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The main stages of the development of the discrete singularities method are described.
Modern results on the numerical solution of boundary hypersingular integral equations
by the methods of collocations and piecewise constant approximations are given.

The modern going near planning of aerodynamic design outline of transport vehicles
conditionally can be divided into three stages: engineering approaches are close, de-
sign on the basis of methods of discrete singularities, approaches that are base on in-
tegration of complete and the Reynolds-averaged of Navier-Stokes equations. On the
first stage various engineering approaches are used for forming of aerodynamic out-
line, going out a requirement specification and requirements of customer.
Close geometrical and aerodynamic descriptions are determined in the first. An aero-
dynamic outline is formed in the first close. On the second stage it follows to use more
difficult models of aerodynamics on thebasis of various approach-
es that is built on the model of ideal liquid. Bearing properties are determined, power
and moment characteristics for the corresponding outline of aircraft. The third stage is
most difficult and expensive cost. On this stage it follows to use methods and models
that are base on equations for turbulent flow.

The second stage is in-process considered —as means of the previous planning of
aerodynamic arrangement with the use of methods of discrete features. A non-
stationary chart in that tearing away is designed from all sharp edge of wing is in-
process used. This chart has the most general case of forming of process of flowing
around of the bearing system of aircraft. However complication of physi-
cal interpretation of forming of such processes in the conditions of ideal liquid remains
problematic. The necessities of practice require expansion and deepening of theoreti-
cal approaches for the study of non-stationary.

Application of model of ideal liquid for the calculation of the bearing system of a
perspective transport vehicle allows to set forth aerodynamic task as task of Neumann
for equalization of Laplace. The calculations of the bearing systems of difficult geo-
metrical plane form are conducted. Dependences of carrying capacity and longitudin-
al moment are got depending on the corner of attack and distance to the ground clear-
ance.

A computational experiment confirmed, that a method of discrete vorteces was one
of important methods of computational aerodynamics. He is effective means for un-
tiing of a number of aerodynamic tasks.

Key words: mathematical simulation, aerodynamic configuration, aerodynamic characteristics,
numerical simulation, method of discrete vorteces.
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A.B. Coxaupkuit

JIIOBAaHHSI Ha OCHOBI METOJIB O0COOIMBOCTEH, MiXOH II0 OCHOBYIOTHCS HA IHTETpY-
BaHHI ITIOBHUX Ta OcepeHeHNX 3a PeltHombacom piBHsaHHAX Hap’e-Crokca.

Ha nepmroMy eramni BHKOPHCTOBYIOTHCSI Pi3HOMAHITHI IHXKEHEpHI Miaxomu 1yt Gop-
MYBaHHS aepOANHAMIYHOTO 0OpHCY, BUXOISYHM 13 TEXHIYHOTO 3aBJAHHS Ta BUMOT 3a-
MOBHHUKA. Bi3Ha4yaoThCs B mepiuoMy HaOJIMKeHI TeOMETPUYHI Ta aepoAWHAMIYHI Xa-
paktepucTuki. PopMyeThcs aepoAWHaMiYHUM 0Opuc B mepmioMy HaOmwkeni. Ha
JIpyroMy eTami CiiJ BUKOPUCTOBYBATU OiNBII CKIAAHI MOJEIN aepoAMHAMIKU Ha OC-
HOBI PI3HOMAaHITHHX MiJXO/iB, [0 TOOYIOBaHI Ha MOJENI ifeanbHol pinquau. BusHa-
YarTHCS HECYYl BIIACTHBOCTI, CHJIOBI Ta MOMEHTHI 3aJIC)KHOCTI JIJISl BiITIOBITHOTO 00-
pHCy JiTaIBHOTO amapara. TpeTiii etan € HalOIBII CKIQIHIM Ta JOPOTO BAPTICHUM.
Ha npomy erani ciiii BUKOPUCTOBYBAaTH METOH Ta MOJEII, [0 OCHOBYIOTHCS Ha PiB-
HSHHAX U TYpOYJIEHTHUX TEUiil.

B poboti po3risiHyTO ApYruil eTam - gK 3acid momepenIHbOro MPOeKTYBaHHS aepOaU-
HaMIYHOTO KOMIIOHYBAaHHS 3 BUKOPHCTaHHSAM METOJiB AUCKPETHUX ocoOiIMBoCTeld. B
poOOTi BUKOpHCTaHA HECTALIOHAPHA CXEMA, B AKi MOJENIOETHCS BIIPUB 3 YCIX TOCT-
pux Kpaiok kpwia. Ll cxema mMae HaifOUIbII 3aradbHUN BUMAIOK GOopMyBaHHS IpO-
necy oOTiKaHHS HECydoi CHCTEMH JITaNbHOTO amapara.  [Ipore ckimagHicTs ¢iznd-
HOI iHTepnpeTanii (JopMyBaHHS TaKUX IPOIECIB B YMOBAaX iZleIbHOI PIANHA 3aJIHIIa-
€TbCsl pobneMaTnyHuM. [loTpebn MpakTHKK BUMAararoTh PO3MIMPEHHS Ta MOTJIHO-
JICHHS TEOPETUYHUX MiIXO/1B JJIsl BUBYCHHS HECTAI[lOHAPHHUX TEUild.

