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AHoTAaliA

[losicHroBanbHa 3amucka 10 Marictepcebkoi auceptamii  «JlocmimkeHHs
OaslaHCyBaJIbHUX BTPAT JITAIBHOIO arlapaTa CXeMHU «TaHAEM»» MICTUTh 83 CTOPIHKHU
TekcTy, 51 imocTpanito Ta 14 610aiorpadiuHuX MOCUIAHb.

Metorw poboTH € TOoCiKEeHHs OalaHCyBaJbHUX BTpAT JIITAIBHOTO amapara
CXEMH «TaHJIeM» Ha OCHOBI OIIIHKH €(DEKTUBHOCTI HOTO OpraHiB KEpyBaHHS.

[IpoBeneHo ormisii aHajoriB JITaIbHHUX anapariB aepoAMHAMIYHOI CXEMHU
«TaHJAEM» Ta BU3HAYCHO i1 MepeBaru 1 HeJIOMIKHU.

BukoHaHo po3paxyHOK aepoOAMHAMIUYHUX XapaKTEPUCTHK JIITaJIbHOTO
amapata «A-8» CXeMHu «TaHAEM» MpU MEBHUX BIOXWIEHHS pyJisi BUCOTH, SKUAN
pPO3TalIOBAaHO HA MEPEHbOMY KPHIIi, 32 IOIOMOTOI0 MPOTrpaMHOro 3a0e3MedeHHs
XFLRS. TlopiBHSHO pe3ynbTaTH PO3PaxyHKY 13 pe3ysbTaTaMH €KCIIEPUMEHTY B
aepoIMHAMIYHINA TpyOi.

[IpoanaiizoBaHO BETMYMHY CTYTEHS MMO3/I0BXKHBOT CTIMKOCTI JIITaKa Ta BIIUB
BIIXWJICHHS PyJsS BHCOTHM BHHU3 1 Bropy Ha KOeQIUIEHT MiAIMManbHOI CHUIM Ta
Koe(]illieHT MOMEHTY TaHTa)ka IIPH KyTax aTaky B eKCIUTyaTalliiHoMy jaiana3oHi (2°
Ta 6°). KibKiCHO BU3HAYEHO BIUTUB IHTEpQEpeHIlli Kpuia Ha €(eKTUBHICTh PYJIiB
BUCOTU. Po3paxoBaHo OaslaHCyBajbHI BTPaTH JJIi TOPU3OHTAIBLHOTO MOJIBOTY MPHU
MaKCHMAJIbHIN aepoIMHAMIYHIN SIKOCTI.

Hagano pekoMeHpgamii 1100 JOLUJIBHOCTI BHUKOPUCTAHHS  3arajioM
nporpamHoro 3ab6esneueHHss XFLRS Ta 30kpemMa KOHKpPETHHX MaTE€MaTHYHHX
Mojiesiell pH owiHIl €(EeKTUBHOCTI PYJIiB BUCOTH, PO3TAIIOBAHUX HA MEPEIHBOMY
KPHWJI1 JITAJIBHOTO arnapaTa CXeMHU «TaHAEeM.

KirouoBi cioBa: OGanaHcyBalibHI BTpaTH, €(EKTUBHICTH pPYJIiB BHUCOTH;

JiTanbHUM anapat cxemu «rangem», XFLRS.



Abstract

The explanatory note to the master's dissertation «Research of tandem-scheme
aircraft balancing losses» contains 83 pages of text, 51 illustrations and 14
bibliographic references.

The aim of the work is to study the balancing losses of the aircraft of the
tandem scheme based on the assessment of the effectiveness of its controls.

A review of analogs of aircraft of the aerodynamic scheme "tandem" and
identified its advantages and disadvantages.

The calculations of aerodynamic characteristics for a tandem-scheme aircraft
“A-8” with a selected forward wing elevator angle using XFLRS software. The
results are compared with wind-tunnel data.

The analysis included longitudinal stability evaluation and an investigation of
the impact of elevator position (in the range from 2° to 6°) on lift and pitching
moment. On top of that, the impact of wing-wing interference on the elevator
effectiveness is taken into account as well: the effect on lift coefficient is slimer,
while the effect on pitching moment is larger compared to a typical, isolated, wing.

Additionally the paper focuses on recommendations on whether XFLRS
software is practically suitable for solving the problem and, especially, on specific
theoretical models when evaluating the forward wing elevator effectiveness for
tandem-scheme aircraft.

Key words: balancing losses, efficiency of rudders; tandem-scheme aircraft,

XFLRS.
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BUCHOBKU

B mepmomy po3auni mpoBeAeHO OIJIAA JITAlNbHHUX amapaTiB Ha 0asi
HETPAIUIIHOT aepoIMHAMIYHOI CXEMHU «TaHJIEM» TPOTITOM BCHOTO dYacy
aKTUBHOTO PO3BUTKY aBIalllfHOI TEXHIKW. BU3HAYeHO 3acamu NIt BUKOPUCTAHHS
TAKOTO TUITy KOMIIOHYBaHHS, HOTO MepeBaru Ta HEJAOMIKH Yy MOPIBHIHHI 3 THIIMMHU
cxeMmaMH. 3’sICOBaHO, [0 Yy JIITAJbHUX anapaTiB TAaHJIEMHOI CXeMHU HasiBHA ITepeBara
y Jlanma3oHl LEHTPYBaHHSA Ta IMOB3JOBXHbBOI CTiiikocTi. [IpoTe BOHM MaroTh
MOCEPEIHIO IISAXOBY CTIHKICTh 1 3HAYHUI PO3HOC MaCH I10 TTOB3I0BXKHIHN OCi.

