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AHHOTALMSA

PaccmaTpuBaroTcst  pe3yibTaThl  HUCCIENOBAHUS  B3aUMOJICHCTBUSL  CTPYMHBIX
OpPraHOB YMPAaBJICHHUS C BBHICOKOCKOPOCTHBIM HAOEramluM MOTOKOM MpU PA3IUYHBIX
yrucnax Maxa. B kauecTBe 00bekTa uccieoBaHUs BbIOpaHa KOHMYECKasi IOBEPXHOCTb, C
PSZIOM OTBEpCTU MO 00pasyloliei, yepe3 KOTOopble MPOMCXOAUT BAYB rasza. Ilokazana
BUXpEBas CTPYKTypa TeueHus BOJIM3M MecTa BAOyBa Tra3oBbIX cTpyi. [IpoBeneHo
UCCIIEIOBAaHUE BIIUSHUS MECT BJyBa M pa3Iu4HbIX yuces Maxa HaOerarouero notoka Ha
BUXPEBbIE CTPYKTYphl, a Takke J(PQPEKTUBHOCTb pabOTHl OpPraHOB YIPaBICHUS

JABHUKCHHUCM.

KuroueBble cioBa: BAyB rasza, BBICOKOCKOPOCTHOW IOTOK, KO3((UIMEHT aaBICHMUS,
KOA(PPHUIIUEHT yCUTICHHUS.
BBenenue
B3aumoneiictBue BayBaeMbIX CTpyH rasa C HaOErarmmuM BBICOKOCKOPOCTHBIM
IIOTOKOM SIBJISIETCSI OJHUM U3 aKTyaJIbHBIX BOIIPOCOB HA CETOAHSAIIHUMI J€Hb, TaK KaK BIYB

MOMEPEYHBIX CTPYA Tra3a BO BHEHNIHUM BBICOKOCKOPOCTHOW TMOTOK NPUBOJIHUT K
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BO3HMKHOBEHHUIO CJIOKHOTO BHUXPEBOTO TEUCHHUS BOJIM3M TeNla M OKa3bIBACT BO3JICUCTBHE
Ha JBUKEHUE JIeTaTelIbHOro ammapara. [I[pumMeHeHue BIyBaeMbIX CTPYH JUisl YIpaBiIeHUs
JIBWKEHUEM HMMEET 3HAYUTENIbHOE IMPEUMYIIECTBO MO CPAaBHEHUIO C MEXaHUYECKUMHU
opraHaMu YIpaBlIeHHs, OCOOCHHO 3TO KacaeTcsl BBICOKOW MaHEBpeHHOCTU. OgHUM U3
TJIABHBIX TPEUMYIIECTB Ta30BBIX CTPYH SBISETCS 0oJiee KOPOTKOE BpEMsl OTKJIMKA H
coxpaHeHue d(PpPeKTUBHOCTH HA OONBIIMX CKOPOCTSAX MO CPABHCHHIO C MEXaHUYECKUMU
opraHaMu yIpaBIICHUS.
IlocTanoBKa 3a1a4u UCCIIEOBAHUS

[TpoBenenbl YHCIICHHbIE pacu€Thbl ra3oIMHAMUYECKUX napameTpoB
BBICOKOCKOPOCTHOTO MTOTOKA BOJIM3M KOHMYECKOW MOBEPXHOCTHU npu yucie Maxa M, = 10
- 17, Cc XapaKTEepPUCTUKAMU Ha0eraromero IIOTOKA
P. = 79,8Ila, T. = 270K wu mnapamerpamu BayBaembix cTpyil Tj = 293 K,
J = 495 - kod>pdunmeHT TPOHUKHOBEHUS CTPyM Ta3za B  HaOeraromnmi
notok [1,2] .

OOBEKT HCCIAEAOBAHUS TMPEACTABISIET COOOM KOHUYECKYIO TOBEPXHOCTh C
OTBEPCTUSAMH BJIlyBa Ta3a, pacloyioKEHHBIMHU M0 oOpasyromieit Ha pacctosauu X/ = 0.3,
0.6, 0.9 oT HOCKA.