3acTocyBaHHA MOJEI ieadbHOI PIAMHE IS pO3PaxyHKy HECydoi CHCTEMHU TepCIeK-
THBHOTO TPAaHCIOPTHOTO amapara J03BOJs€ c(OPMYITIOBaTH aepOJHHAMIUHY 3agady
sk 3amaqy Heiimana nis piBasHEs Jlamnaca. [IpoBeneHO po3paxyHKH HECYUUX CHCTEM
CKITaZHOT reoMeTpuyHOi popMmu B maHi. OTpUMaHO 3aJISKHOCTI MiAIHMaNBHOT CHIIH Ta
MO3IOBKHBOTO MOMEHTY B 3aJIC)KHOCTI BiJl KyTa aTakd Ta BifcTaHi g0 3emii. O0umc-
JIFOBAIGHUIM €KCIIEPUMEHT MiATBEPAUB, 0 METOA JUCKPETHHX BHXOPIB € OJHUM 3
BRXJIMBUX METOJIIB OOYMCITIOBANGHOI aepoAuHaMiki. BiH € eeKTHBHUM 3ac000M
JUISL PO3B’SI3yBaHHS LIJIOTO PsAY aepOAMHAMIYHUX 3a1a4

Knwouosi cnosa: mamemamuune MoOen08anHs, aepoouHamiuie KOMROHYBAHH, aepOOUHAMIUHI
XAPAKMEPUCIMUKY, YUCTI08e MOOCTIOBANHSI, MeMO0 OUCKDENHUX GUXOPIS.

1. Beryn

JocnimkeHHsl aepoArHaMiKa MEPCHEKTUBHUX TPAHCIIOPTHUX amnapariB 3 TOUKH 30py Me-
TOJy TUCKPETHUX OCOOJIMBOCTEI MOYKHA PO30UTH Ha HACTYIIHI TPYIIH:

1. CramionapHiit miaxig. B mpomy miaxoni nepeadavyaeThcsi HASIBHICTD BUXOPOBOL
Tedii B CITiJi Ta BiJICYTHICTh HOCOBOT BUXOPOBOI menenn [1-2]. Takwii miaxim nmpuaat-
HUHA 711 PO3paxyHKy aepojuHamiuHuX xapaktepuctuk (AAX) 3 mpodimsoBaHUMH
NepeHIMU KpalikaMHi HECYYHX CHCTEM Ha PeKHUMaXx, MPH SKUX HEMAeE 3arajlbHOTo Bij-
pUBY Tediil Ha iX oBepxHi. Ha 0CHOBI 1[bOT0 TiAX0y MOXYTh OyTH BU3HAYEHI Helli-
HiliHI CTamioHapHi acpoJMHAMIYHI XapaKTEPUCTHKH, MO TOB’si3aHi 3 (GOpMYBaHHIM
BUXOPOBOI TeEJIEHHW, N0 CXOJIUTh Ha OOKOBMX Kpaiikax. Bkazana BHXopoBa TejeHa
3TOPTAETHCS B BUXOPOBI /UKTYTH. B 11bOMy mizixo71i mependadeHo 3HaYHI KYyTH aTakKw,
BIZIXMJICHHS] HOCOBHX PYJIbOBHX IIOBEPXOHb, 3MiHA F€OMETPil HECYUHX ITOBEPXOHb.

2. CramioHapHa cxeMa Hecy4ol MOBEpXHi, B sIKii mepeadavyeHuii cXiJl BHUXOpPOBOI
nesieHy 3 nepenHix kpaiok. L{sg cxema nependadae oOTiKaHHA HECYYHX CHCTEM 3 KpPH-
JaMH HEBEJIHMKOro BUIOBXKeHHs [1]. ®opma B MIaHi TaKuX Kpuil OJIU3bKa 10 TPUKYT-
HOi. B peanbHUX Tedisx Taka CTPYKTypa Tedii criocTepiracThCst Ha Kpuilax 3 TOCTPUMH
nepeHiMU KpaiikaMu Ta MaJiol0 BiTHOCHOIO TOBIIMHOIO. /0 TakMX CXeM Hecydux
MIOBEPXOHb € 3alliKaBJICHICTh (PaxiBLiB Yy 3B’SI3KYy 3 MO3UTHBHUMH €(PEKTaMHU 3pOCTaH-
HS Hecydux BiacTHUBOCTEW. Llei edeKT MOSCHIOETHCS MiJCMOKTYIOUOIO €I HOCO-
BUX BHUXOPOBHX JDKIyTiB. Taka cxema MOJIENIOBaHHS NpPUAATHA JUISI PO3PaXyHKY
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KPUJIEBUX CHUCTEM CKJIaTHOI (DOPMH B IUIaHI, KOJIU BiIPUB BiIOYBa€THCS TUTHKHM HA Ya-
CTHHI HECY4HX cHCTeM. Tedisi TAKOro XapakTepy CIIOCTEpiracThCs MpH HAsIBHOCTI TOC-
TPUX MEPeHIX KpaloK Ta Mayiol BiTHOCHOT TOBIIMHH KpHJIa

