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Abstract

As oftoday, the task of an aircraft load-bearing capacity increasing associated with possible runways stretch limitation
seems rather up-to-date. Minimum allowable landing approach speed and, hence, the flight safety depends upon
the maximum lift coefficient at the landing mode. It is common knowledge as well that the necessary condition
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for the flow separation is a presence of the positive pressure gradient. Thus, one of the trends in the research of the
wing load bearing properties is the study on suppressing the flow-around separation-type character. In this regard,
the development of various active and passive flow-around control methods has become widespread.

Application of active methods for the tearing-off flows controlling requires well-defined energy costs. Implementation
of boundary layer control systems opens up wide possibilities for improving the wing aerodynamic characteristics of
the modern aircraft. Wing load-bearing properties increasing stems due to the reduction or complete elimination
of the flow separation on the deflected flap, which leads to the circulation increase on the wing.

Unlike active methods, the functioning of passive flow control methods does not require the use of additional energy
and, as a rule, are easy to use. Passive methods of influencing flow include the use of mechanical and air vortex
generators. There are also works on the use of passive methods, which show the effectiveness of using various jet
blowing systems to increase the bearing properties of the wing.

In contrast to the active methods, functioning of the passive flow-around control methods does not require
employing extra energy and, as a rule, differ by their ease of use. Application of both mechanical and air vortex
generators relates to the impact on the flow-around. The works on passive methods application, which demonstrate
the effectiveness of various systems of the jets blowing-out are known as well.

The presented article studies a new passive method for controlling the flow of a mechanized wing by the profiled
flow channels located discretely along the flap nose. It is demonstrated that this control method is effective both
in cruising flight mode and in takeoff and landing mode with a deflected flap. The article presents the results
of numerical studies of the application of a passive method for controlling the flow-around of an adaptive wing
employing the profiled flow channels located discretely along the nose of the flap. The numerical studies were
conducted on a straight wing with a CLARC Y+ profile with a relative thickness of 12% and a chord of » = 0.64
m with ducts for the air blowing onto the upper surface of the flap, as well as without them. The shape of the holes
was specially selected to minimize the losses during the passage of air inside the channel and increase the speed of
blowing through the nozzle to the upper surface of the flap.

The article demonstrates that the presented passive control method is effective both in cruising flight mode and in
takeoff mode with a deflected flap. It has also been found that blowing-out on a deflected flap reduced drag and
increased the profile aerodynamic quality. Application of the above-described passive flow-around control method
reduces the size (height) of the tear-off zone on the flap, and affects the flow pattern of the main profile as well. In
the profiled channel, the airflow, which enters the boundary layer tangentially to the flap upper surface acceleration
occurs, it gives it extra energy and contributes thereby to the tear-off zone shifting further downstream.

Keywords: airfoil with flap profile, passive flow-around control method, jet blowing-out, aerodynamic characteristics
of a wing with passive blowing-out onto the flap, CFD methods
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Bsenenue

B Hacrosiiee BpeMst BecbMa aKTyaJbHOM SIBJISIETCS
3a7a4a IMOBBIIIEHMST HECYIIMIX CBOICTB KphLJIa CaMoJIeTa
B CBSI3M C BO3MOXHBIMU OTPaHUYECHUSIMU MTPOTSIKEH-
HOCTH B3JIETHO-IIOCAAOUYHBIX 1ojioc. OT 3HaUYeHUS
MaKCUMaJbHOro Ko duimeHTa moabeMHOM CUJIBI Ha
peXMMe OCaIKH 3aBUCUT MUHUMAJIbHAS JOITyCTUMAsT
CKOPOCTb 3aX0/1a Ha TTOCAJIKY, a CJIEJ0BATEIbHO, U 0€3-
oracHocTh noJiera [1]. 3BecTHO, UTO Ha BEJIUYUHY
MaKCHMMaJIbHOTO Ko3(UlMeHTa MOAbEMHONM CUJIBI
omnpenesioIM 00pa3oM BIUSIET CPBIB IIOTOKA C
Kpbijia. I3BeCTHO TaKKe, YTO HEOOXOAUMBIM YCIIOBUEM
BO3HUKHOBEHMS OTPhIBA SIBJISICTCS HAJIMYMeE I10JIO-
JKUTEJIBHOIO IpaJueHTa AaBjeHus1. TakKuM oOpa3oM,
OIHMM W3 HAIlpaBJICHUI MCCISAOBAHMUIA TTOBBILLICHMS
HECYLIMX CBOMCTB KpPblJa SIBJISIETCS UCCeI0BaHUE T10
MOJaBJIEHUIO OTPBIBHOTO XapakTepa ooTekaHus [2—4].
B cBs131 ¢ 3TMM 1IMPOKOE pacnpocTpaHeHUE MOTYIUIN
pa3pabOTKU pa3IMYHBIX AKTUBHBIX Y ITACCUBHBIX CIIO-
co0o0B ympaBJlieHUs o0TeKaHueM [5].

