o

2

>
30
pal

!

L

| S &3] x|

A164, Al3%, pp.53-59, 2011. 3 / 53

transitions at the nose of the payload fairing. Before performing the coupled fluid-structure

UNSTEADY AERODYNAMIC ANALISES OF SPACE ROCKET CONFIGURATION
CONSIDERING PITCHING MOTION

D.H. Kim* Y.H. Kim? D.H. Kim? S.H. Yoon? G.S. Kim? Y.H. Jang® and S.H. Kim*

In this study, steady and unsteady aerodynamic analyses of a huge rocket configuration have been conducted
in a transonic flow region. The launch vehicle structural response are coupled with the transonic flow state

transonic aeroealstic

simulations transonic aerodynamic characteristics are investigated for the pitching motions of the rocket at finite
angle-of-attack. An unsteady CFD analysis method with a moving grid technique based on the Reynolds-averaged
Navier-Stokes equations with the k-w SST transition turbulence model is applied to accurately predict the transonic
loads of the rocket at pitching motion. It is shown that the fluctuating amplitude of the lateral aerodynamic loads

imposed on the rocket due to the pitching motion can be significantly increased in the transonic flow region.
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Ak A9 8HCFD), $-5'2ALA|(Space Rocket), -2-<3(Transonic), H173/3-3-5(Unsteady Flow),
%-8-%5(pitching motion), =21 E(Flutter), ¥ =(Buzz)

olm] 19501 dthell FAeA FJFAQl 7ol dd A
FAE B FHole ARl 43d il
mgfel & 'AF 2 s ' A7 st 9l
of SR okl glojAE mmoLt 2ol BETkE
ZH) 7]8S gr3lk Aog dAdE

SN Me=el W= olu] 196410l NASAS] 3t
o2 A Ao} HaE 571 AlF- 7]E okl ol
3] “A7)7]F(design criteria) 7ol e HIAMES Wzl A}
g7} deH1]. ©1% Volume IIl - Structure 32| Section 1-&
ek SHaeroelasticity) A7t AAE ZelE|(flutter), H=
(buzz) 2 TholwH~(divergence)[2] A Aol that &S
MR TR e, ol MEe] AR AN
Aol BA Ugo] ulg- F83H tFolof sk Al
S HoFE HEolr)

NASAS] A7l wh2H 1] P A|(space vehicle)= &
A S AA e BE e vlekg 224 dis) Hd] 5
SHdynamic pressure) ===¢] 1.328] AY(Fig. 1)7FA4 ZiE],

o]
-
Bz gl golH s o] WSk s AAsta, oA

A X (analyses) = AlS(test) S s BE AF Hu
ME AFEE rgsta Atk THEAEH A HE



54 / B MFH SEHE X 15d8-718 3-8 ANF-AFT-FITc-ATF
Alz=glo] ZtE7] olxelth whebA, BAldlE FAT H
Flutterboundarys, TR THE s wAEY] e 2EW W2 dd T
) ,Minirr_1um r?qgired flutlgr Tg_‘ @Q@ﬂr %j\o] —’Fﬂﬁﬂ’l}‘ 7]%9—i Cﬂ]é@' ‘)l: 9)\\—‘:‘ Bo]'%ol
l NG EASA iz Aol el T vlge] 2eu

b / \ AeSE F5AHe] 9T Aotk
: / \ v} M= Wae] AR 2FW] WEY EE FANS
° / NN 339 57k 77N (dampen®] A& e TY A4S A7)

4 > WA o R EQe w2 ds WH|steiof 3ttt
Operating envel(f)pe limit \'“"-.___ 2124 v e 1 AuubA A Hao] njXEA uwjio
e e 1o AE Aol uhg ok old ARy uE
Mach Number o, 71219l wAlgE FAdRsht 71572 e} vkeA] 7)A
Fig. 1 Launch and exit phase of flight Mol el A2 wshhs ol A OMF} _E_Baié]‘ =
28 XY S, vAE EAlole =R FAsh 4
Aoll= 44 2 Aol 483, skex, 2% TEAEHYE o} ZAwe] Wy 71Ae] nAg g i A7e &
&8k Al2~el WA(tolerance), misalinement 2 -7Z(freeplay)ol AE o1& F Sk A 24 SZA3Hnormal shock wave)
g FFS wed daAo] deS ANt AUrk =3 o shhel AASS wg Ee 5 dedds dogH,
2gh A7 AFele A efxnwnt oyt 44 8% SATe] §1A|9F Zwol upel L Awrh WslelA "k o
AL THds Aol dside HESfoF 35 AHstal W og oiE Al 2 W3] diF] wazte] 0%l
th E sy Fad He N vgAg Fdde How g P URE 3R AE e AlE2ER(et stream)
ol ool WAAle] FelH Ee Hed W= dNS 1A AG(MA Fo8 58 1% 10km F-ZolA AU AhHe
(detecting) 3}71918F 717] “FX(instrumentation) & WH=A] =) B Agole AEe] & 4 weas AE & ¢ 3
ok 35 Trgstal ek t AEXAEHLS BE 9% 30~40% Alo] F%E Ake] A
Ref. 19] Ao w=m Zeje 2 tlo]mas 4o FoA AN MEA sHow Smim Hi= Zlo] ohyal
o3 (symmetric) 2 ¥R (antisymmetric) % (bending), H1E wWE Ao olAuA v 1 3 3364 km A%
(torsion), = 353l(chord bending), =2 (lifting surface)} 1 Fl

Tl A= LA e] W57 g8

zZ(control surface)?] 3| 2 EA o F33} REHY 7
S BE F23 AFEE ugsle] JushA didsof &
AR Stk EYE e} tolH s sAE A% P ¥
sl 3}%(unsteady aerodynamic forces)E2 ol A
& 9 S%23% F9d g8 Thse A9 s AR
z e
4 271 o]
AAE A Z3E PdA e (margin)o] A

FEAE

[d

-
T

—
D
1%
—

Nanr

7 HEEA] ok oFs AAstaL gk &E oA AY
d= ezt @l ZIste] i ¢ gl AAAE &

I} o] aLzjsojof gtk
£3], ek 9Y9(0.8< M< 1.2)0XE wh/U, <0.3

1 A=

23U WZ(buzz) A A TFsA ol o

D
A9 FEAEe WgAL Ak PN b 2FH

A

semichord, wi& ZFHe & FI5 1Bla U &
L2 u)ditl FuE NASAS A7 A4S AT
= CFD N/S Z= 2 FEM 7198 A A FEbyg

EES

FAe]
A
A

e X
-
o
32
o
oo
£

%0 do uE
e B 2

N
-
ox.
>
o
=
=.
=3

o

=R

—

D

w
=
e

A 2gke Sgste] FrEskal gtk
2. 73y 7|1
)73/ 454 Reynolds-averaged Navier-Stokes (N/S) &

A Al AL o3 22 B (conservation form) )

EaAA o2 vERd 4 Qlth
op 9 —
8t+ o (P“i) 0 o]
0 0 w0
ot (PUL) + oz, (puiuj) = oz, + o, [7_1‘,j+Rij] )



TUAA] 39 3

284 AN HEAN

A16d, A1, 2011. 3 /55

(b) Surface grid of rocket

Fig. 3 Computational grid for the Atlas-Able IV model
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Fig. 4 Longitudinal sectional Mach contour for the
Atlas-Able 1V configuration at M = 0.85
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15F o] Experiment (Graham and Butler, 1960)
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Fig. 8 Comparison of pressure coefficients between experiment
and computations for the Atlas-Able IV model at M=0.85
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