3. HecramionapHa cxema, B SKid HE MOJEITIOETLCS BIIPUB 3 TEPEIHBOI KPAMKH
kpwia [1]]. Tlepexiani mporecu B TEUisiX 3 TaKOK CXEMOKO BHIYT 10 CTaIliOHApHOT
rpannyHoi Teuii. Illo cnocTepiraerbess B cxemax 0e3 HOCOBOI BHXOPOBOI TIEJICHH.
IIpore gana cxema MOAETIOBAaHHS JTO3BOJISIE JOCIIKYBAaTH HECTamiOHapHi Tedii 3 ¢o-
PMYBaHHSM BUXOPOBOTO CIIiIy Ta HOTO €BOJIOIII].

4. HecramionapHa cxema, B sIKii MOJIEIIOETHCS BIIPUB 3 YCiX TOCTPUX KpaHoK
kpuia [1-3]. L[ cxema Mae HaWOiIBII 3aralbHUME BUMAA0K (OPMYBaHHS MpoIiecy 00-
TIKaHHA HECYJOl CHCTEMH JITAFHOTO anapara. B Hili MOAEMOI0ThCA BiIpUBHA TEUis
Ha BCiX Kpaikax Kpuia 3 (OpMyBaHHAM HECTALlIOHAPHUX TPaHUYHUX pPEKUMIB. B
TaKMX CXeMax Tedill MOKYTh HaKIagaTucsi OOMEXKEHHS Ha BiJCYTHICTh BTOPHMHHHUX
BimpuBiB mOTOKy. IIpoTe ckmamnicTes (¢i3mgHOI iHTEepmperarii (GopMyBaHHS TaKHUX
MPOIECIiB B YMOBax ilealbHOI PiAMHM 3anumaeTbesi mpobiemarnynoro. lloTpebu
IMPAKTHUKW BUMArarOTb pO3IIHUPEHHA Ta HOFJII/I6J'I€HHSI TCOPECTUYHUX HiIIXOILiB JJIs1 BU-
BUCHHSI HECTAIlIOHAPHUX TeUiil. PO3BUTOK OOUMCITIOBAIIEHOI TEXHIKH Ta METOIIB MO-
JISTIOBaHHS OyAe CIpHATH PO3BUTKY OOUYHMCIIOBANBbHOI aepoawHaMikw. Llimwii psin
pOOIT mpUCBSIUCHUI MUTaHHAM (HOPMYBaHHS Ta PYHHYBaHHS BUXOPOBOI MEJICHH B PO-

6orax [1-5]

2. CyyacHi MeTOIM BU3HAYEHHSI AePOIMHAMIYHUX XapaKTEePHCTHK TPAHCIO-

PTHHX anaparis.

CyuacHi mIxoad A0 MPOCKTYBaHHA aepOIMHAMIYHOTO OOpPUCY TPaHCIOPTHUX 3aco0iB
YMOBHO MOKHa PO3AUINTH HA TPpU CTAIIN:

- HaOmKeHl 1HXKEHEpHI MiIX0o[H,

- MOJICJIOBAaHHS HA OCHOBI METO/IiB 0COOIHMBOCTEH

- MiJXOIU IO OCHOBYIOTHCS Ha 1HTErpyBaHHI MOBHHUX Ta OCEPEIHEHUX BapiaH-

TiB piBHsSHL Hap’e-CToKCa.

Ha mepmromy erarti BUKOPUCTOBYIOTHCS PI3HOMAaHITHI 1H)KEHEpHI miaxomu s ¢o-
PMyBaHHSI aepOAMHAMIYHOIO OOpHCY, BUXOMSYH 13 TEXHIYHOTO 3aBAaHHS Ta BUMOT
3aMOBHWKa Bu3HA4alOTHCS B MEpIIOMY HAOJNMKEHI T€OMETPHUYHI Ta aepoWHaMIYHI
XapaKTePUCTUKH, (POPMYETHCS OOPHC B TIEPIIIOMY HaOJIMKEHI.

Ha apyromy etami ciiiji BAKOPUCTOBYBATH OLIBII CKJIJHI MOJENI aepOIMHAMIKH
Ha OCHOBI PI3HOMAHITHHUX MiAXO/IB, 110 MO0YA0BaHI HA MOJIEII ineanbHOl piauHu. Bu-
3HAYAIOTHCS HECY4i BIACTHBOCTI, CHJIOBI Ta MOMEHTHI 3aJIeXHOCTI /ISl BIATIOBITHOTO
0o0puCy TpaHCTIOPTHOTO 3ac00y.

