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PaccmaTtpuBaeTcs MeTonuka pacyeTa adpoAMHaAMMYECKUX XapaKTePUCTUK OTAEISIeMbIX OT JieTaTebHoro amnmnapara (JIA)
rpy3oB, ocHoBaHHas1 Ha npuMeHeHuu CAD/CAE-cucteM KOMMBIOTEPHO MHXEHEPUM B YaCTHU IMaKeTa MporpaMM ra3o-
TUIPOIMHAMUYIECKOTO aHan3a, TBEPAOTEILHOTO MOIETUPOBAHUS U (DYHKIIMY MHOTOMEPHOM MHTepHoasaiuu. OnucaHbl
OCHOBHbIE HEOCTATKU TPAAULIMOHHBIX SKCIIEPUMEHTATbHBIX CITOCOOOB MOTYYEHUST a9POAMHAMUYECKUX XapaKTePUCTUK B
adPOAMHAMUUYECKUX TPYyOaX, paCCMOTPEHBI BO3MOXHOCTH COBPEMEHHBIX CUCTEM BBIYMCIUTEIbHON Ta30AMHAMUKU B CO-
BOKYITHOCTHU C CHUCTeMaMU TBEPIOTEJbHOTO MoOIeJupoBaHUs. PaccMOTpeH MOIXON MPOBEACHUST «BUPTYAIbHBIX» BbI-
YUCAUTETbHBIX SKCTIEPUMEHTOB, TTO3BOJISIIOIINI Ha paHHUX 3Tarax MpoeKTUPOBaHHUS TIOJIydaTh a3poIMHAMUYEeCKUE XapaK-
TEPUCTUKU JIJIS1 Pa3TMYHBIX BAPUAHTOB KOMITOHOBKY M MPOBOAUTH ONTUMU3AINIO0 KOHCTPYKIIMKU. OmMcaHo IpuMeHeHue
(byHKIIMY MHOTOMEPHOM MHTEPIIOISILIMY JIJIS1 00pabOTKYU TaHHBIX BHIYMCIUTEILHOTO SKCIIEPUMEHTA U TTOCTIEIYIOIIETO TTpH-
MEHEHUsI TIPU MOJCIMPOBAHUU TPACKTOPUM OTIEISIEMOTO TPy3a B OKPECTHOCTU camMosieTa-HocuTess1. OleHeHa ajeKBar-
HOCTb XapaKTepUCTUK, MOJYYEHHBIX PACUETHBIM METOIOM, C UMEIOLIUMUCS SKCIEPUMEHTAIbHBIMUA JAHHBIMU.

Karouesvie cnosa: aAdpPOJUMHAMMNYECKNE XapaKTCPUCTUKHU, 0€e3011acHOCTh OTACJICHUA,CUCTEMA TBEPAOTEJIbHOTO MOACIN -
poBaHUA, CUCTEMA I'a30- U TUAPOINHAMHNYCCKOIO pacy€Tta, MHOroMEpHadad MHTCPITOJIAIINA.

Bsenenue nenust JIA nim camoro rpysa MOTYT IPHMBECTH K aBa-
P WIN CPBIBY BBIITOJTHEHMS 1IEJICBOI 3a1ayn;

— COXpaHEeHUe MPOCTPAHCTBEHHON YCTOMUMBOCTHU
rpysa npu ero 1oJjieTe Ha HayaJlbHOM YYacTKe TpaeK-
TOPUU — B OKPECTHOCTU HOCUTENS (NIl TPY30B C CU-
creMoii ynpasieHust). [Totepst rpy3oM yCTOHYUBOCTH -
HEJIOIyCTUMa KakK I10 IIPUYMHE CPbIBa BBHITOJIHEHUS
IIeJIeBOM 3aJauM, TaK U MO MPUYNHE OITACHOCTH CTOJI-
KHOBEHUSI ¢ APYTUMU Tpy3aMu (ITpU cOpPOce HECKOJIb-
KMX TPY30B) WJIM COCEIHUMHU camoJjieTaMu B TPYIIIE.

