHUH CO3JAHMS METOIOJIOTHH ITPOEKTH-
poBanus I'IS1 ¢ 3agaHHBIMK IapamMeTpaMy KOHEYHOTO
pe3yibTaTa o cHiKeHuro apeiida miora ¢ I'J]5. B atom
HalpaBJIeHUH BO3HHUKAET 33/1a4a pa3padOTKU MaTeMaTH-
4eCKOW MOJIEINH, ONMKCBIBAIOIEH B3aUMOJAEHCTBUE Kayda-
IOIIEroCsl Ha BOJIHEHWHU U Jpei(yroiero moy neicTBy-
€M BeTpa U BETPO-BOJIHOBOTO TEUEHUs IUIOTAa M B3aHMO-
JIEUCTBYIOLIETO C HHUM uepe3 sKopHbI Tpoc I'JIS.
B »TOM B3auMoOneHCTBUN ONpEAEISIIONIas poilb MPUHAM-
JIEXUT THAPOANHAMHUYECKAM CHJIaM, BO3HUKAIOMINUM Ha
I'151 npu ero nepeMereHun IKOPHbIM TPOCOM.

TeopeTndeckoe oOmpenelcHHE THUIPOIUHAMHIYE-
CKUX CHJI BCJICACTBHE MOJHOW HECTAIlMOHAPHOCTH
JIBIDKEHUSI MOXKHO OTHECTH K 3a/iauaM HeOJIM3Koil mep-
CHEKTHBBI, 4 WH)XEHEPHBbIE METOJbl NMPOEKTUPOBAHUS
HYXKHBI yXe B HacTosuee BpeMms. s ompeneneHus
THAPOJMHAMUYECKUX CHJI ITOHAJ00MIIOCH NPOBEICHUE
CHeNMaNbHO MOCTABIEHHBIX 3KCIIEPUMEHTOB B IPSIMOM
onbiToBoM Oacceitne CI'YBT ¢ pasmuunbiMu 00pas3-
namu ['JIS], BBINOJIHEHHBIMM B HATYPHYIO BEIUYHUHY
¢ ¢ dexTHBHOI mIomanE0 0kos1o 0,4 M (pHc. 3).

£

-

08.12.2022 11:23

Puc. 3. Ucnpitanus onsITHOTO 00pasna kpeuibeBoro 'S
B oneIToBOM Oacceiine CI'YBT: MOMEHT mpOTsKKU
kpsutbeBoro I'J[51 Ha pabouem xomy

Fig. 3. Tests of the prototype of the wing housing HDA
in the experimental pool of the SSUWT: the moment
of pulling the wing housing HDA on the working stroke

ITo »Toit mpuunHe He TpeOyeTcs mepecyera CKOpo-
CTel OYKCUPOBKH, M OHH HA3HAYAIKCH B COOTBETCTBHUH
CO CKOPOCTSIMH OpPOWTAJBHOTO [BHXKCHHUS IUIOTA Ha
BOJIHCHHH B Pa3HBIX (pa3ax ero nepuoja.
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O0padoTKa pe3yIbTAaTOB IKCIEPHMEHTOB

O0paboTKka IKCIEPUMEHTOB, MPOBEACHHBIX B OIbI-
TOBOM OacceifHe sl ONpeAeNeHHs THUAPOAWHAMUYC-
CKHX CHJI U MOMEHTOB Ha KpbuibeBoM ['JIS1, cBuaerens-
CTBYET O 3aBUCHMOCTH KO3()(PHUIIMEHTOB THAPOAUHAMU-
yeckux cuil (KI'C) ne Tonbko ot yrna araku o I'JI5,

ky, paGounii xox
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OCOOCHHOCTh 3aBHUCHMOCTH MPOSBUIIACH B TOM,
49TO HamOoJiee HECTAOMIIbHBIMU OKA3alHCh 3HAYCHHUS
KI'C mpu ManbIx CKOpOCTSX MOTOKA v, TOTAA KaK MpH
CpeIHHX U BBICOKUX cKopocTsax 3Hadenus KI'C mocra-
TOYHO Onu3ku (puc. 4).
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Puc. 4. Koadgdumuent nomepedHoit cuisl ky(a, v) B PU3NIECKOM IKCIEPHMEHTE:
a — B TMana3oHe yIiIoB ataku pabouero xoxa ['JI51; 6 — B quamaszoHe yrioB ataku xonoctoro xona ['J151