PacuetHast o0nacThb MOCTpOEHA C YYE€TOM YCIOBUK (OPMUPOBAHUSA CKadyKa
VIUIOTHCHUSI TIpU JIBIDKCHWHM HAa BBICOKHMX CKOPOCTSAX. ['paHUIBI pacueTHOW 00JacTu
BKJIIOYAIOT B ce€0s BCIO BO3MYIIEHHYIO 00JIACTh TEUEHUS BOJIM3U UCCIeAyeMoro tena. B
KauecTBe pabouero BeElIeCTBAa BIYyBAaEMOTO Ta3a MPUMEHSJICS BO3IyX (IOKa3aTelb

annabarsl 1.4), onuceIiBaeMblil ypaBHEHUEM HJI€aTBHOTO rasa.
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Pacuets! mpoBOIMIIMCE HA OCHOBE OCPEIHEHHBIX N0 PeliHonbACy ypaBHeHur HaBbe-
Crokca, 3aMBIKAIOLIUXCS ypaBHEHUEM TypOyJIECHTHOCTH
k-o SST [3]. Jlns omnucaHuss pacyeTHOW O0OJacTH MPUMEHSIACh THOpHUIAHAS
MOJINTEKCAdIPUYECcKass CeTKa CO CryHIEHUSIMU B 00JacTsX OOJIbIIUX TpaJueHTOB
ra3oIMHAMUYECKUX MapaMeTPOB.

Pe3yabTarhl YMCJICHHBIX HCCJICI0BAHUN

[Ipn BOyBe cTpyM rasa B HaOEraroluil BHICOKOCKOPOCTHOW IOTOK BO3HUKAET
CIIO’KHAsl yJapHO-BOJIHOBas cTpykrypa [4-12]. Ha pucynke 2 () mokazaHbl JIMHUU
rpajMeHTa JaBJICHUs, KOTOPbIE MOKA3bIBAIOT TOJOBHOM CKAa4YOK YIUIOTHEHHUS (PUCYHOK 2
(@) T. 1), ckayok YIJIOTHEHHS HaJ OTBEPCTHEM BayBa (pucyHOK 2 (a) T.2) u 00J1acTh BIyBa
CTpyH, OTpaHUYCHHYIO JrcKoM Maxa (pucyHok (@) T. 3).

Ha pucynke 2 (0) mokazaHa CTpyKTypa IMOTOKa BOJU3M KOHHMYECKOW MMOBEPXHOCTH,

00/1yBa€MOI BBICOKOCKOPOCTHBIM ITOTOKOM.

(a) (6)
Pucynok 1 — CtpykTypa notoka BOJU3U BbIIYBa.
a) YMCIIOBOM NMUIMPEH, 0) TUHUU TOKA BIU3U BBIIYBa
[lepen crtpyeld BayBaemMoro raza M 3a Hel 00pa3yrOTCs PEUUPKYISIUOHHBIC
o0nacTu, NpU 3TOM HAa KOHUYECKOM MOBEPXHOCTH IMepes] CTpyed BO3HHMKAeT 30HA

ITOBBIICHHOT'O AAaBJICHHII. Tak kak ra3 mogacTCs IIpHu OOJIBIIIEM CTAaTHYECCKOM JaBJICHHH,

4YeM B HEBO3MYIIEHHOM IOTOKE, TO CTpys (OpMHUpYETCs Kak HejopacuiupeHHas. Takum
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o0pa3oM ra3 HEMEIJICHHO pacIHIMpSETCs, a BOKPYT Ta30pacHIMpUTENBbHON 00IacTu
BO3HUKAET CKAYOK YIIJIOTHEHUS, T/I€ CO3/1a€TCsl TEUEHHE C HAauOOJIbIIMM 3HAYEHUEM YHUCIa
Maxa. CBepxy MAaHHYI o00JacThb OrpaHMuYMBaeT oOpa3oBaBIIMics AucK Maxa
(pucynok 1 (a) T.2). Takxke Hajg OTBEpPCTHEM Blya 0Opa3yeTcss €Ile OJIMH CKadoK
ymiotHenus (pucynok 1 (a) 1.1). Ilepen BamyBOoM cTpyu oOpasyeTcs MOAKOBOOOpa3HBII
BUXPb (pucyHOK 1 (6) T.1), KOTOpHI pacpOCTPOHSIETCS BAOIb KOHHUYECKON TOBEPXHOCTH
BHU3 TIO0 TOTOKY B CTOPOHY OT IUIOCKOCTH CHMMETPUHU, OO03HAYEHHON KOHTypaMu
ckopocTtu Ha pucyHke 1 (0). [TogkoBooOpa3HbIi BUXPh IIPU ABMIKCHUH B HHU3 IO MOTOKY
OTHAJSIETCS OT OCTAJIbHBIX BHUXPEBBIX CHCTEM M COXpPaHSET YETKYI0 CTPYKTYpy Ha
3HAUUTEILHOM YIAJICHUM OT MecTa BAyBa. MeXay MOAKOBOOOpPa3HBIM BUXPEM H
BIyBaeMOW  CTpyel  oOpasyercs  emie OAMH  BUXpb, KOTOpPBIA  ormbaer
ra3opacIIMpUTENbHYIO o0acTb u OTOABUTAETCS oT MOBEPXHOCTHU
(pucynox 1 (0) 1.2). Bepxuuii npomonbHbid BUXph (prCYHOK 1 (0) T.3) ABMXKETCS BIOJIb
MJIOCKOCTH CHUMETPUHM. 3a MECTOM BJyBa BHHU3 IO IMOTOKY Ha MOBEPXHOCTH BO3HUKAET
oOuIMpHas 30Ha ¢ JaBICHUEM HEMHOT'O HUXKE, YEM B HEBO3MYILIEHHOM MTOTOKE.