I1pu pa3paboTKe crUcTeM TPaHCHOPTUPOBKU U OT-
JeaeHus rpy30B oT JIA mojokHa OBITh pellieHa IpodieMa
obecrieueHus1 0e30MacHOCTU OTaeeHusI rpy3a. Ilom Oe-
30MaCHOCTBIO OTAEJICHMS B OOIIIEeM ciydyae TOHUMAeT-
cs obecrieyeHre BBITTOJIHEHUSI CIIEMYIOIIEeT0 KOMIUIeK-
ca yCJIOBUIA TIPU MOJIeTe B OKPECTHOCTH HOCUTEIIS Tpy3a
1ocJie ero OTLEeNKU OT MyCKOBOW YCTAaHOBKM (HaIpu-
Mep, 0aJIOUHOIO JAepKaTess):

— UCKITIOYEHUE COYIapeHUs Tpy3a ¢ CaMUM CaMo-
JIETOM WJIM 2JIeMEHTaMM KOHCTPYKIIUM TPY30B, yCTa-
HOBJICHHBIX Ha COCEMHUX TOYKax moaBecku. [ToBpex-
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Merton petieHusI TIpobJieMbl 6€30MaCHOCTU OT/ee-
HUSI Tpy3a Ha 3Tarne MPOeKTUPOBAHUSI CUCTEMBI €TO
TPAaHCIIOPTUPOBKU U BbIOOpaA criocoda cOpoca OCHOBaH
Ha aHaju3e pe3yJbTaTOB MOACIMPOBAHUSI MPOCTPAH-
CTBEHHOTO JIBMKeHUs Tpy3a B okpecTtHocTH JIA. [lpu
3TOM ISl TIPOBEACHUSI UMUTAILIMOHHOIO MOJCIMPOBa-
HUSI BaXKHOE 3HaYeHUE UMeeT JOCTOBEPHOCTb a3pOau-
HaMMYECKUX XapaKTePUCTUK U30JUPOBAHHOTO Tpy3a U
BO3MYIIEHHOTO CaMOJIETOM TOTOKa.

[TonyyeHre aspoaHaAMUYECKUX XapaKTEPUCTUK,
Kak IMpaBuUJio, CBSI3aHO C MPOBEAESHUEM TPOIYBOK B
aspoanuHamuueckux Tpyoax (AIT). nst HagexxHOro
oIpene/ieHUs] peXXUMOB 0e30I1aCHOTO OTAeJIeHUsT He00-
XOAMMO TIPOBECTU OO0JIbIIIOE KOJIMUECTBO MTPOAYBOK TP
pa3HBIX yrjax aTaku, CKOJbXEHUS M yuciaax Maxa.
IIpu Hanuuuu cKaagbIBa€MbIX a3pOJMHAMUYECKUX
3JIEMEHTOB Pa3JMYHON KOH(UTYpalUuu Ha TTOIBEIIBa-
€MBbIX Tpy3ax 00beM aKcrepuMeHTOB B AJIT pe3ko Bo3-
pactaeT. Takum o6pa3oM, pabOTHI MO OIpeaeeHUIO
M30JIMPOBAHHBIX U UHTeP(hEPEHLIMOHHBIX a39POAMHAMMU-
YECKUX XapaKTePUCTUK MOTYT 3aHSITh MPOJOIKUTEIb-
Hoe BpeMms. Ha paHHUX 3Tanax NpoeKTUPOBAHUSI CHUC-
TEMbI B YCJOBUSIX HEOMPEALICHHOCTU HEKOTOPBIX MTPO-
€KTHBIX TTapaMeTPOB MPOBEACHUE MPOAYBOK BOOOIIE HE
npeacTaBisieTcs 1ejaecoodpa3HbiM. B aToM ciyyae mc-
MOJIb3YIOT KOMIBIOTEPHBIE TEXHOJIOTHUU, @ UMEHHO Me-
TOAbI KOMITBIOTEPHOM MHXEHEpUHU, KOTOphIe obecIie-
YUBAIOT JOCTOBEPHYIO aHAJTUTUYECKYIO MOIIEPKKY OJ1a-
rogapsi UCIOJIb30BaHUIO TTaKeTa MPOTrpaMM Tra3o-TUJI-
POAMHAMUYECKOTO aHaI13a.