Fig. 4. The coefficient of transverse force ky(a, v) in a physical experiment:
a — in the range of angles of attack of the working stroke of the HDA;
6 — in the range of angles of attack of the idling stroke of the HDA

CpaBHEHHE C aHAJIOTUYHOW 3aBUCHMOCTEIO, ITOITY-
YeHHOW B YHCIIEHHOM OJKCIepHMEHTe [8], mpoBeIeH-
HOM ITyTeM pEIIEeHUS 3aMKHYTON CHUCTEMBbI YpaBHEHHM
Hasre — Crokca, ypaBHEHHS HEpa3pbIBHOCTH, ypaBHE-
HUSI COCTOSIHUS CpeIbl W ypaBHeHHs OanaHca TOITHOM
sHepruu B makete Ansys Fluent [2], ompenenuio, dro
3apucuMocTh 3HaueHuit K['C oT ckopocTd moOTOKa
HE3HAYMTENbHA (PUC. 5), YTO TO3BOJIAET OCPEIHSTH
sHayenuss KI'C mo apryMeHTy CKOpOCTH MOTOKa V.
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ITockonmbKy YHCNEHHBIH HKCIEPUMEHT TOXE HMEET
OIPaHUYEHHYI JOCTOBEPHOCTb M3-32 OrpaHUYEHUN
nporpaMMm Taketa Ansys Fluent mo momyctumomy
YHCITy sYeeK pa3OueHus CIUTOITHON CpelIbl, H3-3a TIpe-
obOpasoBanust ypaBHeHuit HaBbe — CTOKca B ypaBHe-
HUs PeliHonbaca M Mcnonb30BaHUs TUNOTE3bl byc-
CHUHECKa IIJIsl MOICTUPOBAHUS SBICHUU TypOYJIECHTHO-
CTH, €r0 pe3yibTaThl TaKXKe HEOOXOJMMO MPOBEPSTH
(hU3NIECKUM IKCIIEPHUMEHTOM.
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Puc. 5. Koa¢pdurnuent nonepeunoit cuiisl ky(0, V) B YUCICHHOM SKCIEPHUMEHTE

Fig. 5. The coefficient of transverse force ky(o, v) in a numerical experiment
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B 1O xe BpeMs pe3ynbTaT YHCICHHOTO SKCIICPH-
MeHTa 0 mpakTuueckoil HezaBucumocTd KI'C ot cko-
POCTH TIOTOKAa MOXKET OBITh HCIIONB30BaH B (pU3UUC-
CKOM DJKCIepUMEHTE (MMEIOIEM CBOM Mpeleibl J0-
CTOBEPHOCTH) KaK HEOOXOIMMOCTH OCBOOOAWUTH pe-
synbtaTel K['C OT BIUSHHSI CKOPOCTH V, HallpUMEp
nytem ocpeaHenus 3HaueHud KI'C mo ckopoctu.
W Bo3HHKaeT BOmpoc O TOM, ISl KaKUX CKOPOCTEH
JOITyCTAMO OCPEIHEHHUE, TIOCKOJBKY JTO CBA3aHO
C TIOTPEITHOCTHIO TTOTYYaeMBbIX CPETHUX BEITUINH.

B pesynbTate ananuza Bcero maketa BesmmauH KI'C
kx, ky, km x ocpennenuto npuasaTel KI'C, monxydeHHbIE
Ha cKopocTsax v > 0,2 m/c.

