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AHHOTALIUS

JumiomHas pabota coaepxkut: 59 crpanun, 39 pucynkos, 50 dopmyn, 36
HCIIO0JIb30BAHHEIX HCTOYHMKA.

Kimrouesie cnoa: KOH®OPMHBIE ITPEOBPA30OBAHU A, ADPOANHAMNYECKUE
KODOOUIIMEHTHI, KPBIJIOBBIE ITPOOUIIN, HO3BYKOBAS CKOPOCTb, PACYET
ABPOJIMHAMUNYECKHNX [TPO®UJIEN B ANSYS FLUENT.

JurutomHass paboTa TOCBSIIEHA WCCIICIOBAHUIO OOTeKaHUs mpoduieli MOTOKOM
UJIeATbHOM HEC)KMMAEMOM KUIKOCTH Ha JO3BYKOBBIX CKOPOCTSIX.

HenssMu TUTIIOMHOW palOTHl SBIAIOTCS: AHAJIMTHYECKUE WCCIIENOBaHUS OOTEKaHUE
npoduneil mogoOHBIX KPbUIOBBIM METO/0M KOH(OPMHBIX OTOOpa)K€HWH, MOCTPOCHUE JIMHUN
TOKa; YUCJICHHBIEC PacueThl B IporpaMmMHOM MoyJie Ansys Fluent asponnnamudeckux nmpoduiiei,
COTOCTABJICHUE PE3yJbTaTOB C AHATUTUYECKUMHU M OKCIEPUMEHTAIBHBIMH  JIaHHBIMU,
onpeneneHne Ko3PpGUIIUEHTOB COMTPOTUBIICHHS U MOHEMHOM CHIIBI.

Jnst mocThKEeHHsT 1EeIed MCIOIb30BAIUCh: MOJEINU HACATHbHON HECKUMAEMON Cpedbl C
HEOOXOAMMBIMU TPAHUYHBIMH YCJIOBUSIMU; TE€OPUS] KOMIUICKCHOTO TOTEHITHANA IS TUIOCKHUX
TEUEHUHW W METOJI KOH(DOPMHBIX OTOOPKEHHM ISl aHAIUTUYECKUX HCCIICIOBAHUN OOTEKaHUS
KpBUIOBBIX ~ mpoduiaeil B BHAE ITUIACTHHKM W DJUIMIICA;  PE3yJIbTaThl  M3BECTHBIX
AKCIIEPUMEHTAIILHBIX UCCIICIOBAHUN TSI BEPUPUKAIIUH.

B nmurmiomHo# paGoTe moaydeHbl CIeyoNue Pe3yabTaThl:

® (000CHOBAaHO KCTOJB30BAaHUE MOJIENICH TCUCHUS UICATLHON HEC)KMMACMOU CpeIbl IS
pacdeTa TeueHui Ha cKopocTsax 1o 130 m/c;

® COIOCTaBJICHBI PE3YJIbTAaThl YUCIECHHBIX PACYETOB OOTEKAHMs IUTACTHHKH, AJUIUIICA U
KPBUIOBOT'O ITPOMIIIS ¢ SKCIEPUMEHTATBHBIMU U aHATUTHICCKUMHU JAHHBIMH, KOTOPBIE
Mpu OJIM3KUX TapaMeTpax TCYCHHS AT YIOBJICTBOPUTEILHOE COOTBETCTBHE;

® [IPOBEJCHBI pacueThl W CPaBHCHWS JIMHUHW TOKAa i1 CHMMETPUYHBIX U
HECUMMETPHUYHBIX KPBUIOBBIX Tpoduiield Mo pa3IuyHBIM YIJIOM aTaKd IMOTOKOM
HACATbHOM U BA3KOM JKUJIKOCTEH;

e [IpoBeaeHo cpaBHeHHWE TpadUKOB  a’pPOJUHAMHUYECKHX  KOIPQPUIIMEHTOB U
a’pOJIMHAMUYECKOTO0 KayeCcTBa, IMOTPEIIHOCTh MEXIy OKCIEePUMEHTAIbHBIMU H
pacueTHbIMHU JaHHBIMU cocTaBiisieT 30%.

