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Abstract

This work presents the results of the computational analysis for Shuttle orldtgryénto the

dense layers of the Earth's atmosphere along the nominal return trajectory. The computations
are performed using the software package for numerical simulation of aerothermodynamics
and aerophysics of arbitrary higipeed aircraft configurations developed in Institute fobPro

lems in Mechanics Russian Academy of Sciences (IPMech RAS). A numericstigaten

has been conducted under initial conditions corresponding to points along the lower part of the
trajectory on which the aerodynamic control surfaces become effective, over a wide range of
angles of attack, heights and velocities. A series ofrtbst realistic virtual surfaces, which
contain all the basic elements of the complex prototype configuration and correspomding su
face grids as well as volume meshes are created. The developed simulation model is equipped
with a full set of flight controlsurfaces, among which are: elevons, body flap andp@avb

rudder. The complex flow pattern, the interactions of shock waves formed around the three
dimensional orbiter model, the thermal and aerodynamic loads on the aircraft samthtiee

effect of varation of flight conditions on these characteristics are predicted for winged aer
space plane arrangement. The efficiency and cestndaces deflection effect on the local and
integral aerodynamic characteristics (aerodynamic forces and moments) afrthedorbiter

vehicle are investigated for several trajectory points under consideration

Keywords: reusable space transportation system, controlled atmospheric gadrglynamics,
numerical simulationcomputational aerodynamicsoftware systemsunstuctured meshcom-
puteraided design(CAD), virtual prototype, comprehensive 3D models
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The computerShuttle orbitergeometry tetrahedral computational griandthe flow structure
(pressurdield, Pg andMach number distributignaround acomplex confgurationunder thecon-
ditions corresponding ta pair ofpoints along the lower part of thesturn trajectory
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[ dzod3d yd ¢ O 5 5 5 5 5 5
C e/ ( hAM) 1.7¢10° | 16210° | 153210° | 14810 14510° | 142210
U dzsf ctso SH
1 is ] K) dsA 0.0240 | 0.0225 | 0.0212 0.0203 0.0199 0.0195
t OmyJ Isr f totso sH d dzd ! 9 wORE Or &BcHjdzd Mtse jteh
g=14. 1 wL S tsin] sz M L Oo d i) dTfe LGS HsigtzeRfuj Ao Qjls
H
32
m=1.458 310°— (1)
T+110.4
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5. I ydfmdzd s j dz' dzOwv BsH jdz@ Isj yjdedw owL CEts
g dzsy dZOY COwlsddz® oL OddssHj2Msoaks hdn bkHOd A
B H joep d Is Ofgds asPeed Shuttle  § s dzdets? S s sdzso § j, ! ©€OMMy
Lso Odzd j B 1 tetsc to O BA3dzts ¢ SdzdAstE dstf dzj § fR Qg s IO k5O B 14 l4e@s B
qds. ¢. 5. RMd&zddmitsets 61 (RIJIm to1). 1" udiddls
s j ISt Ol Htc OB o jfisiEdy] Cdf' “lsjtedy » SSHEBO, (6]
fsdzdzs? MdMmisj & Lk teO o idajissoR2m OF Rpdy leci@ichgfes t OMMAEFE 2 M Is
[sHEd |btjrdjtds? Ol tskttdcHddoBdSd o' MES &
tesdLotdz dets?2 SCwsdeWdekztcOydd tjOdzdL EjIs dzj MBOYJd s
sjd descts o' Hjdzj dgd™ f S0 j R dats fjlsch’? W@ otedzjodmp. R
ZOBRBIJSd ftososHdlMWw dzgO wMdetsej ~Rtstesh s dL o j Misdz
Sy AHGB i Iy tsd' L soOddj B3 IsjsteOl HieOdz! dz'dm ] Ist
9 Odzdets? BjIssHdCd MsisOo dzv s s Odze tste @ g e34 | gz €z
Losdwshdj ftoddj ddls! Isjodsdseds dO dj ffistks
dz' L soaOdzgdj HOdzdzse s B IssHO dzO dzj toj Gz dzw tecfiz” -
dCd fksCO MYy kO] BscEs GOLO HdW h (it sk HJ
YOlt! COklsddz lstejrndsjtedesets Isjuj dedv Mt Mmdsy ds?2
] HOddzs?2 t©OBl] ©OMMKEOsteds Ojlkmw Istej R &) tcdzOW