I[TpyMmeHeHNe aKTUBHBIX METONOB YIIPABICHUS OT-
PBIBHBIMU TEUEHUSIMU TPEOYET BITOJIHE ONPEACIeHHbBIX
DHEPreTUYECKUX 3aTpaT. Mcrmonb3oBaHUe CUCTEM
yrapaBieH!s] MOrPaHUYHbBIM CJI0EM OTKPBIBAET IIUPO-
KKMe BO3MOXKHOCTH UISI YIYYIICHUs adpOoarMHaMU4e-
CKHX XapaKTEepPUCTUK KpbLIa COBPEMEHHOIO caMoJIeTa.
OOecnieueHNe TTOBBILIEHHBIX HECYIIMX CBOMCTB Kpbljia
MPOMCXOIUT 3a CYET OCJIabJCHUST WU TTIOJTHOM JIMKBU -
JTallMK OTPhIBA IOTOKA Ha OTKJIOHEHHOM 3aKPBUIKE, YTO
MPUBOIUT K YBETMUEHUIO LIUPKYIIALN Ha KpbLie [6—10].

B otnnyne oT aKTMBHBIX METOAOB, (PYHKIIMOHM-
pOBaHMe MaCCUBHBIX CITOCOOOB yIpaBJIeHUs 00TeKa-
HUEeM He TpeOyeT MCIOJIb30BaHUs TOIOJHUTEILHOM
SHEPIruM, U OHU, KaK TMPaBUIIO, OTINYAIOTCS MPO-
CTOTOI B MCIOJb30BaHMU. K MacCMBHBIM MeToIaM
BO3JEUCTBUS HAa OOTeKaHUE OTHOCUTCS IMTPUMEHEHUE
MEXaHUUYECKUX U BO3AYILIHBIX T€HEpATOPOB BUXpEl
[11—15]. YI3BecTHBI Takke pabOThI MO UCITOJb30-
BAHUIO MACCUBHBIX METOJOB, B KOTOPHBIX ITOKa3aHa

9(pHEeKTUBHOCTH UCITOJb30BAHMS PA3JIMYHBIX CUCTEM
BBIIyBa CTPY#l JJIs MOBBIIIEHUST HECYIIIUX CBOUCTB
Kpbuia [16—19].

B HacTosi1eit padoTte n3ydaeTcsl HOBbIi TAaCCUBHBIN
crnoco0 yrnpapjieHus: 00TeKaHMeM MeXaHU3UPOBAHHOTO
KpblIa MpU MOMOIIY TPOGUIMPOBAHHBIX TPOTOYHBIX
KaHaJIOB, PACTIOJIOKEHHBIX TUCKPETHO BIOJb HOCOBOIT
yacTu 3akpblika. IlokazaHo, 4YTO JaHHBIA CITOCO0
yrpaBieHus 3¢ (HEeKTUBEH KaK Ha KpeiicepCKOM pexu-
Me ToJieTa, TaK U Ha B3JIETHO-IOCAJ0YHOM PEXUME C
OTKJIOHEHHBIM 3aKPBIITKOM.

O0beKT YHCIEHHBIX HCCIIENOBAHMIA U YCJIOBHUS pacyeTa

YucneHHbIe MccaeN0BaHUS TTPOBEAEeHbl HA TIPsi-
moM Kpblie ¢ mpoduneM CLARC Y+ oTHocuTenbHOM
ToJIIMHBI 12% u xopmoit b = 0,64 M ¢ IpoTOKaMU
JIJIST BBIYBA BO3/IyXa Ha BEPXHIOI TMTOBEPXHOCTh 3a-
KpbUIKa, a Takke 0e3 Hux, puc. 1. [Tmomanes Kpbiia
S = 2,048 M?, yiiuHeHue Kpblia A = 5.