Ha pucynke 2 (a - €) moka3aHbl JIMHUHMH, OTOOpaXKAMOIIUE HW3MCHCHHE
Kod(duimeHTa JaBIeHUs Ha MOBEPXHOCTH, IO ISATH CEYEHUSIM C YYETOM CUMMETPHH.

Touka Hauana I/I3Mep€HHﬁ BO BCCX ClIydasXx COBIIaAacT € OCbIO BAYBA.
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Pucynok 2 — Pacnipenienienre p Mo KOHUYECKOM MOBEPXHOCTH BOJIM3U OTBEPCTHS
B/yBa ra3a 1o JUHHUSIM CEUSHUs
a,B, 1-M.,=10; o,r,e-M,=17
[Tpu ananuze rpadukoB BUAHO pecTpeeeHIe 30H TOBBIIEHHOTO JaBICHUS TIEPET
MECTOM BJyBa CTPYHM W TIOHMDKCHHOTO JaBJICHHUS 32 HUM. BenwumHa P ¢ yBeIMYCHHEM
gucia Maxa TNpONOpIMOHANTBHO BO3BpacTaeT KaK B 30HE TOBBINICHHOTO TaK |
MOHIDKEHHOTO JaBJICHUS HE3aBUCUMO OT MecTa BAyBa. MaKCHUMAalIbHBIM Tiepemnas
KOO UIIMEHTa MaBICHUS MEXAY 30HAMH IOBBIMICHHOTO M TIOHIKEHHOTO JaBIICHUS
HaOoaeTest mpu BayBe Ha paccrosuuu X/ = 0.3 (pucyHok 2, a u 6). [IporcxoauT 310 U3-
3a OJIM30CTH MECTa BAYBa K TOJIOBHOMY CKauKy yIruloTHeHHs. [Ipu 3TOM BayBaemas cTpys
B3aMMOJICCTBYET C TOJIOBHBIM CKAaYKOM YIUTOTHEHUS, JIOKaJbHO OTOJBHUTAs €ro OT

Mozenu. B pesynbrarte p Ha MOBEPXHOCTU MEPE]l U MOCIE CTPYH 3HAUUTENIBHO BBIIIE, YEM

B OCTAJIBHBIX MCCTaxX PaCIIOJOKCHHA OTBepCTI/Iﬁ BJyBa.
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Bo Bcex BapmaHTax pacrosoKeHUust OTBEPCTUM BAyBa 30HA MIOHWKEHHOTO JABJICHUS
0ojiee oOImMpHA MO CPAaBHEHHUIO C 30HOW MOBHIIICHHOTO JaBlieHUs. B cBow odepensr obe
30HBI OTPAaHUYCHBI IOAKOBOOOPA3HBIM BUXPEM.

B pa6orax [9,12] ykaspiBaeTcs, 4YTOo Ha O0JacTb  pampoCTpaHEHUs
MOJKOBOOOPA3HOTO BUXPS OKa3bIBaeT BIUSHUE KPUBH3HA TIOBEPXHOCTH OOBEKTA
uccaenoBanns. OTMeUaeTcs, 9YTO KPUBU3HA MOBEPXHOCTH CHUKAET YPOBEHBb BO3ICHCTBUS
nosikoBooOpa3Horo Buxps. [lo rpadukam pucynka 2 (a - €) XOpOIIO MPOCIEKUBACTCS
00JacTh paclpoCTpaHeHHs MOJIKOBOOOpa3HOro Buxps. Ilo Mepe ynmajeHusl OTBEpCTHI
BAyBa OT HOCKa MOJeiIn OO0JacTH TIOHMKEHHOTO ¥ TIOBBIMICHHOTO JIaBIICHUS
yMeHbIIatoTcs. [Ipu pacroyio)keHnu OTBEPCTHS BIyBa Ha MaKCHMaJIbHOM YIaJCHUH OT
HOCKa MoJeiIu (PUCYHOK 2, J, €) 00JacTh IOHW)KCHHOTO JaBJICHHUS IPAKTHICCKU
OTCYTCTBYET, T.K. B 3TOM MECTE€ IPOUCXOJWUT CPHIB MOTOKA rasa B JOHHYK 00JIacTh