IToxxon K pemeHnIo MpooIeMbI

CerogHsi MHOTHE KOMMOAaHUM MUpa MpU pa3padoT-
K€ HOBOTO ITPOEKTA JIeTaTeJIbHOTrO arrapara mpuMeHsi-
IOT CUCTEMBbI TBEPJAOTEILHOIO MOACIUPOBAHUS U TOC-
JISAYIOIETO aHajiu3a ¢ TTOMOIIbIO CUCTEM BBIUMCIIM-
TeJbHOU razoruapoavHamuku (Computational Fluid
Dynamics — CFD). Pacuérbl ¢ MCcnosb30BaHUEM UKC-
JICHHBIX METOIOB MPUMEHSIIOTCS JJis 00OCHOBaHUS
BbIOpaHHOI aspoauHaMHUUecKoi cxembl JIA 1 115 moc-
JIeJyto1iei MOJArOTOBKU K TPOBEIEHUIO IKCITePUMEH-
TaJIbHBIX ucciiegoBanuii B A/IT. DTo mo3BoseT cyie-
CTBEHHO CHU3UTh CTOMMOCTb MPOAYBOK U COKPATUTh
BpeMsI ONTUMU3ALIMN a3POAMHAMUUECKON KOMITOHOB-
ku JIA.

B Hacrosiiee Bpemsi CylIecTBYeT 0OJIbIIOE KOJU-
YeCTBO MPOrpaMM, peaanu3yIolnX TEXHOJIOTHIO BEIUMC-
JIUTEJIbHOU TUIpOAMHAMUKM, Takux, Kak ANSYS
Fluent, NextLimitx Flow, SolidWorks Flow Simulation,
ESI-CFD-Fastran u np. BonsImmHCTBO TporpaMm oc-
HOBaHO Ha CETOYHOM TMOJXO/E U METOJIe KOHTPOJbHBIX
00bemMoB (MKO), koTopble 1al0T BICOKYIO TOUYHOCTD,
WUCIIOJIB3YSl TIpOLEAYypY pelleHust ypaBHeHuii HaBbe—

Crokca ¢ SMIMUPUIECKUMU KOMDGUITMEHTaAMH, UTO TT0-
3BOJISICT MPUMEHSITh 3TU CUCTEMBbI JJISI PEIICHUS 11K~
POKOTO Kpyra MHXeHepHbIX 3a1a4. Pa3Huiia B aropur-
Max 3THX TTaKeTOB COCTOMT B CITOCOOE MHTETPUPOBAHUS
yYpaBHEHMI TeUEHUsI XUAKOCTe! U B CTpaTeruu pele-
HMS YpaBHEHUM.

Meton CFD mo3BoJisieT He TOJIBKO I10JTy4aTh CyM-
MapHBIe a3pPOAMHAMUYECKIE XapaKTePUCTUKI U pac-
npeaejeHue JaBjeHus M0 KOHTYPY TeJia, HO U MPOBO-
JIUTh BU3YAJIbHBIN aHaIN3 00TeKaHMS TTPOGUIIST U OK-
PYKaoIIEro ero MmpocTpaHcTBa. Takoi moaxom Jaér
BO3MOXHOCTb BBISIBUTh U KOHTPOJIMPOBATh YYACTKU C
HeOJIarONIPUSITHBIM CPBIBHBIM XapaKTepoM OOTEeKaHUS
¥ YMEHBIITNTD KOJIMYECTBO SKCITEPUMEHTATbHBIX UCCIe-
JOBaHUI MpPU BHIOOPE ONTUMAaIbHON (DOPMBI Tesla U
PACITOJIOKEHMST YITPaBJISIONINX MoBepxHOCTe. Kpome
TOTO, MH(MPOPMALS O AEHCTBYIOIINX pacIpeneTé HHBIX
Harpyskax 1o MoBEpXHOCTH TeJia SIBJISICTCST BaXKHOM 1151
aHaJi3a TTPOYHOCTHBIX MapaMeTpOB KOHCTPYKIIMU Ha
CTaIi¥ TIPOCKTUPOBAHWSI.

ITpouecc momemupoBanusgs CFD cocronT u3 tpéx
OCHOBHBIX 3TaITOB: TeHepallMsl pacyETHOM CeTKH, pas3-
paboTKa YMCIIOBOTO aJITOPUTMA M MOAEITMPOBAHUE Typ-
OYJICHTHBIX TEUCHMIA.