JaHHoe rccienoBaHue SIBJISIETCSI TPOIOIKEHUEM
pa6ot [20, 21] 1o yBeMueHUI0O MAaKCUMaJIbHOM MOAb-
€MHOM CUJIBI U «3aTITUBAHUIO» OTPhIBA MOTOKA Ha
Kpblie. 3aKpbLUIOK UMEET XOpIy, paBHYIO 1/3 Xopabl
npodus Kpbljia, U BbITIOJHEH COTJIaCHO paboTaM
[20, 21]. Boons pa3maxa Kpbljaa yepe3 paBHbIE TTPO-
MEXYTKHU PacCIoJIOKEHbI UeThIpe MPpOUINPOBAHHBIX
CKBO3HBIX OTBEpPCTUS IJIs1 BbiayBa (IepeTeKaHMs)
cTpyek Bo3ayxa. @opma mpopuanpoBKH OTBEPCTHI
ObLIa creuuajabHO MogoOpaHa ¢ 1ieJbl0 MUHUMU-
3allMy TOTEePb MPU MPOXOXKIEHUU BO3yXa BHYTPU
KaHaJjia ¥ YBeJIMYEHUsI CKOPOCTH BbIIYBa Yepe3 COILIO
Ha BEPXHIOIO MOBEPXHOCTH 3aKkpblika. [1nomans Bbi-
XOIHOTO CEUEHUSI COTIJIa MEHbIIIE MUIOIIAAN BXOAHOTO
ceueHus B 10 pa3. Coruio mist BbIAyBa Ha 3aKPbIIOK
CIPOEKTUPOBAHO TaK, YTOOKI TIOTOK MPOTEKAJ Yepes
1eJib 0€30TPBIBHBIM 00pa3oM U BbITeKasl U3 Y3KOTO
cpe3a corJia Mo KacaTeJbHOW K MOBEPXHOCTU 3a-
Kpblika. CxeMa Kpbljla ¢ OTBEPCTUSIMMU JJIsl BbIAyBa
noxKa3aHa Ha puc. 2.

8

2

Puc. 1. O6mwuit Bun npoduneit: a — npoduib u Kpbiio, 0., = 0; 6 — mpoduib 1 KpbLU1o
CO TIIEJTBIO TS BBIAYBA, 0., = 0; 6 — TPOGWIb M KPBLUTO BO B3JIETHOM
MOJIOKEHUU 3aKpbuIKa, d,,, = 20°; ¢ — NpoduIb 1 KPbLUIO BO B3JIETHOM
MOJIOKEHUU 3aKPbUIKa, d,,, = 20° CO 111e/bI0 AJI51 BbIIYBa
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Puc. 2. Cxema 3akpbljiKa ¢ OTBEPCTUSIMU JIJIsI BbIAYBa

B pacuetax mo nporpamme ANSYS ICEM o0bi1a
MOCTpPOEHA CTPYKTYpUPOBaHHAsI ceTKa, coiepxKalias
okoio 10 MitH s1ueex. J11st pa3penieHus MorpaHuIHOro
CJ10s1 CO31aHa crielMalbHasl CeTKa TUMa 0-grid, MoCcTpo-
€HHas TT0 HOpMaJIu K TTIOBEPXHOCTHU M comepsKalas mo
Beicote 20 sueek (puc. 3). Ilpu MoaenupoBaHuU 00-
JIACTU TIOTPAHUYHOTO CJIOS BBICOTA IIE€PBOM SYEUKU,
BOJIM3M TOBEPXHOCTU Kpblja, BeiOMpansach TaKoi,
YTOOBI MOIPAHNYHBIN CJIOI BMECTUJI JOCTAaTOYHOE KO-
JIMYECTBO STYEEK IS pacyeTa MPUCTEHOYHON (DyHKIIUMU.
3HaueHue napameTpa y’ B epBOM PUCTEHOUHOM Y3JIe
o0 ¥y =0,52.