Tperiit eran € HaWOUTBII CKIAIHUM Ta JOPOTo BapTicHMM. Ha 1mpomy erami ciin
BUKOPUCTOBYBAaTH METOJH Ta MOAEJNI, [0 OCHOBYIOTHCSI Ha PIBHAHHAX AJIs1 TypOyJeH-
THUX TEYiH.

CyudacHi mixoau 10 MOJICITIOBaHHs TypOYJICHTHUX TE€Yiil Ha OCHOBI MOJIEINI B’ SI3KOT
piIMHN YMOBHO po3aiyisifoTh Ha Tpu piBHi: Direct Numerical Simulation - DNS, Large
Eddy Simulation - LES, RANS,Reynolds Averaged Navier - Stokes — RANS.

3. MeToa mpoeKTYBaHHS aepOAHMHAMIYHUX OOPHUCIiB MepCNeKTHBHUX TPAHC-
NOPTHHX ANAPATiB 3 BAKOPUCTAHHSM CHUHIYJISIPHUX iHTerpajJbHUX PiBHSIHD.
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Jns po3B’si3yBaHHS 3a7a4 3 Bu3HaueHHS AJ[X JTiTaNbHHX amapartiB 3pyYHO BUKOPHC-
TOBYBaTH TaK 3BaHi MaHeJIbHI METOU. BOHM € YHCIOBUMH METOlaMH, sIKi 0a3yIOThCS
Ha BUKOPHCTaHI IUCKPETHUX OCOONMBOCTEH THITy BUXOD, JKepeso Aumois. Ha Bigmi-
Hy Big meroxis Computational Fluid Dynamics modeling (CFD) muckperusariisi mpo-
BOJIMTHCS HE TIO BCill pO3paxyHKOBIiil 007acTi, a TUTBKH N0 TIOBEPXHI JIITATHHOTO ara-
para. [loBepxHs JiTaNbHOTO amapara MOKPUBAETHCS YOTUPUKYTHUMH MaHEISIMU 3 CHU-
HTYJSIDHUMH €JIeMeHTaMHU. Yl Pi3SHOBUIM MaHEIbHUX METOIIB, III0 BUKOPHUCTOBYIOTh
Pi3HI AMCKPETHI OCOOIHMBOCTI, MPUBOISATHCS JO PO3B’A3yBaHHS piBHAHb Opearorsma
II pony. HaiiGinbin moBHI MeToAW iX po3B’sI3yBaHHS B AOAATKaX JI0 PiBHSHb MareMma-
THyHO1 (pisuku npuBosaThes B podoti UK. Jludaunosa [2-3].

Mertonu Bu3HaueHHS AJlX, 10 OCHOBYIOThCS Ha PO3B’sI3yBaHHI CHHTYJISIPHUX 1H-
TerpagbHUX piBHAHb € mnpocTimumu Big Metoaie RANS, DES, LES, DNS mpote
edpextuBHUME. [Ipu BUOOPI cxemu aepoanHaMiqHOT KOMIIOHOBKH JIA Hecyua cuctema
3aMIHSE€THCS HECKIHYEHHO TOHKOIO TIOBEpXHer0. Taki eleMeHTH KpHWII, SK paiiycu
OKpYyTJIEeHh TEepeAHiX KpailoKk MOXHA IOCHiIKyBaTH okpemo. Ha mepmomy erami
MPOEKTYBaHHSI po3paxyHku AJ[X Kpui mMaloro BHIAOBKEHHS MOXKHA IIPOBOIUTH 3
BUKOPHUCTaHHSIM TMPOCTH anreOpaiuHuX 3aIe)KHOCTEH, 10 BUKIANAIOTHCS B iHXKEHEp-
HUX OiIXO0Iax.

3amaya po3paxyHKy OOTiIKaHHS Pi3HOMAHITHUX TiJI, TPAHCHOPTHHX 3aco0IiB Ta ix
€JIEMEHTIB NIOBITPSIHUM ITOTOKOM € JIOBOJIi CKIIQJIHO0. 3aCTOCYBaHHs MOJIENI 11eanbHOT
piovHA IS pO3paxyHKY HECYYOi CHCTEMH MEePCHEeKTHBHOTO TPAHCIOPTHOTO arapara
J03BOJIIE C(OPMYITIOBATH aepOJIUHAMIYHY 3a1a4y sIK 3afady Heiimana st piBHSHHS
Jlammaca: [1-3]
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KoopauHaTaM Touku M mist Oynb sikoi (ikcoBaHoi Touku M.