JumiomHas paboTa MMeEET NpaKTHUECKHWE MPWIOKEeHHs. B 4yacTHOCTH, pe3ylbTaThl
HCCIIEIOBAaHUI MOTYT OBITh MCIONB30BaHBI JJIS adpPOJUHAMHYECKHX PACUETOB OECHUIOTHBIX
JeTaTeNbHBIX annapaToB.

JlumiomHasi paboTa BHIMIOJHEHA aBTOPOM CaAMOCTOSATEIHHO.

Pe3ynbTaThl MccneqoBaHUN JOKIAABIBATUCH HA §1-011 HAyYHON KOH(EPEHIINU CTYJCHTOB

u acriupaHToB bI'Y.



AHATALBIS

JpimnoMuaas mpama 3Mmsindae: 59 craponak, 39 imroctpaneii, S50 dopmyn, 36
BBIKAPBICTAHHBIX KPBIHIII.
Kmouasbie crnossl: KAH®OPMHBISI ITEPAVTBAPOHHI, ADPAJIBIHAMIYHbIA
KAD®IIBIEHTBI, KPbBUIOBBISA TIIPO®UIL, HOAT'YKABASA XVYTKACIb, PA3JIIK
ADPAJIBIHAMIYHBIX [TPODIIIY YV ANSYS FLUENT.
JIpITIioMHas TIpara npeICBeYaHa JaciieIaBaHHIO a0IIKaHHS POy MmaTokam i1danbHai
HecIICKaJIbHal BaJKaclil Ha JarykaBbIX XyTKaCLsX.
Mbrami  JpIIJIOMHAM  mpanpbl  3'SyJsiollla aHaATITBIYHBIS JaciefaBaHHl aOIsKaHHE
npodinsy mafoOHBIX KPBLIaBbIM MeTaaM KaH(OPMHBIX aJII0CTpaBaHHsAY, NadyA0Ba JiHIN TOKY;
JiKaBbl pas3nmiki Y mparpamHeiM  Moayni  Ansys Fluent aspanpiHamiuHbIX mpodinsy,
cynacTtayJeHHE BBbIHIKAY 3 aHATITBIYHBIMI 1 SKCIIEPHIMEHTAJIbHBIMI J1aJ[3¢HBIMI, BBI3HAYDHHE
Kad(ilpleHTay CympaliBy 1 nmaj'€éMHail Cijbl; yJIK YIUIBIBY IJieikacii Ha (opMy JiHIH TOKY 1
a’paIbIHaMIYHbBIX Kad(ilbleHTay.
JI1st macrTHEHHS MAT BBIKAPBICTOYBAIICS: MRl I/[daIbHAra HECI[ICKaJIbHAra acsipoia3s 3
HeabXOo/IHBIMI MeXaBbIM1 YMOBaMi; TIOPBIS KOMIUIEKCHAra MaTIHIBIUTY M TUIOCKIX IJIBIHAY 1
MeTaa KaH(QOPMHBIX aTFOCTpaBaHHSAY I aHAITBIYHBIX JacieIaBaHHy aOITKaHHS KPBIJIaBhIX
npodiIsAy y BBITIISAA3€ TUIACIIIHKI 1 3JIINCA; BBIHIKI BAIOMBIX SKCIIEPHIMEHTAIBHBIX JTacieABAHHSY
JUTs BEphI(iKaIbIi.
VY npiriomHai padorie aTpbIMaHbl HACTYTTHBIS BBIHIKI:
® a0rpyHTaBaHa BBIKAPBICTAHHE MAJRIIAY TUIBIHI 119aIbHara HeCIlicKallbHara acsipoia3s
JUTSI pa3JIiKy TUTBIHAY Ha XyTKacusx aa 130 m/c;