PacueThl mpoBeaeHbI ¢ UCIIOJb30BAHUEM TIPO-
rpammbl ANSYS Fluent npu unciae Re = 3,5 - 10°
B Aualia3oHe yIjaoB aTaku o = —5 ... 20° ckopocTu
HaOeratoniero rnoroka V' = 80 m/c nnsa Kpeiicepckoit
(0,3« = 0) 1 B3netHoit (d,,, = 20°) KoHpUrypaun
Kpblia. ATMochepHoe aaieHue p = 101 325 Ila,
TeMIlepaTypa OKpyXalolleid cpeabl NpUHSATA paBHOM
t = 15°C. B pacuere ucrnonb3oBaHa k-e-realizable
MoJeIb TypOyJeHTHOCTH [22] ¢ y4eTOM BIUSHUS Ipa-
JUEHTa JaBJICHUSI U YAYYIIEHHBIM MOAEIUPOBAHUEM

Puc. 3. PacueTHas ceTka mIst Kpblia C OTBEPCTUSIMU
IUTs1 BbIAYBA, d,,, = 20°

rmapamMeTpoB TypOyJIeHTHOCTHY BOJIMU3M CTeHKU. B mipu-
CTeHOYHOI 00J1aCTU MCIOJIb30Bajach OJHOIIapaMe-
TpUIecKas MOIEIb TypOYJICHTHOCTH, alalTHPOBaHHAS
K TEYEHUSIM B IOTpaHUYHOM ciioe [23].

Pe3ynbraThbl pacyeTa a3poauHAMHYECKHX
XapaKTepuCTHK

[TprMeHeHMe BBITyBa Ha 3aKPBIJIOK Yepe3 Mpodu-
JINPOBaHHbBIC, TMCKPETHO PACITOJOXKEHHBIE KaHaJIbI
MO3BOJIAJIO YBEJIUYUTh Ha KpeicepcKoM pexkume Mo-
JieTa Koo (ppULIMEHT MaKCUMAaJIbHOM ITOABEMHOM CUJIbI
Ha 4,8% Tipu He3HAYUTEIIBHOM BIWSIHUW Ha IPYyTrre
asponMHaMHUYECKUe XapaKTepUCTUKHU, puc. 4,4.

boiee cyliecTBeHHBIN MOJOXUTEIbHBIN 3 hEKT
HaOJII0maeTcs Ha PeXUMeE B3JieTa TIPU OTKJIOHEHHOM
3aKkpblIKe O, = 20°: BO BCeM pacueTHOM Juarna3oHe
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Puc. 4. 3aBucrumocTtu K03 GUIIMEHTOB MTOABEMHOI CUITbI
Y MOMEHTA TaHTaXa OT yIia aTaku: @ — O, = 0;
0—90,, =20°
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YIJIOB aTaKW BO3PACTAET MOABEMHASI CUJIA KpbLIa U
yMeHbIIIaeTcsl conpoTuBiaeHrue. Ha qokputuyeckux
pexXuMax ImojieTa moabeMHasl Crila Kpblla ¢ BBIIYBOM
Ha 3aKpbUIOK 00JIbllIe, YeM 0e3 BhIIyBa, IPUMEPHO Ha
2%, a 3aBUCMMOCTU IOABbEMHOI CUJIbI OT yIjla aTaKu
HUMEIOT TPaKTUIEeCKU OIMHAKOBYIO ITPOU3BOIHYIO MPU-
paieHus: pyHKIMU C;‘, puc. 4,6. BoinyB Bo3ayxa Ha
OTKJIOHEHHBI# 3aKPBLTOK YBEIMUUBAET MAKCUMAJIBHYIO
MOIBEMHYIO CHITY KpbLia Ha 3,8 %, IIpu 3TOM KpUTHYE-
CKMUI1 yroy aTaku yBeJauyuBaeTcst Ha Ao = 3°.

Ha xpeiicepckom pexume mosera 0,,, = 0 BbIIyB Ha
3aKPbLUIOK HE OKA3bIBaeT BIAUSIHUSI HA COMTPOTUBJIEHUE
KpbIJIa, puC. 5,a, ¥ TTO3TOMY He OKa3bIBaeT BIMSHUS Ha
aspoArMHaMHUYeCcKOe KauecTBO, puc. 6,a.