PeanpHi 3ama4i aepogrHAMIKKM TPAHCIIOPTHUX 3ac00IB € HECTAI[lOHAPHUMH Ta
BiipMBHUMH. PO3ristHEMO BHIIaI0K, KOJIM TPAHCIIOPTHUH 3aci0, 10 OMHUCYETHCS MOBE-
PXHEI0 C1,  3HAaXOAWTBCS B HECTAl[iOHApHOMY  TOJi  IIBHUAKOCTEH
UO(I\/I ,t)= graduO(M ,t) . 3 kpuBOi L TOBEepXHi G CXOIUTH HECTAIIOHAPHUI CITi[

6,[2,3,6] Ha nmoBepxHi citify G, MOBUHHI BUKOHYBATHUCS YMOBH



XX MixHapoaHUH CUMTIO3iyM «MeTOoau TUCKPETHUX OCOOIMBOCTEH B 3a/1adax MaTeMaTHIHOT
¢izuxu/Discrete Singularities Methods in Mathematical Physicsy,
MJI03M®/DSMMPh-2021

p*(M )_ pi(M):o’ s M eo,, (4)
vV, (M)-V,(M)=0,

ne p+(M ), p_(M ) - THCK Ha BHUXOpPOBIM moBepxHi O, B TOouli M,
Vn+(|\/| ), \'A (M ) - MPOEKIIis BEKTOPA MIBUAKOCTI HA HOPMaJIb 10 BUXOPOBOT MOBEPX-

Hi 0, B Touri M.

Hecydua cucrema TpaHCHOPTHOTO amapara MOJICTIOEThCS MPHUETHAHUMU BHUXOPO-
BUMH paMKaMH. BinpuBHa Tedis MOACTIOETHCS HAa BCIX Kpaikax Kpuia 3 (popMyBaH-
HSM HECTAI[lOHAPHUX TPAHUYHHUX PEKHUMIB,

4. Pe3yabTaTH A0CiAKEHD

Po3pobieHo MeToauKy, aiaropuTM Ta KOMIUIEKC Iporpam po3paxyHky AJX Hecy-
YUX CHCTEM BIATIOBITHUX TPaHCIOPTHUX amapaTiB. Komruiekc mporpam Oyio mpoTec-
TOBaHO Ha LIJIOMY psiAl 3amad 3 Bu3HaueHHS AJIX Hecydmx CHCTEM TPaHCIIOPTHHX
amapariB [6]. Po3risiHyTo 1Ba THIH OOPHCIB HECY4Ol CUCTEMH MEPCIEKTUBHOTO TPaH-
CIIOPTHOTO amapaTa: Kpuia CKJIaJHOI TeOMeTpii 3 BiI’€MHOIO CTPLIONOAIOHICTIO, KPH-
Jla CKJIAJHOI TeOMeTpil 3 Bil’€MHOIO CTpiIOMoiOHICTIO KOHCoMeH. ['eomerpito Hecy-
YUX CHCTEMH CKJIaIHOI (JOPMH B IJIaHi MEPCIIEKTUBHOTO TPAHCIIOPTHOTO arapaTta Io-
ka3aHo Ha puc.l. Ha puc.2-3. nokazaHo 3ajiexxkHOCTI KOe(illi€HTIB MiAiiMaTbHOT CHITH
Ta MOMEHTY TaHTa)ka BiJl KyTa aTakd Ta BIJCTaHi JI0 3€MJIi BKa3aHOi HECYydOi CHCTEMU
KpHJIa, OTPEMAHOTO PO3PaxXyHKOBUM HIISIXOM.

a

Puc. 1- Kpwto ckinamHoi reoMeTpil moOam3y 3emiri:
a — 3 BII’€MHOIO CTPIIOMOAIOHICTIO; 6 — 3 Bil’€MHOIO CTPIIOMOAIOHICTIO KOHCOJICH.

JocnipkeHHs IoKa3aid, 10 Hecy4a cucTeMa JUis Kpuila CKIIaJHOi reoMeTpil 3
BiJl’EMHOIO CTPIJIOMOMIOHICTIO KOHCOJIEH Mae Jelio Kpamli Hecydi BIACTHBOCTI HIX
JUTSL KprJla CKIIQJIHOT reoMeTpii 3 Bii’ €MHOIO CTPUIONOAiIOHICTIO.