Y d BOJ Bs2 MtejHr . | dzv fistsds y@=(L, uwziyjwg oEPrdndie dz 7
] BO kPO dijuEfdi MO &y jls BT ls! LOfdMOEO o oSt
e pF(w) B (w)  FA(w) Glw) G'(w) G*(w)
bt K YH Z XH oy u oz’

g,
s
m

ST T F
(v Y BV B S RS S

Iz
J
0

2
H J
FP=(ru, &2 +p, w, w, uEr o), FY=(rv, ov, V¥ +p, w, vEr+p)
Fr=(rw, ow, w, w# p w & w)T;
iftesy Sydd o CIststcO® Csdzoj SIsdodese s f slsts§ O;
T
G =0, fu bl o W A%, G (00, . fU o8 @, )
T
G*= (Ol‘xz éz AU W yzw 2z q‘l)z

BEjCyudd 8jCt®BO oWLCteE kst O,
i f dzts s dsifHsd o; dzj WMWY | € S Y s dzj dzls ' o j SHY tete @ dzn GO s fif s dizc
J
s

8__

GG dr,, i COBPEd) dis' Isj dzl SO dKLY,Z dE=x sz firiay o § dzd 2
ICoiBf sdej dzls™ o jClststc® Isjf dztso s s ff tsilsieds®.C MOt dfdg@ s d
Eilsmw MmMtso 3 Misdes ) bktcOodzj dzd j &3 MtsMmissw dzgdw Mmtso j to
{ Mdetso dzOW dHJ W d3j |gtfrd) difsiflgftisd & da dw@ s d ds- § ey,
YydsdzOtedzets?2 fd Mmls jidg'ls S @#)®Do difyj ls Pd g d@de sy toj M j dzd
mMeh jMmMlsolzj s, f sz yOjlsmw o tjL kzdz O] EkMmlsO
Bdo Oj Isw dzO dzgj MC Sds Ayl  HsfOdfjtHo]. dzv 8Os fiffvd tdfotadtsagz ]
ORj stess fslstsCO BjL EZyjko 1+ WWjChktses fjtcj datsfy
JdesmO, bkydl' o0¢hdj Gac@®ndgudksy e Dy ki i d&k6&d
dzd yr twOfmyjlsde = wWyjjSebsm® bBtogelsoj B RsBP gels s§ to
Ldzt J LdzOyj dzdw e OL sHddZOBdUd MEder f OtcOdf-Istctso
, difkzdz MO d 1 dzgjteedd HdzW COYHBGEt 1 dzj d3j dzgs© d
rdzv o ftesSCMddBOyYdd EtwOodzj dzd?2 dzO C O HBEZS L SO
jydzr = GBI jdBse. | tw©OBRBCOR HOdEsets fSHARBHO it
Hdzr » s Ctdzalstetsdz! desdsz tsBi j A3z (Isj Istc Ot HicOdz! dats a3

o8 STaSSFEI

WQ—
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0. . o jsezpp tek] ' ¢ ksB gz oo Odzd j MY k1S GpasBratdelstO dz' dzts 2 fls |

