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Puc. 10. 3anexnocti migitomuoi cunmu Cya BiJ KyTa aTaku o 1J1s Mozeneii kpuna 3 A =2 6e3 KAII
ta 3 KAII otprmanux B uncenbHOMY Ta (DI3UYHOMY €KCTIEpHMEHTaX

3anexnocti Ha puc. 10 ta 11 meMoHCTPYIOTh M00py 301KHICTH, IO BKa3ye Ha aaeKBaTHICTh
MaTeMaTHuHoi Mojeni. Takox mpupict koediuieHTy migioMHoi cuin npu BcraHoBieHi KAII na
KPUJIO € CITIB PO3MIPHHIM SIK TIPH (PiI3MIHOMY, TaK 1 IPH YUCETLHOMY €KCIIEPUMEHTI.
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Puc. 11. 3anexnocri migiomuoi cumm Cy, BIJ] KyTa aTaku o, i1 Mozenen kpuia 3 A = 3 6e3 KAII ta
3 KAII oTpuMaHuXx B 4uCeIbHOMY Ta (i3UYHOMY EKCIIEPUMEHTAX

Jlnst po3yMiHHS 3MiHM CTPYKTYPHU MOTOKY Ha IMOBEpPXHI Kpuja Oyll0 BUKOHAHO Bi3yalli3allilo
IIOTOKY Ha IIOBEPXHI KpHJla METOIOM IIOBKOBUHOK. CyTh METOAY MOJISITa€ B TOMY, 1110 IIOBKOBHHKA
HampaBJIeHa B3JIOBK BEKTOpY MicueBoi mBuakocTi. Ha puc. 12 npexacrasneni ¢otorpadii moaeni
kpuna 3 KAII i 6e3 KAII BcranoBiieHni B pobouiit yactuHi aepoauHamiuHol Tpyou T—1 XHVYIIC,
XapaKTepUCTHKH AKOi HaBeneHi B [13].

Puc. 12. ®otorpadis moaeni kpuia nogorxkeHHsM A = 2 6e3 KAII (3miBa) Ta 3 KAII (cipaBa) B
noBiTpstHoMy mtoTotti AJIT mix kyrom aTaku o =5 rpa.

199



HosiTHi TexHonorii, Buniyck 1(8), 2019

Po3smuti moBkoBuHKM Ha kpuiai 6e3 KAIl Bka3yioTh Ha HasBHICTb KIHIIEBOI'O BHUXODY.
Bceranosnennst KAII ycyBae KiHIIeBUI BUXOP 3 MOBEPXHI Kpriia. B Toli ske 9ac, He0OX1THO pO3yMiTH,
10 KiHneBwid Buxop cxoauth 3 KAII, ane meHmoi iHTeHCUBHOCTI. Bi3yaizallisi MOTOKY CBiTYHTH,
PO MPABHJIBHO 00paHy pO3paxyHKOBY CXEMY 1 BapiaHT CXO[y rnesieHu (puc.6).

BucHoBKH. 3acTOCOBaHA TEOPETUKO-EKCIIEPUMEHTaIbHA MeToIuKa aociikers AJIX BIUIA
Bepu(ikoBaHAa PIIICHHSIM TECTOBOI 3a7avi 3 BIOMHMH JaHHUMH, a TaKOX pe3yJbTaTaMu
aepoJIMHAMIYHUX BUMPOOYBaHb, IO J03BOJSE 3 JOCTATHHOKO JOCTOBIPHICTIO OIHUTH 3MiHy AJIX
kpun nipu BctanoBieHi KATIL Tak moxuOka mpu pirmeHHi TecToBoi 3a1a4i y Bu3HaueHHi AK ckianae
Bix 1 mo 10 %.

BusBnennss BmimBy 3actocyBaHHs KAIl BHKOHYBaJIOCh BHUKOPHUCTAHHSIM YHCIOBOTO 1
¢iznyHorO excnepumenty. Beranosneno, mo KAII 3MiHIOIOTH CTPYKTYpy Teuil Ha OBEPXHI Kpuiia
Ta 32 HAM, 0 MPU3BOAUTH 10 3MiHH AJIX, 1m0 OOYMOBJIEHO YCYHEHHSM KIHIICBOTO BHXOPY 3
MOBEPXHI KpHWJa Ta PO3MHUTTIO KOHIIEHTPOBAHOTO BHUXOPY TMO3aAy Kpuia. BHacIigok IhOTro
3MEHIICHHS 1HAYKTUBHOTO OTIOPY MepeBakae HaJ 301UIbIICHHSIM NPO(UIBHOTO OMOpY, 10 BHOCHTH
KAIIL 3wmiHa cTpykTypH Tedii Ha MOBEpXHI KpWiia 3MIHIOE PO3IMOALT HAaBaHTaKEHHsS B Iepepizax
KpuJjia, 10 MPU3BOAUTH 10 30UIbIIEHHS KOe(DIMieHTY MiANOMHOI cuiau. B pe3ynbrari 3a3HaueHuX
(bakTopiB aeporMHaMiuHa SKICTh Al KOMIIOHYBaHb Kpuiio — cripoiani KAII 306inbimena va 10 — 22
% y nopiBHsHHI 3 Kpriiom 0e3 KAIL.