moenu [17].
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Pucynox 3 — Pacnipenenenne p B1oabs oOpa3yromieil KOHHIECKONH TOBEPXHOCTH

BOJIM3U OTBEPCTHS BIyBa raza
Ha pucynke 3 mOKa3aHO WM3MEHEHHE P IO KOHHMYECKOW MOBEPXHOCTHU BOIU3U
OTBEpCTHUSI BAYBa B 3aBUCUMOCTH OT CKOpOCTH HaOeraromiero moroka. Kak BumHO u3
PUCYHKA, POCT CKOpPOCTH HAaOErarouero MNpUBOJUT K TOBBIIICHUIO JAaBICHUS Tepes

BIyBaeMOM CTpyel u mnocie Hee. Ilpu 3TOM Tmiepen BAYBAEMOW CTpyeW IaBJICHUE
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BBIPOCTACT 3HAYUTCIBHCC YCM HHUIKC II0 IIOTOKY 3a Heii. C YBCIIMYCHUCM YHCJId Maxa

MaKCUMYM D CABHUTAETCs OJMKE K MECTY BIIyBa.
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Pucynok 4 — 3aBucumocts Ky 11 J 0T ckopocTr Haberarouiero noToxka

Ha pucynke 4 mpuBeneH CpaBHUTENBbHBIM aHamu3 3(P(HEKTUBHOCTH BO3INUCTBUS
CTPYW C DPa3IMYHBIMH BapUaHTAMM PACIOJIOKEHHsS IO KOHMYECKOM ITOBEPXHOCTH IIpHU
OOTEKaHUU BBICOKOCKOPOCTHBIM IOTOKOM. YBEJIMYEHHE CKOPOCTH HAOErarollero rmoToka
[P YCIIOBUU COXPAHEHHUs I1ApaMETPOB BIYBAEMBIX CTPYW NOCTOSHHBIMU IIPUBOJMUT K
CHIDKEHHIO KO3(@uimeHTa J, Tak Kak MOBBIIIAETCS BEIMYMHA I'pPAaJUCHTA JAaBJICHUS Ha
CKauyKe YIJIOTHEHHS.

Jlnia oueHkn >QPEKTUBHOCTH B3aUMOACUCTBUS CTPYH ¢ HaOErarolmM MOTOKOM MpPU

Pa3IUYHOM PACHOJIOKEHUH Ha MOBEPXHOCTH MpuUMeHseTcs: Kodpdunuent ycunenus (Ky)

[2,10,11].
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W3 pucynka 7 BUAHO, YTO KOIPPHUIIMEHT YCHUJICHHS BO3PACTACT C YBEIMUYEHUEM
CKOpOCTH Ha0eraromero noroka. MakcumanbHas BenauunHa K,  HaOmonaercs npu
CMEILIEHNN MeCTa BIyBa CTpyH Oke K HOCKy mMojenu npu M, = 17, Tak Kak B 3TOM
MECTE BJIyB CTPYH HaXOJUTCSI MAaKCUMaJIbHO OJIM3KO K FOJJOBHOMY CKauKy yIUIOTHEHHUS.

3akiroueHue

[IpoBeneHbl YMCIEHHBIE DKCIEPUMEHTHI IO OLIEHKE B3aUMOJEHCTBHUS BIyBAa€MbIX
CTPYy# ¢ BBICOKOCKOPOCTHBIM HaleraromuM notokoM. [logpoOHO paccMoTpeHa cTpykTypa
IIOTOKa BOJIM3M BIYBAaE€MBIX CTPYi raza ¢ KpUBOJMHEHHONW MOBEPXHOCTH.