I'eHepammst ceTKM 3aKirodaeTcss B pa30oMeHUN 00-
JIACTH TIOTOKA Ha OOJBIIIOE KOJTMIECTBO JIEMEHTAPHBIX
00BbEMOB (sIU€eK), COBOKYIMTHOCTh KOTOPBIX (DOPMUPY-
eT pacu€THylo ceTKy. Jlasee pacu€THasi ceTka UCIOJb-
3yeTcs JUTS BBIYMCIICHHS TTapaMeTpoB IMOTOKA ¢ TIOMO-
11IbI0 YMCJIOBOTO aJIrOpUTMA.

Paznmunabie BEIMUCIUTEIBHBIE CHCTEMBI UCTIONB3Y-
JOT pa3Hble CETKM Ha BBIOOp WMJIM TOJIBKO OIHY OIIpe-
JEJICHHYIO: TPSIMOYTOJIbHYIO, CTPYKTYPUPOBAHHYIO
MHOTOTPaHHYIO WU HECTPYKTYPHUPOBAHHYIO MHOTO-
rpaHHyo. 1 KaxkmIoil CeTKHM eCTh CBOM OCOOEHHOCTH
npuMmeHeHud [1].

CieqyeT MMeTh B BUAY, 9TO, KaK TOJIBKO Ha pac-
YeTHYI0 00JIaCTh HaKJIaIbIBaeTCS CETKa, OCHOBHEBIC
ypaBHeHUS (B MHTErpajibHON (hopMe) — COXpaHEHMUSI
MacChl, IMITYJTbCa M SHEPTUU — TIPUMEHSIIOTCST K KaXK-
JIOMY TUCKPETHOMY 2JIEMEHTapHOMY 00BEMY M UCTIOJb-
3YIOTCS JUTST TIOCTPOSHUST psiia HeJTMHEIHBIX anreOpa-
WUYECKUX YPAaBHEHWI ¢ TUCKPETHBIMY 3aBUCUMBIMH TTe-
pPEMEHHBIMU.

OCHOBHBIM UCTOYHUKOM MH(POPMAIIAN T CUCTEM
BBIYUCIIUTETHLHON Ta30TUAPOAMHAMUKH SIBIISIETCS TPEX-
MepHasi MOJIelb MCCIIeAyeMOTo Tejla, CO3JIaHHas B
CAD-cucreme TpexMepHOT0 TBEPAOTEIbHOTO MOIEH -
poBanus. OCHOBHBIM OTpaHWYEHUEM Ha CIIOXHOCTH
MOJIEJIN SIBJISICTCS pacliojlaraeMasi BBIUMCIUTEIbHAS
MOIITHOCTD TIPUMEHSIEMOU BBIYUCIIUTEIBHON MAIITHEL.
ITox cTOXXHOCTBIO MOAEITA TIOHNMAETCST HAJTMINE MHO-
SKECTBA MEJIKUX 3JIEMEHTOB, TaKMX, KaK BBICTYITHI, YT-
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JIyOJIeHusI, 3a30pbl MeXXIy a71eMeHTaMu. Hanmnuue Ta-
KHX DJIEMEHTOB MOXKET MPUBOIUTH K HEOOXOIUMOCTHU
HCIIOJIb30BaHU 0oJiee MEIKOM CETKU U, KaK CJIEACTBUE,
K YBEJIMYEHUIO KonmuyecTBa syeekK. C pocTOM KoJIM4de-
CTBA sTYEEK YBEJIMYMBAETCSI MAILIMHHOE BPEMSI PEILIEHUS
3amaun. [1o 5Toit mprdYHEe MOIEHN, UCTTOJTb3yeMbIe ISt
anamm3a Merogamu CFD,no/mKHBI UMETh MUHUMAITb-
HO He00OXOIMMOE KOJIMYECTBO 3JIEMEHTOB.

BorunciauTenbHbIi 9KCIEPUMEHT

B kadecTBe TeOMETPUUECKOTO Tella ISl pacuera
A3POIMHAMIYECKIX XapaKTepUCTHUK U 3aBUCUMOCTE C
HCTIOJTE30BAaHEM CHCTEMBI BEIUMCIIATETHHOM Ta30T I~
POIMHAMUKHU OBIT BEIOPAH TTOABECHOM MOIKPBITHLEBOM
TOIIMBHBIN 0ak oobemoM 1150 1 (puc. 1), ucnonnsy-
eMBbIi1 Ha pa3uHbIX JIA. BuptyaabHble mpoayBKH O0aka
MPOBOAMIIMCH B IMAIa3oHe ymioB ataku o = —60...+60°,