BucnoBku. TakuM uynHOM 3371a4a po3paxyHKy AJIX pi3HOMaHITHUX Tijl, TPAHCIIO-
PTHHX 3ac00iB Ta iX eIeMEeHTIB MOBITPSHUM ITOTOKOM 3 BUKOPHCTAaHHSIM MOJENI ifea-
TBHOT pigvHU J103BOJIsIE chopMymtoBaru 1i sik 3agauy Heiimana mis piBasiHES Jlamn-
naca. Po3B 30k 3a/1a4i  pO3IIYKYETHCS B BUMIISAI MOTEHIIaNy MOJBiiiHOTO mapy. Bu-
KOPHCTOBYIOUM METOJU JAUCKPETHUX OCOOIIMBOCTEW MOXHA JIOCIHIPKYBATH HENiHIHHI
aepoIMHaMIYHI XapaKTepPUCTUKN HECYYHX CHCTEM CKIagHOi (OpMHU B MiaHi MoOIU3y
3eMiIi.
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Puc 2 — 3anexHicts KoedinieHTa miaioMHol cuiay Koe(illieHTa Ta MOMEHTY TaHTaXa BiJl KyTa
aTaKy JUI Kprila CKJIaIHOT reoMeTpii 3 BiJi’€MHOIO CTPIIONOAIOHICTIO JUIs PI3HUX BiJIICTaHEH 10
3emiti
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Puc. 3 — 3anexHnicTh koedilieHTa MiIHOMHOT CHITK Ta KoedillieHTa MOMEHTY TaHTa)ka Bij KyTa
aTaK¥ [T KpHJia CKIIAJHOI TeOMETpii 3 Bil’€MHOIO CTPIIONMOAIOHICTIO KOHCOJIEH s pi3HUX
BiZiCcTaHEH 10 3eMIIi.
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Method of discrete features as planning means is aerodynamic

outlines of transport vehicles

A.V. Sokhatsky
University of custom business and finances, Dnipro, Ukraine
Sokhatsky_anatoly@ ukr.net

The main stages of the development of the discrete singularities method are described.
Modern results on the numerical solution of boundary hypersingular integral equations
by the methods of collocations and piecewise constant approximations are given.

The modern going near planning of aerodynamic design outline of transport vehicles
conditionally can be divided into three stages: engineering approaches are close, de-
sign on the basis of methods of discrete singularities, approaches that are base on in-
tegration of complete and the Reynolds-averaged of Navier-Stokes equations. On the
first stage various engineering approaches are used for forming of aerodynamic out-
line, going out a requirement specification and requirements of customer.
Close geometrical and aerodynamic descriptions are determined in the first. An aero-
dynamic outline is formed in the first close. On the second stage it follows to use more
difficult models of aerodynamics on thebasis of various approach-
es that is built on the model of ideal liquid. Bearing properties are determined, power
and moment characteristics for the corresponding outline of aircraft. The third stage is
most difficult and expensive cost. On this stage it follows to use methods and models
that are base on equations for turbulent flow.

The second stage is in-process considered —as means of the previous planning of
aerodynamic arrangement with the use of methods of discrete features. A non-
stationary chart in that tearing away is designed from all sharp edge of wing is in-
process used. This chart has the most general case of forming of process of flowing
around of the bearing system of aircraft. However complication of physi-
cal interpretation of forming of such processes in the conditions of ideal liquid remains
problematic. The necessities of practice require expansion and deepening of theoreti-
cal approaches for the study of non-stationary.

Application of model of ideal liquid for the calculation of the bearing system of a
perspective transport vehicle allows to set forth aerodynamic task as task of Neumann
for equalization of Laplace. The calculations of the bearing systems of difficult geo-
metrical plane form are conducted. Dependences of carrying capacity and longitudin-
al moment are got depending on the corner of attack and distance to the ground clear-
ance.

A computational experiment confirmed, that a method of discrete vorteces was one
of important methods of computational aerodynamics. He is effective means for un-
tiing of a number of aerodynamic tasks.

Key words: mathematical simulation, aerodynamic configuration, aerodynamic characteristics,
numerical simulation, method of discrete vorteces.

Meton AMCKpEeTHUX OCOOJUBOCTEM sIK 3aC10 MPOCKTYBAHHS aepo-

JUHAMIYHUX OOpHUCIB TPAHCIIOPTHHUX anaparisB

A.B. Coxanpkuit
YuuBepcurer MUTHOI cripaBu Ta ¢iHaHciB, [{Hinpo, Ykpaina
Sokhatsky anatoly@ ukr.net

CydacHi maXoau 10 MPOEKTYBaHHSA aepOAMHAMIYHOTO OOPUCY TPaHCIIOPTHUX 3aCO-
0iB YMOBHO MO>KHA PO3JIUIMTH HA TPH €Tald: HAONMKEHI 1H)KEHEepHI MMiIX0Iu, MoJe-
JIIOBaHHS Ha OCHOBI METOJIB OCOOJIMBOCTEH, IMiXOIU IO OCHOBYIOTBhCS Ha IHTETPY-
BaHHI ITIOBHUX Ta ocepeqHeHNnX 3a PeifHonbacom piBasHHAX Hap’e-Crokca.