E> -1 tl L flh d® — I g
<uuvivn_|a v N .ES”"

f:(u,v,w,p,oﬂ,taI), i =L.N,j %.4,a x=yz;, bXxy,. (3)
1 HiWitsel jjeds s s§aqas®,0n ' f SR te tdddutiAgls iz ref i ogls O ;
yddadgy MnesiisOedvs oW j 4§ dzg iy | ditg tef Qs . tJ OdzdL
tOMmh j§dzj dedw g5 WdLdu M ddshitezmny] fpfs@izk h tisteHits-@ Listizl j1
sdfdzr » YSHLOHOY Yt orf" ydmdzj deds fYslssCso yYjtejL ¢

t OMMdzOtcdo O BOW MrjBO dhiiils Bd hs2 L OfOM
ZOdzdydj &z L dOoydlsj dz’ dets? Of f tesC Md BOY J s dedgpl swvsL € t
o O0tcdOdzs O B IssHO ttOMh jfdzj dzgdw, B EZOHOE N jeiIs  j too
CGsdzOdz! dz" » MJjICOr Mnaj d3dzOY o w L Ctsfls! HtedoatsHdls €
BT Is! fr]tsq’Ld3cthq’d30 il WdLdujmMSts2 owLCtMmls: s wegdd H
sjfddso s o desdls ftsctej hdetsimls: tjh jdadw, dzj zMBicOdzd o3
odl fH Mtidej dzdj yYJ dzj MssBtcOL desMis: § tod d3j dzd dzd W
sjyjdzed?2 dzO IsjlstcOt HicOdz! detsdz tcOL B d j dad d .

[dzv fsor M jddw f§tstewHCO Istsydetgfgs(d dudfgdzizdadsts? fig-
LOREC Or RBjbSHO WOMM jdjddY s YdLduimSdd sy
f slstsC s AAWEM UpbtreamSplitting Method) B4 sMmdztseo Odzdz" 2 dz2O 6
9 jSC st foltsCtss dgMEdR » f OtcOd) sctsdz! 1ddD] d3'tcIO dAf] 5K
tSBJfr]l]’J Yydoojls OfftetsCmMddBOyder obtttets fSicWHEO ISt
L tsdz B dzihq’n GtcOHd j dzstse, CGHJ otL B3ty dets fyded 3 j dzd |
6. tJLEzd sOIsT ydmdzj dedztse s d3sH j dzd tets o O dzed W

1d Sslsste’ § toj L Zdzt s®lsdzd s dn@apdiztzss so ditsj fitetsMmls to C
Hidzjded2 c¢OLBHJdAOB]U) MEdn § OtcOdfjtshiedsdoy jofpSdifeLtd] fifQa
ftoj HiNlsOo dzj del7H dz® 1tz S 5D SR OjChstede 7 by S

tdMm,1140s Bh jji fHtjHMisOodzj ded] k& @Gwldsfdndsts ols jay J
MstczO@Mhtds st Pz s dzd L d SteB d Is O dAf tetafsQ Lisdz dfrgizy tHddi QRO
sBlsj OdgMtsise j IsMmise zg ™ W | dz jiisistifgicd wdeld y dzj e 5 EZ4yO0Mmis¢ O
Bjlsdets] EMitstejdedj HtslssCO dzOBdzs HOJ Ismw dzQfis - Yy j dals
oJtorndzsmilss 8 Cter dzO.

10 B tet o jHjd teO My jtdsdlyfjtc j G digp dids ezls t6 O dz
dets a3 tsfnj o s 1) ot tiztf @ dzf lf eOftedadiy sdetpis dzv f 58 {5 & § K26 fyis dats 2
Mis 2§ $pdegShuttlen dzv  tc OM M A3 is tc j Idzdzts & to Eppazsy O D 2 o ts1B diAOM isdfd:

(tedfl3) GBOLEs kMY ©OLdJyds j 55 fteslswy jddsmlsd
HOo dzj dzd v, Ctltsterj Wstdkdtksl Mooy dzs COtlsddl Lk
"OEOCljtedmisdCd dmhmdjHE] B2 §Sojtrdshisd.j -46L HC
ssydy j] BoHjdd fsLosdslk ©OLEjhdls! MiokSkkolk Ik
LSS Od desEts §sor hjdadW HoOLAz HaGER d2Q jnipEEs i & @t f 9d
COBRS OF dzj Mistek ¢ Is iz t6 dl ts tup Cfiptiscii®efnds itz R t5 H @s.ls | sdzd & 5
ded wilzs ¢ 5 H Oo dzj dzd W o Hf dzcb i d R fasHnds s € jsdedpte O d S tor dzC