.’\a\' -

Cy(a,B,M):W;
CZ(G’B,M):FZ(GC;—E’ND;
mX(a’B’M):W;
my(G,B,M)zw;
mz(a,B,M):w’

Puc. 1. O6wwMii BUA MoaBecHOTo Oaka

cKoJbxeHus B = —60...+60° npu 3HaUYEHUSIX YUCIA

Maxa M = 0,4; 0,8 B yclIOBUSIX CpeAHE BBICOThI YPOB-
Hs1 Mopst 1o TOCT 4401-81 [3]. B npakTryecKoM IjiaHe
Jana3oH YIjoB, CKOPOCTEe, TeMIiepaTyp 1 T.A. orpa-
HUYEH TOJbKO MapaMeTpaMy MPUMEHSIEMON BbIUUCIIN-
TEJIbHOM MalllMHbI 1 PacIojaraéMoro BpeMeHH IS Ha-
XOXAEeHUs XapakTepucTuk. Cama e cuctema He Ha-
KJIaJbIBaeT OrpaHUYEHUI Ha KOJUYECTBO (PUKCUPOBAH-
HBIX paCYETHBIX TOYEK BUPTYAIbHBIX MPOLYBOK.

BreruuciaeHue aspoaHaMU4ecKnX K03 GUIIMEHTOB
MPOBOAWIOCH TIO (hOpMyJIaMm:

F.(a,8,M)

Cy(a,B,M) = s

e F, Fy, Fz, M, My, Mz — 3HAQYEHUS CUJI U MO-

MEHTOB B 3aBUCUMOCTH OT YTJIOB aTaKW CKOJLXKEHUS
¥ 4nciia Maxa; ¢ — CKOpOCTHO# Hamop; S, L — xa-
pakTepHBIe pa3Mephl TeJa.

B kauvecTBe IeieBBIX ITapaMeTpOB TPU pacyeTe
OBITY BEIOPAHBI BETMYWHBI CHJT, TIPUJTIOXKEHHBIX B IICH-
Tpe Macc 6aka, I MOMEHTOB, ACHCTBYIOIINX OTHOCH-
TeJIbHO IIeHTpa Macc.

s MomeTMpoBaHUST OOTeKaHUs TeJla PUMEHSIIIaCh
MIPSIMOYTOJIBHAST CeTKa C MCITOIb30BAaHMEM aJTOpUTMa
TOCJIeTOBATEIBHOTO APOOJIEHNS TIepBOHAYATBHOM CceT-
KM Ha 0oJjiee MeJIKUe STYEeKM 10 Mepe MPHUOTVKEHUS
K 1IeJIEBBIM 3HAYCHHUSIM 3aJaHHON TOYHOCTH.

Takoit moaxom 1moKa3ajl yIOBJIETBOPUTEIBHBIN pe-
3yJIbTAT ¥ SKOHOMUIO MAIIMHHOTO BPEMEHU B ciiydae
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OTCYTCTBUSI CphIBa TTOTOKa. [Ipy HaWYuM cphIBa IO-
TOKa IPOOJICHUIO TTOIBEPTaeTCs TOIHKO 00JIACTh 3aBUX-
pennit. Ha puc. 2, rme npeacTaBieHbl BEIYUCIUTEb-
Hasl ceTKa M paclipeieJiecHre TaBJICHUS TIPU yIJie aTa-

K1 0= —16°, yrie ckoibxeHus 3= 8°u M = 0,8 mmocie

OKOHYaHMS BBIUMCIICHUSI, TIOKA3aHbI 00JIaCTH C pa3ind-
HBIM pa3MepOM BBIYUCIUTEILHON CETKN: KPYITHasl CET-
Ka BAaJu OT Tejla — MCXOAHasl, BOJIM3U Tejla — pas-
IpoOJjieHHas U YTOYHEHHAsI B Mpoliecce BBIYMCICHUIA
M3-3a HAJIMYMS 3aBUXPEHUI TTOTOKA OKOJIO TTOBEPXHO-
CTell paccMaTpuMBaeMOro Tea.