AnnpoxkcumManusi Ko3(pPUIMEHTOB THAPOIUHA-
MHYECKAX CHJT

Ocpennennbie 3HaueHus KI'C sxemaTtenbHO HMETh
B aHAJIMTHYECKOM BHUJIC XOTs ObI B MPAKTUYCCKU AKTY-
ATLHOM JIMATIA30HE YIJIOB aTAaKU (.. DTOT JHUAIA30H s
pabouero xoaa I'/I5 onpenenen B mpenenax o= 45 + 90°,
a JUIs XOJOCTOro XojAa B mpeaenax o = 315 + 360°.
ATmIpOKCUMAIus MPOBEICHA KBAJPATUIHBIM IOJIHMHO-
MOM BHIa

k=ao®+ bo+ c,
rae a, b, ¢ — k03pPUIUEHTHI aNIPOKCUMAIIHH, TOTY-

YEeHHbIE CIIOCOOOM HAMMEHBIIMX KBAIPATOB MO OCpEl-
HeHHbIM 3HaueHusM KI'C (Tabmuia).

Ko3¢puunents! annpoxkcumMannn Ko3¢ppuuueHToB ruIpoAMHAMHYECKHX CHJI,
OCpe/IHEHHBIX N0 CPeIHHM 1 BBICOKHM CKOPOCTSM OYKCHPOBKH

Coefficients of approximation of the coefficients of hydrodynamic forces averaged over medium

and high towing speeds
Koy puumnenTsl annpokcumManuu
Koa¢ppuuuent cui Bun aBuxkenus Jduana3on a P b c
. Pabounit xon 45 +90° —0,000295 0,049853 —0,790234
XomocTo# Xon 315 +360° —0,000110 0,075549 —13,466018
o Pabounii xoxn 45 +90° —0,001167 0,172871 —6,709887
XonocToit X0 315 +360° 0,000460 —0,337709 65,331868
k Pabounit xoxn 45 +90° —0,055082 6,694316 —157,043826
" XomocTol Xon 315 +360° —0,005884 4,068123 —702,020606
I'papuueckoe cpaBHEHHE OSKCIEPUMCHTAJBHBIX  BAHHBIX 3HAYCHHIA MPEJCTABICHO Ha pUC. 6.

ocpenHeHHbIX 3HaueHnid KI'C w uX anmmpokcHMHpPO-

Annpoxcumanus kx, padbounii xox
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Puc. 6. Anmpoxcumanust k03¢ GUIUESHTOB THAPOANHAMHIECKHUX CHII kX, ky, km B nuama3oHe yrioB ataxu ['JI5:
a — anmpoxcuMars kodddunnenta kx, pabounii xox; 6 — anmpokcuManus kKod3GUIUeHTa kx, X0JIOCTOH X011

Fig. 6. Approximation of the coefficients of hydrodynamic forces kx, ky, km in the range of angles of the HDA attack:
a — approximation of the coefficient kx, working stroke; 6 — approximation of the coefficient kx, idling;
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Fig. 6 (Ending). Approximation of the coefficients of hydrodynamic forces kx, ky, km in the range of angles
of the HDA attack: ¢ — approximation of the coefficient ky, working stroke; 2 — approximation ky coefficient, idle stroke;
0 — approximation of the km coefficient, working stroke; e — approximation of the km coefficient, idle stroke

3ak/roueHue

Takum oOpazom, pesynbraT annpokcumannu KI'C
MO3BOJIIET CIVIAANTh HE MMEIOMNi (U3NYECKOTO
000CHOBaHUSI (KpOME IIOTPEIIHOCTeH OSKCHEepHUMEH-
TaJILHOTO METO/a) pa3dpoc SKCHEPHMEHTAIBHBIX 3HA-
yenuit KI'C. AnanuTtnyeckas ¢opma npeacTaBIeHUs

HEJTMHEWHBIX 0 CBOeH (u3mdueckoil mpupoae Kodg-
(MLIMEHTOB THAPOJMHAMUYECKUX CHJ YNPOILAET HpH-
MEHEHHE pe3yIbTaTOB HKCHEPUMEHTA NPH MaTeMaTH-
4eckoM MojenupoBaHuu padotel '/ B cocrtaBe cu-
cTeMBI «IUIOT — Tpoc — I'JI5I».
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