B otimame ot KpeiicepcKoro pexxyuma rmojieTa ¢ HeoT-
KJIOHEHHBIM 3aKPbUIKOM, Ha pexxume Biieta (9., = 20°),
TpemaraeMoe IMacCUBHOE yIIpaBieHNEe 00TeKaHNUEM He
TOJILKO CIIOCOOCTBYET YBEJIMUYEHUIO MOTBEMHOI CUJTBI,
HO TakKe YMEHbIIIAeT COMPOTUBIEHE Kpblia Ha 3%.
BcrenctBue aToro nmpuMepHo Ha 7% Bo3pacTaeT a3po-
JMHAMMUYECKOE Ka4eCTBO KpbLia, puc. 6,0.

Oco0eHHOCTH 00TEKAHHUS KPbLIA C BBIIYBOM HA 3aKPbI-
JIOK HA 3aKPUTHYECKHX YIJIAX ATAKH

BiusiHMe BbIIyBa Ha 3aKPBLIOK Ha OTPBIBHYIO 30HY
JUTSL pa3IMIHBIX PEXKMMOB TT0JIeTa ITOKa3aHo Ha puc. 7
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Puc. 5. TTonsipbl Kpblaa: @ — Ogq = 0; 6 — d5 = 20°
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Puc. 6. 3aBUCHMOCTb a3pOAMHAMUYECKOIO KauecTBa
oT ymia ataku: @ — Oy, = 0; 6 — 855 = 20°

u 8. BumHo, 4TO IIpUMEHEHHE OIMMCAaHHOIO CIIoco0a
MacCCUBHOTO YIIpaBJIeHUs] 00TeKaHUEM YMEHbIIIaeT pas-
Mep (BBICOTY) OTPBIBHOI 30HBI HA 3aKPBIIKE, a TAKXKe
BJIMSIET Ha XapaKTep 00TeKaHUSI OCHOBHOTO MPOGhUIS.
B npodunrpoBaHHOM KaHaJjie IIPOMCXOAUT YCKOPEHUE
MOTOKA BO3/1yXa, KOTOPbIHA MO KaCaTEIbHOM K BEpXHEH
MOBEPXHOCTH 3aKpblIKa IMOMaaaeT B MOrpaHUYHbBIN
CJIOl, MpUAAET eMy JOTOJTHUTEIbHYIO SHEPTUIO U TEM
CcaMbIM CIIOCOOCTBYET CMEIIEHWUIO OTPBIBHOW 30HBI
Jajee BHU3 IO MOTOKY.

BriBoapl

ITokazaHo, 4TO MpUMEHEHME MACCUBHOTO CIIOco0a
yIIpaBjeHUs OOTeKaHWEeM MpU ITOMOIIM BbIAYBa Ha
3aKPBUIOK MTPUBOIUT K YIYYIIEHUIO OOTEKAHUS MIPO-
Wi ¥ yBeJTMUYMBAET €r0 MAaKCUMAaJIbHYIO OIbEMHYIO
CHITy, KaK Ha KpeiicepCcKoM peXXuMe MoJjieTa, TakK U Ha
peXnMe B3jieTa ¢ OTKJIOHEHHBIM 3akKpbIIKoM. Ilpn
5TOM KPUTUYECKUI Yrojl aTaKu yBEeIMYMUBACTCI Ha
Ao = 3°. YcTaHOBJIEHO TaKXKe, YTO BBIAYB Ha OTKJIO-
HEHHBIM 3aKPBIJIOK YMEHBIIAET CONPOTUBIIEHUE U
YBEJIMYMBAET a3pPOJINHAMUYECKOE Ka4eCTBO ITpOoduIIs.
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Puc. 7. Jlunuu Toka npu o6TeKaHUM KpbLla U MoJie CKOpocTelt (M/c) B cedeHuu iockoctbio X0Y z=0, a = 18°, 0,,, = 0:
a — 0e3 BeIIyBa; 6 — C BBIIYBOM Ha 3aKPbLJIOK
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Puc. 8. Jlunuu Toka mipu 06TeKaHNH KpbLIa U TToJIe CKOPOCTeit (M/c) B cedyeHNM TutockocThio XOY =0, o = 18°, d,,, = 20°:
a — 0e3 BblyBa; 6 — C BbIAYBOM Ha 3aKPbLIOK
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