st 00pabOTKM 1 TTOCIEYIONIIETO MCITOIb30BaAHUS
pe3yIbTaTOB OblIa MPUMEHeHa (PYHKIIST MHOTOMEPHOM
WHTEPTOJSIINN [2], TTO3BOJISIONIAsT MHTEPIIOJIUPOBATh
3HAYEHUs IO BCEM OIpeleIcHHBIM HampaBIeHUusM. B
JAHHOM CJTy4ae WHTEPIOJISAIINS 3HAYSHWI IIPOBOIMIACH
0 TpeM HaIpaBJICHUSIM: YIJIbI aTaKW, CKOJIbLXEHUS U
yucao Maxa.IIpumeHenne pyHKIIMKA WHTEPITOJIUPOBa-
HUS TI0 CeTKEe 3HAUYCHW obecrieynBaeT BEIYMCIICHIE
adpOIMHAMHMYECKUX KOd(MMUILIMEHTOB IS JTI000I Be-
JIMIUHEI YTJIOB aTaK!, CKOJIbXXeHUS U urciia Maxa B 3a-
JTAHHBIX npenenax. Ha puc. 3 mpencrasieH pe3yiabrar

157736
144181
130585
117010

1039

80860
76284
62709

43134
35558

Pressure [Pa]

Puc. 2. PacueTHast ceTka M pacrpeieieHue JaBJIeHUs

Puc. 3. UHTepnioapoBaHHas moBepxHocTh Ipu M = 0,8
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WHTEPIOJISIINY 3HAYeHU a3pOIMHAMIYECKOT0 K03-
(pumeHTa MO yrjiaM aTakKyd M CKOJBXKEHUS MPH YUCIIe
M =0,8. Ha moBepXHOCTH OTMEUEHBI TOUKH TTPOBEIE-
HUS pacyeToB ¢ MPUMEHEHNEM CUCTEMBI Ta30IMHAMM-
KU, TI0 KOTOPBIM MOCTPOEHA TTOBEPXHOCTD.
J10CTOBEPHOCTh PAaCUETHBIX JAHHBIX,TOJTyYeHHBIX
10 OMMMCAHHOM METOIMKe,IPOBEepeHa CpaBHEHUEM C
pe3yabTaTaMu TPYOHBIX KCIIEPUMEHTOB (KO3(hhUIIU-
€HT m_) U NpeiCTaByeHa Ha puc. 4. Kak BUIHO U3 rpa-
(rka, pe3yabTaT pacyeTa XOPOIIO CXOIUTCI C MMEIO-

BoiBoapl

OnucaHHas MeTOAMKA 1aeT BO3MOXXHOCTh OMpe/ie-
JISITh adPOJIMHAMUYECKHUE XapaKTepUCTUKU I'py3a Ha
paHHUX 3Tanax pa3padoTkKu 0e3 MPoBeAecHUS TPYOHO-
ro 9KCIMEPUMEHTA, MO3BOJISIET CYIIECTBEHHO CHU3UTh
CTOMMOCTb TIPOAYBOK UM COKPATUTh BPEMS ONTUMMU3A-
1IMA a3pOJIMHAMUYECKON KOMITOHOBKM Ipy3a Ha Ioc-
JIAYIOIIMX dTafnax MpoeKTUPOBaHUS.

IIpumeHeHUe TIpenIoXKeHHO MHOTOMEPHOU MH-
TEPIOJSILIMM 3HAYEHUI aspoJHaAMUUeCKUX Koahdhu-

N
I

025 E
v.oJ

RS

—4-3KCMEPUMEHT B
AOT

=&-pacyeT CFD

< 3
WNM 5 10
0.05

Puc. 4. CpaBHeHME C 3KCIIEPUMEHTOM

IIMMUCST JAHHBIMU TPYOHOTO 3KcIepuMeHTa. Pacxox-
JeHUsI TpaUKOB BbI3BaHbl, BEPOSITHEE BCETO, CICAY-
IOIIMMU OOCTOSITEILCTBAMMU:

— npoayBku 6aka B AT mpoBoauMch Ha YMEHb-
IIEHHOW MOJENU;

— MMEJIO MECTO HaJn4yre METOAUYECKON OIIMOKU
aJIrOpyUTMa pelleHUs] YpaBHEHUIA;

— HaJU4YMeM METOIMYECKON OIIMOKU B aJITOPUT-
M€ MOJEJUPOBAHMSI TTOTOKA Ta3a;

— YIOPOLIEHUEM TPEeXMEPHON Mopaeau Oaka st
OCYILIECTBICHUS] aHAJIN3A;

— mnorpeitHocThio camoit AT (kecTKocTb aep-
JKaBKU, BJIUSIHUE CTEHOK U T.I1.).