[TomyueHo  pacmpeneneHue  MOAKOBOOOpa3HbIX  BHXpPEM 1O  KOHMYECKOH
IIOBEPXHOCTH, 4 TAK)KE PACIPENEIICHHE 30H IOBBIIMICHHOIO M IOHM)KEHHOT'O JABJICHUS
BOM3U BOyBaeMOW CTpyd rasza. MakcUManbHBIA mepenag Kod(pQuIMeHTa IaBICHUS
MEXy 30HaMH IOBBIIIEHHOTO M MOHW)XEHHOIO JaBJEHUS HAaOIIOJAeTCsl MpU BIYBE Ha
paccrostaun X/l = 0.3. Tlpu 3TOoM BayBaemas CTpysl B3aMMOJICHCTBYET C TOJIOBHBIM
CKAaYKOM YIUIOTHEHUS JIOKAJIbHO OTOJBHIasl €ro OT MOJIEIIH.

[TpuBeneH cpaBHUTENbHBIN aHanU3 3((HEKTUBHOCTH B3aUMOJCHCTBUS BIyBaeMbIX
CTpy#l ¢ HaOeraromMM BbICOKOCKOPOCTHBIM MOTOKOM C YYE€TOM pa3IUYHbIX BapHAHTOB
pacIlONOKEHUsI MECT BJIyBa CTpyH Ha KOHMYECKOM moBepxHOCTHU. [lomydeHo, 4To
BenuunHa Ky Bo3pacraer ¢ yBEJIMYEHUEM CKOPOCTH HaOeraroomiero noroka. Makcumym
HAO0JTIOJTAeTCS TIPU CMEIICHUU BAYBaeMOU CTpyH Oymke K HOCKy mojenu (npu My, = 17),
TaK Kak B 3TOM MECTE BJyB CTPYH HAXOJUTCS MaKCUMAaJIbHO OJIM3KO K TOJIOBHOMY CKauKy
YIUIOTHEHUS.

Pe3ynbpraThl 4MCIEHHBIX 3KCHEPUMEHTOB XOPOIIO KOPPEIUPYIOT C pe3yibTaTaMu

HATYPHBIX  OKCIEPUMEHTAAbHBIX  ucciemoBanuii  [2,19,20], mpoBoauMmbIx €
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HCIOJIb30BaHNEM aspoauHamuueckor nadopatopunn BKA umenu A.®D. Moxaiickoro u
CIIOCOOCTBYIOT O0Jie€ MOJTHOMY M3YYEHHMIO BO3JIEHCTBUS BBICOKOCKOPOCTHOI'O IOTOKAa Ha

QJICMCHTLI JICTATCIIBHBIX aAIlIlapaTOB.
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Abstract

The interaction of injected gas jets with an incoming high-speed flow is one of the
most pressing issues today. The use of injected jets for motion control has a significant
advantage over mechanical controls, especially with regard to high maneuverability.

Calculations of the gas-dynamic parameters of a high-speed flow near a conical
surface at Mach number M., = 10-17 were carried out with the characteristics of the
incoming flow P, = 79.8 Pa, T, = 270 K and the parameters of the injected jets Tj = 293 K
and J = 4.95 - the coefficient of penetration of the gas jet into the incoming flow [1,2].

The object of study is a conical surface with gas injection holes located along the
generatrix at a distance x/l = 0.3, 0.6, 0.9 from the toe.

When analyzing the distribution of the zones of increased pressure in front of the

place of injection of the jet and low pressure behind it, it was found that the value of the
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pressure coefficient with an increase in the Mach number proportionally increases both in
the zone of increased and decreased pressure, regardless of the place of injection. The
maximum pressure coefficient difference between the zones of high and low pressure is
observed during injection at a distance x/l = 0.3. In this case, the injected jet interacts with
the head shock wave, locally pushing it away from the model. As a result, the p on the
surface before and after the jets is much higher than in other locations of the injection
holes.

It was found that an increase in the oncoming velocity leads to an increase in
pressure before and after the injected jet. In this case, in front of the injected jet, the
pressure increases more significantly than downstream of it. With an increase in the Mach
number, the maximum p shifts closer to the injection site.

The analysis of the efficiency of the action of jets with different variants of
arrangement in high-speed flow is carried out. He showed that, while maintaining the
parameters of the injected jets constant, an increase in the incoming flow velocity leads to
a decrease in the J coefficient, since the pressure gradient at the shock wave increases.

It was found that the magnitude of the Ky increases with an increase in the incoming
flow  velocity. The  maximum is  observed when the injected
jet is displaced closer to the nose of the model (at M, = 17), since
in this place the injection of the jet is as close as possible to the head shock wave.

The results of numerical experiments correlate well with the results of field
experimental studies [2, 19, 20], carried out using the aerodynamic laboratory of the A.F.
Mozhaisky MSA and contribute to a more complete study of the effect of high-speed flow

on the elements of aircraft.
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