B monmanpmmx MOCHIIKEHHSIX TUIAHYETHCS TMapaMeTPH4HI JOCHTIKEHHS BIUTUBY 3BY>KEHHS
cuipoinanx KAII Ha aepoamnamini xapakrepuctuku KAIL.
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I'nymenxo IL.A., [Tanun B.B., Macuk WU.IIL., 3azapubiii A.1O.

AHAJIN3 BJIMSAHUSA CITUPOUIHBIX KOHIIEBBIX ADPOINMHAMUYECKHUX
MOBEPXHOCTEM HA ADPOJIMHAMUWYECKHNE XAPAKTEPUCTUKU KPBIJILEB
JJIS1 MAJIOTABAPUTHBIX BECIIMJIOTHBIX JIETATEJIBHBIX AITITAPATOB
KOPABEJIBHOI'O BABUPOBAHUSA

Yenewnocmoy evinonnenus 3a0au Oecnuniomuuim 1emamenbHbiM annapamom no MOHUMOPUHZY
NOBEPXHOCU MOpPsi 8 UHMepecax CYOHA 8 3HAYUMENbHOU CMeneHu 3aeucum om OdlbHOCMU U
NPOOOINCUMENTLHOCIU  NOJIemd, HA KOMopbvle HeNnoCPeOCMBEeHHO 6usem a3poOUHAMUYECKOe
Kauecmeo, Kak J1emamenbHo20 annapama 6 YeioM, Mak U Kpblld, KAK OCHOBHO20 Hecyuje2o
s1eMeHma.

Oonum u3 cnoco6o8 yayuueHus a3poOUHaAMU4ecKo20 Kavecmea 6ecnuiomuo2o 1emamenbHo20
annapama, Komopulii He mpebyem 6HeCeHUs 3HAUUMENbHbIX USMEHEHUL 8 KOHCIMPYKYUIO, A6IAemcs
VCMAaHoGNIeHue KOHYEBblX adPOOUHAMUYECKUX NOBEPXHOCMel Ha  Kpblie ONd  CHUINCEeHUs
UHOYKMUGHo20 conpomusnenus. IllogvluieHue adpooOuHaMuyecKko20 Kauecmsed CO8PEeMEHHbIX
OecnunomHuIX J1emameibHblX annapamos ¢ Yelbio YMeHbUeHUs 3ampam dHep2ul, U KaK cleocmsue,
yeenuyeHue OaIbHOCMU U NPOOOJIHCUMENbHOCIU NOJIeMd OCMAemcs aKmyaibHou 3adadel. B
Hacmosuee 8pems 3HAYUMeIbHO paACUUPUILACH chepa U KOTUYecmeo npuMeHeHUs: MAalo2adapummbix
OecnuIomMHbIX 1eMmamenbHbIX annapamos, 4mo CImumMyaupyem aKkmueusayuio pabom 6 HanpaeieHuu
VAYYULEHUST AdPOOUHAMUYECKUX XAPAKMEPUCTUK OAHHbIX JemamenbHblX annapamos. B ocnose
MemoOuKuU onpeoeneHus: adpoOUHAMUYECKUX XaPAKMEPUCTNUK KPbLIbEE OeleHUe 8O3HUKAIOUUX CUL
Ha ux cocmasgnaiowue 8 3as8UCUMOCMU OMm NPUpPoObl UX 803HUKHOBEHUA. TaK HOpMAalbHble CUbL
00ycnosnennvie pacnpeoeieHuem 0asieHus N0 NOBEPXHOCMU XOPOULO PACCYUMBIBAIOMCS PeuleHUeM
3a0ay 0b6meKanus HeBA3KU HeCHCUMAEMOT CPeobl.

OOHUM U3 U3BECTNHBIX U XOPOULO NPOBEPEHHBIX HA NPAKMUKE MEeMO0008 peuleHUsl YKA3AHHbIX Gblilie
3a0a4 A61emcs. MOOUDUYUPOBAHHBLL MemoO OUCKPemHbIX suxpel. [[pyeoi 3adauell sensemcs
onpedenenue npogurbhozo conpomuenrenus.  Kax uszeecmno npogunvnoe conpomusnenue
00y CN06IEHO KACAMENbHbIMU CULAMU (CULAMU MPEHUS) U HOPMATbHBIMU (PAcCnpedeneHueM 0a81eHUs.
no nogepxHocmu Npouis), Komopvie MONCHO CUUMAMb NOCMOAHHbIMU NPU HEZHAUUMETbHbIX
U3MEHEHUSX Y2na amaxu.