{ Oz 4 H | d3ts dzf Istsjfustzdpilsls Ols T ©OMYj SO oL Hj 2Glse 2y b
0Ol HJ&OKBIU)MSdE @OC to sl HdflesAsotsdrjr deaizj RS W 1o @izdzrls T »
Ctod s d yd/igaf RdizO M {] teigivoed o dzjdad X Steff Iz fpitc O d&ftardalzi= fJd W
wWo MW bkfdse d2, MmMosle jlMmlsoksh dE o nj df gEz &5 st
L Oder di® | te@MdCd ¢ Lo tsawdy Jnfsbijckmils GoHodjda@ddzd ug M d -
n Ot OC Is j tefdnfsiz]] HErdy aizjpsdrisy
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v fase § dMEwELEGT BHBs zOdesds, MY J o Ottds Mmded L
TEYHj Y ©OMMBOkicds O Bses yOfMksSo ktOjSkstdd,

H = 50.3 kv, M = 8.2, o = 30° H =41 kv, M = 6.5, 0. = 25

[0l

H =35 kM, M = 5.5, a = 20° H =30 kv, M =4.5, ¢ = 18°

H =25 kM,

9.1 sdzy d Mfj @AEE sdzts Mdztsy dets 2 & 5 dels @ 7D Wz fadfeShutle ©  dg-j
Odz' dztsdys tsfp dvts d3 j fr) dgfeditledlstsal e 5 EZYyoOfmlsC O IstcOj Clssted d
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[ Sz te3] 1 ¢ RSB ez otse Odzd j MY Iz IS GpasBrmitelstd dz' dzts 2 fls |

H =50.3 km, M = 8.2, a = 30° H =41 kM, M = 6.5, 0.= 25°

H =35 kM, M =5.5, a = 20° 84| H=30km,M=4.5,0=18°

. U te jrajikiede U j sEd dzts M dzts y dzts 2 5 € 5 dz 6 & dg® digihEShuttle
qielzs h dj v lot1ptr Oinj digddaddzijne 5 2 Y © fiylastil] 21s ta@fjffjldntgdal © o
re Isfjtejyd = M yd ddwna
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H =50.3 km, M = 8.2, 0 = 30° PRS | H =41 km, M = 6.5, a = 25°

H =35 kv, M = 5.5, 0 = 20° 30000 H =30 k3, M = 4.5, o = 187

6425

1 5646
3720
2669

| 2254
2123
1966
1774
1109
516
209
8

PRS
35530 H=20 KM, M=2.0,a 10
7654

5767

4286

3017

2468

221

2111

1966

1799

1184

477

t 121 tstm Oo dzj( dzd@B dzd L d  f sio g o B O dgls SateBhuties  y j dzs e O dz' dzfs
sMjotsd MEHQ dafdidazEs v R OB jCOs h jets fcBEORk UGssEDj B
dzr i3 ssys O
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[ Sz te3] 1 ¢ RSB ez otse Odzd j MY Iz IS GpasBrmitelstd dz' dzts 2 fls |

H =50.3 kM, M = 8.2, a = 30° H=41xrm, M = 6.5, a=25°

H =35 km, M = 5.5, 0= 20° - PRS | H =30 kM, M = 4.5, 0= 18° -
» 30000

6297
4373
2902

— 2260
21
1922
1468
579
575
562
253
8

U t6 jrRjigptzds j wsiSdedirs Mdzs ) dzs 2 s € 5 dzb 6 @b dz® dghdeShuttle
delze M dj Y It O dpdiafazic 5 YO MEGE @] 38 ©6 2P Hageex] d ,
e Isfjtejyd = M yd ddva
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