® cymacTayJIeHbl BBIHIKI JIIKABbIX pasilikay aOIsKaHHS IUTACIIHKI, AJTiIca 1 KpblilaBora
podiss 3 IKCIIEPHIMEHTAIBHBIMI 1 aHATITBIYHBIMI IAA3EHBIMI, SKisl TPBI OJT13KiX
napaMmeTpax IJIbIHI Jarollb 3JaBAIbHIIOUYIO alaBeIHACIIb;
® [IpaBeI3CHBI Pa3IiKi 1 mapayHaHHI JiHIHA TOKY JJIs1 CIMETPBIYHBIX 1 HECIMETPBIYHBIX
KpBUIABBIX MPODUIAY Mal pO3HBIM KyTOM Haray CTpyMEHEM 13aibHal 1 rieikai
BaJKaclli;

® mpaBeq3eHa napayHaHHe rpadikay adpaablHaMIYHBIX Kad(ilbleHTay 1
al’pajJibiHaMIYHaK AKacIli, XiOHACIb MMaMiXK SKCIIEPhIMEHTAIbHBIMI 1 Pa3TiKOBBIMI
nan3enbiMi ckiagae 30%.

JIpInioMHas mpaiia Mae IpaKThIYHbIS TPLIKIalaHHl. Y MpBIBAaTHACIII, BBIHIK]
JacieaaBaHHSAY MOTYIb OBII[b CKApPBICTaHbI JJIsl a3paJAbIHAMIYHBIX pasiiikay OecHiIOTHBIX
TSTANbHBIX anapartay.

JIpITiIoMHas mpalia BEIKaHaHA ayTapaM caMacTOWHa.

Brrniki nacnenaBaHHsy nakiaaBaiics Ha 81-aif HaBykoBal kKaH(epAHIIBIi CTYIPHTAY 1
acmipanray bJ{V.



ANNOTATION

The thesis contains: 59 pages, 39 figures, 50 formulas, 36 sources used.

Keywords: CONFORMAL MAPPING, AERODYNAMIC COEFFICIENTS, AIRFOILS,
SUBSONIC VELOCITY, CALCULATION OF AIRFOILS IN ANSYS FLUENT.

The thesis is devoted to the study of the flow of airfoils by the flow of ideal fluid at subsonic
velocities.

The targets of the thesis are analytical research of airfoils by method of conformal
mappings, constructing streamlines; numerically calculating aerodynamic airfoils in the software
module Ansys Fluent, comparing the results with analytical and experimental data, determining of
drag and lift coefficients; considering the influence of viscosity on the shape of streamlines and
aerodynamic coefficients.

To achieve the aims, the following were used: analysis of the velocities of the wing flow
with ideal medium on its compressibility; models of ideal incompressible medium with necessary
boundary conditions; the theory of complex potential for plane flows and the method of conformal
mappings for analytical research of the airfoil flow in the form of a plate and an ellipse; the results
of known experimental studies for verification.

In the thesis the following results were obtained:

e The use of an ideal incompressible flow models for calculating flows at velocities up to
130 m/s has been substantiated.

e The results of numerical calculations of the flow of a plate, an ellipse, and an airfoil are
compared with experimental and analytical data, which give a satisfactory fit at close flow
parameters.

e Calculations and comparisons of streamlines for symmetric and asymmetric airfoils at
different angles of attack by the flow of ideal and viscous fluids have been carried out.

e Comparison of plots of aerodynamic coefficients and aerodynamic quality has been carried
out; the error between experimental and calculated data is 30%.

The thesis has practical applications. In particular, the research results can be used for

aerodynamic calculations of unmanned aircraft.

The thesis was carried out by the author independently.

The results of the research were reported at 81st scientific conferences of students and

PhD students of BSU.