Ha mepuiomy erami BUKOPHCTOBYIOThCS Pi3HOMAHITHI iH)KeHEepHI miaxoau mis ¢op-
MyBaHHs aepOAMHAMIYHOTO 0OpUCY, BUXOASYHM i3 TEXHIYHOTO 3aBJaHHS Ta BUMOT 3a-



A.B. Coxaupkuit

MOBHHKa. Bu3HauaroThes B nepmomMy HaOIMKeHI TeOMETpUYHI Ta aepoJUHAMIYHI Xa-
paxrepucTikd. DOpMyeThCS aepoauHaMiuHHN 00puc B mepmioMy HaOmmkeni. Ha
JIPyroMy eTami CIIiJi BHKOPUCTOBYBAaTH OUTBII CKJIaAHI MOJEN aepoAMHAMIKH Ha OC-
HOBI PI3HOMAaHITHHX MiJXO/iB, [0 TOOYIOBaHI Ha MOJENTI ifeanbHol pinquad. BusHa-
Yal0ThCSl HECYdi BIIACTUBOCTI, CHJIOBI Ta MOMEHTHI 3aJIeXXHOCTI JUIsl BIATIOBIAHOTO 00-
pHCy JiTalbHOTO anapara. Tpertiif eran € HAHOLTBII CKIAQJAHIM Ta IOPOTO BapTiCHUM.
Ha npomy erani ciiii BUKOPUCTOBYBAaTH METOJH Ta MOJEII, [0 OCHOBYIOTECS Ha PiB-
HSHHAX U TYpOYJIEHTHUX TEUiil.

B po6oti po3riasiHyTO ApYruid eTam - gK 3acid momeperIHbOro MPOeKTYBaHHS aepOaU-
HaMIYHOTO KOMIIOHYBAaHHS 3 BUKOPHCTaHHSAM METOJiB AUCKPETHUX 0coOIMBOCTEl. B
poOOTi BUKOpHCTaHA HECTALIOHAPHA CXEMA, B AKii MOJETIOETHCS BIIPUB 3 YCIX TOCT-
pux Kpaiiok kpuna. Ll cxema Mae HaifOUIbII 3aranbHUN BUNIAJOK (GOPMYyBaHHS MPO-
Hecy oOTiKaHHs HECyd4oi CHCTeMH JIiTalnbHOro amapara.  [Ipore ckiafHicTh (iznd-
HOI iHTeppeTaii (OpMyBaHHS TaKUX MPOLECIB B YMOBAaX iZieabHOT PiANHA 3aTHIIa-
€Tbcsl MpoOsieMaTHYHUM. [1oTpeON MpakTHKH BHMAaraioTh PO3LIMPEHHS Ta HOTIHO-
JICHHS TEOPETUYHMX MiIXO/iB JJIsl BUBYCHHS HECTAI[lOHAPHUX TEUild.

3acTocyBaHHA MOJETI ieaJbHOI PIAMHM AL PO3PaxyHKy HECy4doi CHCTEMH IepCIeK-
THBHOTO TPAHCIIOPTHOTO arapara J03BOJsi€ CHOPMYIIOBATH acpOAMHAMIUHY 3a1ady
sk 3anady Heiimana nns piBasues Jlamnaca. [IpoBeneHo po3paxyHKH HECYUUX CHCTEM
CKITaZHOT reoMeTpuyHOi popMmu B IwiaHi. OTpUMaHO 3aJeKHOCTI MiAIKMaIbHOT CHIIH Ta
MO3I0BKHBOTO MOMEHTY B 3aJIC)KHOCTI BiJl KyTa aTakd Ta BiAcTaHi Ao 3emii. O0umc-
JIFOBAIGHHHM €KCIIEPUMEHT MiATBEPAUB, 0 METOA JUCKPETHHX BHXOPIB € OJHUM 3
BOKJIMBHX METO/IB OOUYHCIIOBAIBHOI aepoauHaMikd. BiH € edexTuBHEM 3acoboM
IUTSL PO3B’A3YBaHHS LJIOTO PSAAY acpOIUHAMIYHUX 32124

Knrouosei cnosa: mamemamuune MoOeno8ants, aepoouHamivne KOMROHYBAHHS, AePOOUHAMIUNT
XapaKmepucmuky, 4ucio8e MoOe08an s, Memoo OUCKPEMHUX BUXOPIS..

METO/] IMCKPETHBIX OCOBEHHOCTEM KAK CPEJICTBO ITPOEKTUPO-
BAHUS ADPOJJMHAMMYECKNX OYEPTAHUN TPAHCITIOPTHbBIX

AIIITAPATOB

A.B. Coxanxuit
YHHUBEpCUTET TAMOKEHHOTO JeNia 1 (huHaHCOB, [JHenp YkpanHa
Sokhatsky_anatoly@ ukr.net

CoBpeMeHHbIE MOAXO/bl K MPOSKTHPOBAHHUIO a3POANHAMHYECKOTO OYEpTaHHs TPAHCIOPTHBIX
CPEIICTB YCJIOBHO MOXKHO pa3/IelIUTh Ha TPH dTara: MPUOIMKEHHbIE HHKEHEPHBIE MOIXO0MbI, MO-
JICITUPOBAHKME HA OCHOBE METO/I0B OCOOCHHOCTEH, MOIXO0/bl YTO OCHOBBIBAIOTCS HA HHTETPUPOBa-
HHY TIOJIHBIX ¥ yCPEAHEeHHBIX 10 PeitHombacy ypaBHeHusx HaBbe-Crokca.

