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Abstract

This paper presents some result€&D calculationsandflight dynamicsmodelingof the EX-
PERT re-entry vehicle The man goal of this paper ishe validation of developed software
packagedor aerodynamics anflight dynamics calculationsihe CFD computations were rpe
formed using the CFD code ug3D developed in Institute for Problems in Mechamiesrier-
cal simulations of higispeed flowslnitial data for 6do-f computations incluithg aerodynamic
and massnertial characteristics was formed based on-&eeess datandCFD calculationgor
a wide range of Mach numbers and angles of attalight dynamics computations weper-
formed using the higbpeed aircraft flight dynamicsolver MODIN consideringearthrotation
and form.The results of a comparison of the obtained trajecamy flight parametersf the
EXPERT vehiclewith the Europan Space Agenagsultsare presented.

Keywords: re-entry, aerothermodynami¢saerodynamic coefficientdlight dynamics valida-
tion.
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Dependence oéltitude (from the left), Mach number(in the middle)and Total angle of attack
(from the right)on thetime offlight for EXPERT vehicle
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(5)
+8,7 coy , ( cos/, cos g+ sin j cog ysing g- 2Wcos  sin

Vcosqgnzgsm g (gsn+acoy , sinj) sin y g

+\écosqtgA sin y-2Wsin f €0s jcos ,WE) q
| HOdds? Ndmbjd Lo dy ad2 {d ddn@ s fdy
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TF =V €ng;

)
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|

T Vcosgsing
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rddzodisd uj mMCdj EktwOsdej dd™ Ho d) jodzdi”tc S5 I digdifie v dz' O
' 4 oirg (7

e
Tw =

I 'x

|

i M | 4w

{Wy: yS (XI z) x (7)
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|

ilwzzMZS (1) 4, )wew

|
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HddzOBBd S d § 5

BeKTOp COCTOSHHA
(3eMHas CKOPOCTE)

I

v

PacyeT KOMITOHEHT BEKTORA CKOPOCTH
peTpa B HopmanmeHoi CK

I

PacieT KOMITOHEHT BEKTOPA JeMHOE
cxop o¢TH B HopMameHoi CK

}

PacyeT BO3AYIMHOH CKOPOCTH
H ee TIQNOKEHHA &,, i,

I

Pacier nono:xenta Cesasanuoi CK ot-
HOCHTENbHO B03AyIIHO-CKOp 0cTHOH
% ¥a

!

OmpeeneHHe 3P ONHHAMITeCKH CHIT
H MOMEHTOB B B 031y ILIHO-CKOP OCTHOL
CK

!

PacaeT NPOEKITHIT TIep eTPY30K Ha OCH
TpaexropHoi CK

I
v
C HOBBI BEKTOP COCTOSIHHS )

t dip.¢ e sted s EZug
otsL gz j dzd 2

ITOCKOCTD MAIOTo Kpyra,
cofepiKammas MecTHVED
reorpadHIeCcKy0 mapaniens

HadaTbHBIR
(rpUHBHUCKH)
MepHIHAH P

IUIOCKOCTE
3IKEATOPa 3eMIn

MEPHIHAH, COTePRALTHEA
TeKVINes MONOKeHHe UeHTPa
Macc

[ di5.) J gAY d destc BOMX AP Misd 57 ¢ 6

V.=V W,
axg —ng -Wxg ¥Ycosg cosy, WXE,
ayg =Vyg Wyg ¥sing W,
aZg=VZg -WZg =Veosg siny. W;
[ sHEZd otLHEhds?2 MEtsttshisd
Va=\Vag NMayg Vazg
[ OdzdzOW oL HEN dzOW

(9)

(10)

(11)

e @ dsd) Iz O s @Ods Wrhd) Gl H 2" dzs

e Btotsfls dzts ¢ 50, ¢ WO fjtg® |s Msds@zsidigis | & dzs o j Cs-sts O

6 5 82,
m&dd Mmdad

d dsd3d dzls'
sinb=cosggsin &in gis , ¥) ycos dw,

SftejHjdvsls O tesHddzOBd Ui MS dJ
Hj2Mmiolkzs h g}

g kg

C s W Widyd ) dz

&z0 [ ¢.

cosg s,

sing =

cosb

cosa sin bsin J cos(Jsin &n dbs- gos s

sing, =

1HiRi e tsdz dZOS dztsdz® o j S Iststc @ o tsL HEzM dats 2
YVaTkeosdz B3y HE (o dig MbgekssEBtcd L 5 @sXQ¥Ez( izl ¢

cOSg,

cosg, gsin Jcos ¢ds . ) ¥ sin sig, -) g ysin cog cc

(12)

MeEpsnhed
i c

kjots?2 ofSLHEN dfgR @S ByRfdsdBY s 0o dzj dzdzd). dzO@ Mj o § to
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V,
g, =arcsin=>2 (13)
Va
. Vazg
Yy, =arcsin— (14)

r 0dzj Jj , md dzr (15 dgt©dgmdglsfls @ddz I j dz' dzts o tsL H)z " dats 2
oL HENCARHcsMisdzr » ke dzse Ol L2, ffzMisdzy PF degd o H-tcOts g
L sC.

Xa=CalS X =G,05 £ =G ¢ (15)

GHGxaCya,Caail SBL WW dydjdzlst O totsH d dzOd yj MS M =Wfhagz, L O
e dzO DG ORYtsdzby jJgRie o tsnls dzg20.5MHO T o

] ZtcOo dzj ded W B 8) H addiytfjtddef WL Iz(¥ Is qw L dA©wm @ JAY lsftsdiffgitcd ¢ to
B4 S tststcH d dzOls, 0 md dz d 3tsigg tzts s mif GBSy Y@k BB 58 59
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SBtOL S Odef2. | dzv dOYUOXZO tsftejH jdzd syl (1 HJj 2 Mls

Ry = -X,cosb cosa ¥ sin a Z sin #&os,

Ry = X,cosb sina+Y, cos a £ sin &in,

Ry, = -X,sinb # cos ( (16)
vsOCdd3 tsBtOL 503, By dets s ftelg enizg scd2ddfs) dEQ toff ¢t L Cf
s M {14)

n B 17)

R
n, = —RAX , ny =AY , n,
mg, mg, mg

1 Olsd &3, ©fted HJ dzd B £ issfecrtgbzOlsd asffipd Alg dagidzdets 2 5
Ne stesdlsd (1

N, = N,Cosb, cosg -n, cos Hsin am, sin,
n, =n,sina; +n,cos g,
n,e= N,sinb.cosg r, sin psin .ang cos (18)

CH) Cddagj BOdUjMSd) ked OOSH mMSsd 3jddw d ¢
12, btd Ct BEGsHBED] dj B2 MSswesmlsd (1

sinp, = cos gsin &in ¢ds . ¥) ycos qw, Jyg Ein cos gs,

cosggsin Jcos gds ¥ ) ¥ sin si;m, -} g ysin cosg cc
cosb ’

sina, =

cosa sin bsin J cos(Jsin gin dos- gos sin
cosg

R, OCGdjvy, MCoshmbd j §jttjctekl Cd S t§H] dv

d8) ( itsy dets H toj sBtcOL sSoj@ldclz L € i telBDj Sigffte dits, ¥ jdmjsts B(R2 C

BB HdzY tejh jdedVv fyddinded 3" [ diz teip o Gz fighs{ W B)jHAB ] Mo S

Ne = Nyes Ny =Ny COY, 'nchin G Ne= nycSingc ,.COS ¢ (20)

sing, = (19

fls
H d
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