LIMEHTOB TT03BOJIIET BBHIUMUCIIATh 3HAUCHUS IS JTIOOBIX
BEJIMYMH YTJIOB aTaKu, CKOJIbXeHUs, yucea Maxa, reo-
METPUYECKUX KOH(PUTYpaInii 1 T.1. B 3apaHee OIpe-
JIeJIEHHO 00J1acTH.

OnucaHHas METOIMKA 1aeT BO3MOXHOCTb PacCum-
ThIBaTb a3POJAMHAMUUECKNE XapaKTEPUCTUKU HE TOJIbKO
pa3pabaTtbiBaeMbiX JIA, HO U XapaKTepUCTUKU CYIIIE-
CTBYIOIIIMX M3ICJINI B OoJiee IIIMPOKOM THara3oHe.
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Abstract

The provision of store release safety is one of the
issues that arise during the development of aircraft store
transportation and separation systems. In general the safe
release refers to fulfilling the following requirements
during the store flight in the vicinity of the carrier after
its release from the launcher:

— elimination of the possibility of collision of the
store with the airplane itself, its structural elements or
stores, which are installed on the adjacent suspension
points;

— retention of the store spatial stability on the initial
segment of its flight path in the vicinity of the carrier;

— absence of thermodynamic impact from the
exhaust jet of the store engine on the structure of the
airplane itself,its propulsion system functioning and
other stores.

It is possible to solve the problem of store separation
safety at the stage of transportation system design and
release method development. The appropriate solution
method is based on the analysis of the results of modeling
of store spatial movement in the vicinity of the airplane.
At that the reliability of aerodynamic characteristics of
the isolated store and flow, which is disturbed by the
plane, is important for the simulation.

As a rule it is necessary to conduct wind tunnels tests
to obtain aerodynamic characteristics. Reliable
determination of safe release modes requires conducting
a large number of tests at different angles of attack,
sideslip angles and Mach numbers. The presence of
folding aerodynamic elements of various configurations
on the suspended stores increases the amount of required
wind tunnel experiments dramatically. Thus, the
determination of acrodynamic characteristics of isolated
bodies and interference can take a long time. Conducting
tests is generally not feasible at the early stages of system
design under uncertainties of some design parameters.
In this case it is expedient to use computer technologies,
namely, computer engineering methods. Such methods
provide reliable analytical support through the use of
software suites, which are focused on computational
analysis of gas and fluid dynamics (CFD).

The software system, which performs CFD analysis
and processes the virtual experiment results, was applied

to the analysis of an external fuel tank. Such fuel tanks
are widely used on various types of aircraft. Virtual
simulations were conducted in a wide range of angles
of attack, angles of sideslip and Mach numbers. The
results were processed by using a multidimensional
(multivariate) interpolation function. Such function
allows the research team to calculate the values of the
aerodynamic coefficients for the entire range of angles
of attack, angles of sideslip and Mach numbers. The
relevance of the obtained aerodynamic characteristics
was confirmed by the comparison with the available data
of the wind tunnel tests. The comparison showed good
consistency between the calculation by CFD method and
full-scale experiment. Slight differences are most likely
associated with the following circumstances:

— ascaled-down model of the fuel tank was tested
in the wind tunnel,

— presence of a methodological error in the
algorithm, which was used for solving the equations,

— presence of methodological error in the algorithm
of gas flow simulation,

— the three-dimensional solid model was simplified
for the analysis.

The described method allows the designers to
determine the acrodynamic characteristics of the stores
at early development stages without conducting the wind
tunnel experiments.This can reduce the cost of wind
tunnel tests and time, which is required for optimization
of the store aerodynamic configuration, significantly.

Application of the proposed multidimensional
(multivariate) interpolation allows the designers to
calculate the coefficient values for any angles of attack,
angles of sideslip, Mach numbers, geometrical
configurations and other initial data within a pre-defined
range.

The application of the described method allows the
researchers to calculate the aerodynamic characteristics
of both newly designed and existing aircraft in a wider
range.

All of the mentioned above confirms the efficiency
of computer engineering methods, especially at the early
stages of aircraft design.
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