Ha nepBoMm 5Tare MCIOIB3YIOTCS pa3iHYHbIe MH)KEHEPHBIE MOAXOABI Uisi GOpMHUPOBaHHS adpo-
JMHAMHYECKOTO OOJIMKA, UCXOJl M3 TEXHWYECKOTo 3ajaHMs M TpeOoBaHMH 3akazumka. Omnperne-
JSIIOTCSL B TIEPBOM NPHOJIMDKEHHBIE T'€OMETPHYECKHE M adpOJMHAMHYECKHE XapaKTepPHCTHUKH.
DopmupyeTcst adpogrHaAMUUYeCcKuii oOJIMK B IIepBOM NpuOImkeHHble. Ha BTopoMm sTamne cienyer
UCHOJIb30BaTh O0Jee CIOXKHBIE MO a9POANHAMUKM Ha OCHOBE Pa3lIMYHbBIX MOAXOJOB, OCHO-
BaHHBIX Ha MOJENU UACAIbHON KUAKOCTU. OmpenensioTcs Hecylluue CBOMCTBA, CUIOBBIE U MO-
MEHTHBIC 3aBHCUMOCTH JJIsI COOTBETCTBYIOILETO OYepTaHMs JeTaTelbHOro ammapata. Tperuit
9Tal ABNIsAETCA Haubonee CIOXKHBIM U JoporocrosimuM. Ha 3ToM sTame ciieayer HCIoib30BaTh
METOIbI U MOJIENN, OCHOBBIBAIOTCSI HA YPAaBHEHHSIX JIs TYPOYJICHTHBIX TCUCHHH.

B pabore paccMOTpeHBI BTOPOH 3Tal - KaK CPEICTBO MPEABAPUTEIHHOTO MPOSKTHPOBAHHS a3pO-
JMHAMHYECKOH KOMITOHOBKH C HCIIOIBb30BAHHEM METOIOB AUCKPETHBIX ocobeHHocTel. B pabore
HCIIONb30BaHa HECTAIMOHAPHAS CXeMa, B KOTOPOH MOJIEITHPYETCS OTPHIB U3 BCEX OCTPBIX KPOMOK
KpbUTa. DTa cXeMa MMeeT Hanboliee oOUINi ciydail (hOpMHpPOBAHMS IIpolecca 0OTeKaHHs HeCy-
el CHCTEMBI JIeTaTenbHOro ammapara. OfHAaKoO CIO0XKHOCTh (hM3MUYECKON MHTeprperanuu (op-
MHPOBAaHUS TAaKUX IIPOIIECCOB B YCIOBHSAX HICATBHON JKHIKOCTH OCTACTCS NMPOOIEMATHIHBIM.
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TlorpeOHOCTH TpaKTUKH TPeOYIOT PacIIMpeHHs W YriIyOJIeHUs TEOPETHYECKHX ITOJIXOJO0B IS
U3y4YEeHUS HECTALMOHAPHBIX TEUCHUIL.

IIpuMenenne Monenu MUAeanbHOW XXUIKOCTH I pacueTa Hecylleld CHCTeMbl NEpCIEKTUBHOIO
TPaHCHOPTHOTO ammapara Mo3BOJIeT cHOPMYIHPOBATH adPOJUMHAMUUCCKYIO 3a[ady Kak 3a1ady
Hetimana mns ypaBuenust Jlammaca. IIpoBeseHBI pacueTsl HECYIINX CHCTEM CIOKHOH (GopMbI B
mwiaHe. [lodydeHsl 3aBUCUMOCTH [IOJBEMHON CHUJIBI U IIPOJOJBHOIO MOMEHTA B 3aBUCHMOCTH OT
yria aTaky ¥ pacCTOSHUS 10 3eMIIH.

BeruncnutensHbIA 3KCHEPUMEHT MOATBEPAMII, YTO METOJ JUCKPETHBIX BUXPEH ABIAETCS OXHHM
U3 BO)XHBIX METO/IOB BBIYHUCIMTENbHONW aspoauHaMuku. OH sBisteTcs 3G(OEKTUBHBIM CPEICTBOM
JUISL peLIeHHs] IENIOT0 psijia a3pOAMHAMUYECKHX 3a/1ad.

Knwouesvie cnosa: mamemamuueckoe Mooenuposanue, aspoouHaMuyecKkas KOMNOHOBKA, a3poOUHAMUYECKUe
XApaKmepucmuKu, YUCieHHoe MOOeIUPo8arue, Memoo OUCKDEMHbIX GUXPeEll.
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