Ilo  paspabomannoii  Mmemoouke ObIIO  U3VHUEHO  GIUAHUE  YCMAHOBNEHUS  KOHEUHbIX
A3POOUHAMUYECKUX NOBEPXHOCMEU U UX 2e0MempudecKux napamempos8 Ha CYMMAapHvle U
pacnpeoenennvle a’spoOUHAMUYecKUe XapaKkmepucmuki Kpblivbes. YCmanoeieHo, 4mo KOHYyegble
aA3poOUHaAMUYECKIUe NOBEPXHOCMU USMEHAIONM CIMPYKIMYPY MedeHusl Ha NO8ePXHOCU KPbLId U 3d HUM,
Umo npuoOUM K USMEHEHUIO AdPOOUHAMUYECKUX XAPAKMEPUCMUK, YMO 00)CN08NIEeHO YCMPaHeHueM
KOHY€eB8020 8UXPs C NOBEPXHOCMU KPbLIA U PASMbIIMOCHU KOHYEHMPUPOBAHHO20 8UXPSL NO3A0U KPbLIA.

B pesynbmame ymenvuienue uHOYKmMuGHO20 CONpomugieHus npeobaadaem HAO yeeaudeHuem
npo@uUILHO20 CONPOMUBNIeHUsl, KOMOpoe 6HOCAM KOHYesble a3POOUHAMUYECKUEe NOBEPXHOCMU.
H3zmenenue cmpykmypol meyeHuss Ha NOBEPXHOCMU KPblLIA U3MeHsem pacnpedeneHue Hazpy3Ku 8
CeueHUsx Kpblild, Ymo Npueooum K yeeaudenuio kodgguyuenma noovemnou cunsl. B pesyromame
VKA3AHHBIX (hakmopos aspoouHamuieckoe Kauecmeo 0isi KOMRNOHOBOK KPbLIO - CNUPOUObL YEENUYEHO
Ha 10— 22% no cpasnenuio ¢ Kpvliom 6e3 KOHYe8blX adPOOUHAMUYLECKUX NOBEPXHOCTELL.
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Knrouesuvie cuoea: KOHYeesbvle ClSpOdLlHdMM‘l@CKLle noeepxHocmu, GSPOOMHGMMlleCKMe
xXapakmepucmuku, becnuniomuvie  nemamesibHble annapdamaol Kopa6efsz020 6a3up06aﬂuﬂ,
susyaiuzayusd nomoka.

Glushchenko P.A., Panin V.V., Masik I.P., Zazarny A.Yu.
DEFENITION OF THE AIRDYNAMICS CHARACTERISTICS OF WING WITH
WINGTIP DEVICES FOR SMALL SIZE SHIP-BASED UNMANNED AIECRAFT
VICHICLE

The success of the tasks performed by an unmanned aerial vehicle for monitoring the sea surface
in the interests of the vessel largely depends on the range and duration of the flight which are directly
affected by the aerodynamic quality of both the aircraft as a whole and the wing as the main carrier
element. One of the ways to improve the aerodynamic quality of an unmanned aerial vehicle which
does not require significant changes in the design is to establish end aerodynamic surfaces on the
wing to reduce inductive drag. Improving the aerodynamic quality of modern unmanned aerial
vehicles in order to reduce energy costs and as a result increasing the range and duration of the flight
remains an urgent task. At present the scope and number of applications of small-sized unmanned
aerial vehicles has significantly expanded which stimulates the intensification of work towards
improving the aerodynamic characteristics of these aircraft. The methodology for determining the
aerodynamic characteristics of the wings is based on the division of arising forces into their
components depending on the nature of their occurrence. So the normal forces caused by the pressure
distribution over the surface are well calculated by solving the problems of flow around the residual
of an incompressible medium. One of the well-known and well-tested in practice methods for solving
the above problems is a modified discrete vortex method. Another task is to determine the profile
resistance. As is known the profile resistance is caused by tangential forces (friction forces) and
normal (pressure distribution over the profile surface) which can be considered constant with minor
changes in the angle of attack. According to the developed methodology the influence of the
establishment of the final aerodynamic surfaces and their geometrical parameters on the total and
distributed aerodynamic characteristics of the wings was studied. It has been established that the
end aerodynamic surfaces change the flow structure on the wing surface and behind it which leads
to a change in the aerodynamic characteristics which is caused by the elimination of the tip vortex
from the wing surface and the blurring of the concentrated vortex behind the wing. As a result a
decrease in inductive resistance prevails over an increase in the profile resistance that end
aerodynamic surfaces contribute. Changing the flow structure on the wing surface changes the load
distribution in the wing sections which leads to an increase in the lift coefficient. As a result of these
factors the aerodynamic quality for wing layouts - spiroids is increased by 10-22% compared to a
wing without end aerodynamic surfaces.

Keywords: wingtip devices, aerodynamics characteristics, ship-based unmanned aircraft vehicle,
stream visualization.
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