B apyromy po3mii mpoBeaeHO OTJISIT METO/TIB 3HAXO/KCHHS a€POIMHAMIYHUX
KOe(QIII€HTIB JITaJIHLHOTO arapary CXeMHU «TaHAEeM» JJIs BU3HaYCHHs €(eKTUBHOCTI
Horo opraHiB KepyBaHHs Ta OajaHCyBaJlbHMX BTpar. Hailbinbm ToyHHUM Ta
e(pEeKTUBHUM METOJOM € TIPOBEJCHHS EKCIEPUMEHTIB B aepOAMHAMIUHINA TPyOI.
[TpoTe Takuii croci6 BUMarae 3Ha4HOTO 3aracy rpoIIOBUX PECYPCiB Ta 4acy Ha OTo
BUKOHAHHS Ta 00pOOKY pe3ysbTaTiB. AHAJIOrOM € O0YUCITIOBaIbHA aepoIMHAMIKa —
CHeIliaibHI MaKeTH MNPOTrpaMHOro 3abe3MeueHHs, K1 J03BOJSIOTH MOJAENIOBATH
IPOIECH OOTIKAHHS 3a JOMTOMOTOK0 KOMIT FOTEPHOT TEXHIKH.

B TperproMy po3aisii BAKOHAHO PO3PAaXyHOK aepoJMHAMIYHMX KOe(illi€HTIB
OpU PI3HOMY BIIXHWIECHHS PYJIIiB BHCOTH JITAIBHOTO amapary «A-8» cxeMmu
«TaHAEM» IJI1 CUCTEMH JBOX KPHJI 3a JOMOMOTO) METOJa BHXPOBOI PEIIiTKH 3
nigkoBoromioanmu  (VLM1) Tta «kinmpreBumu Buxopamu (VLM2) Tta #oro
1301bOBaHOTO  Kpwiia. Pe3ynapTar po3paxyHKy TpeicTaBieHud rpadikamu

3aJIE)KHOCTI OCHOBHMX aepojiMHaMivHux koedinientis: ¢ (a),¢,(c,),m_(a), K(Q).

B derBepTOMy pO3aAUTI MPOBEAEHO MOPIBHAHHS PE3YJbTATIB PO3PAXYHKY
aepoJIMHAMIYHUX Koe(iIleHTIB JiTaka «A-8», sKi OTPMMAHO 3a JOIMOMOTOIO
nporpamu XFLRS, 13 pe3ynbratamMu eKCriepuMeHTyY B aepoArHaMiuHii Tpyoi. bymno
KUIBKICHO BCTAHOBJICHO BIUIMB 1HTepdepeHii Kpuil (CKIC MOTOKY Ha 3aJHbOMY
KpuJii) Ha eektuBHicTh PB: Acy, Meniue Ha 17%, a Am,, Guibuie Ha 26%, 4uM Juis
1301b0BaHOTO Kpwia. [[1s omiHkd eQEeKTUBHOCTI pyJiB BHUCOTH BIIHOCHO
Koe(]illleHTy MiAiMMaIbHOlI CHJIM Ta MOMEHTY TaHTra)xka IpH MalluX KyTax
BIIXWICHHS pyJsisg BHU3 (10 10°) MOXHAa PEKOMEHAYBaTH MaTEeMaTUYHY MOJEIb
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kimbreBux BuxopiB (VLM2 ab6o Ring Vortex), ame B ’XogHoMy pasi He
nigkoBonoAiOHux BuxopiB (VLM1 a6o Horseshoe Vortex).

B m’stomy pozaini po3pobieHO cTtapTam MpOEeKT MI0J0 MPOSKTyBaHHS Ta
BUPOOHUIITBA OE3MUIOTHUX JITAJbHUX amapariB CXEeMH «TaHAeM». Bu3HadueHO
OCHOBHUX KOHKYPEHTIB PUHKY Ta MOTEHIIMHUX KJI1€HTIB. OnucaHo caabKi Ta CUJIbHI
CTOPOHH 1/1€1 Ta pO3pOOJIECHO CTPATETIUHHM TUIaH peati3allii.

[Tomanpmmii HaMPSIMOK JTOCII/PKEHb MOJSITa€ y BU3HAUYEHHI €(EKTUBHOCTI
PYJIiB BUCOTH 32 JOMOMOTOI0 aHATITHIHOTO METOAY Ta BUCOKOPIBHEBOTO YHCIOBOTO

MeTony (Ansys) 1 MOPIBHSIHHS OTPUMAHUX JTaHUX 3 €KCIIEPUMEHTATbHUMH.
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