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BOTT—_R—DFMANTHY . AETIERV, FHEICBWT, k=0.1512FH%4
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2
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6
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Lox10° —Wind on
. 0.01 0.1 1 10
Frequency [Hz]
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1.0x10" ,
1.0x10" Il

PSD
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L0X 107" —Wind on

0.01 0.1 1
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N\ W
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1010 —Wind off] .
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Static ,\N"
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(f) R JFE A A
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Y
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===r/D = 0.40 ===r/D = 0.40
15.0 15.0
£ £
g g
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2 2
2 2
=] =]
5.0 N 5.0 A y r
~ 3 - DY RS« OUN
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-180 -120 -60 0 60 120 180 -180 -120 -60 0 60 120 180
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X9 JEHESD B DA TTEAAR A AR
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\ Y _5‘#}

NN Ol

0.0 =
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distribution [%]
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(c) Ap=+135 deg (d) &7 e &
9 WS DORETGTMAMESM ()

B 10 12i% #/D = 0.6, x/D = 1.5 (231 2 8 O ER A E 2~ 4, OMHERIC
IFHFEEREZ R RIS ijwbt;« R e — U eI XK T L LT XD
— AR MVEE 2R, RT3 (o)l LT'T%\?*\’/Z/V@F%%/TLTD\é
FP. FHORERTIZ TR TOF ¥ U RATEBNT St=0.15 DEIR D % L FEn
THEY, BEEKHITHRLNTA ha— Ve —8T %, F7-. ?‘f*‘f@?rfﬁﬂﬂﬁf“
%ﬁ?ﬁﬂéhk: EM DR 235 & FAEENE D 1 St = 0.15 Oy g L FET
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TR LN EGIOZETFEDENESI SR ITEEZ LD,

1
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D-‘ y ‘-N N a-‘ » o P
107 i - 10”2 ]
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(a) FRAIHT (b) BIRIRF Ay =2deg, k=0.15

B 10 ZEEhsE O R (r/D=06, x/D=1.5 Re,=1.0x10")

B 111X #/D =06, x/D=15CBFHEEEER DO — L AE7RT, KITF
L BIEJICEIT S chl.ch3 TN Ena L L TRk ae — 1//203;.4*7,%75»?#
BIORRENCIZ A Fa— L, fitfiliia e — L o 22%KT, HORBROEEND
WL 72D F v v & AR OBl FRZRALE N Z 3\ CTHRVAEBI 2 7~ 7, ﬁfﬁﬁm
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%k@%&% i; %E%ﬁfxz%ﬁk%z?kPﬁﬁﬂaa:iﬁ/’vﬂjﬁbx B L, M E 122 E)
@2 o ul_?@%?“é EEBEZOLND, BIRBROFE R CIFEEEIC LY B D
g A Ta“ FEVEDS chl DFRIZIE chs ESRWVFERE 273723, 2k & L CTHBIREET
i og%fib;:m @Kf%b:&ilﬂ%ﬁﬁ@)% J7 L E£90deg O FHAIAR T OFEEI AN THV ME A1 X4
o ;%?m@%?/zyk@m%@#ﬁtﬁ<%néo:@:&@6\%%
\ M}Eiﬂm VAR B B ORAEMESIREIC LIV EESN, 77 v E S
DX etiiEE L b EEZLND, e

chl
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1 i
—chl 1
— —chl
- o —ch2
—ch4 0.8 L
—ch5 s
, —ch5
§ K —ch7 aé 0.6 i
. £ . g —ch7
Static 13 -
atic o] 5 b
04 8
é 0.4
02 /\k\
7\\ |
0 )
10 10" 10° 10'
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1 i
—chl 1
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N — —ch2
—ch4 08 : .
—ch5 e
, . —chS
§ B —ch7 é 0.6
‘ : e g ch7
Dynamic 3§ 5 -
04 OO
0.4

W, Bﬁ‘\‘ > > ~
11 ZEEERSYODa e —L A (/D=0.6,x/D=1.5,5=0.15)

3 BfEARMT

3.1 ZERAFMOT-DDORFB L OINIES:

) TR LD =R NFHERBR O 5 B, BUE 6.0[m/s] ((REEZERELEZLA LA

10, 000), y #hEI Y OOERE (FRIE 2[deg]) . Edi & BEARICHSL ﬁﬁ%bﬂﬂ%ﬁ?ﬂi%ﬁ
(k) 015 DFEMERE LT (F4), MHEYY OFEERZK 12 c:??“ D
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£ 4 K ORI OINIRZEA

iRy 0.75
LA ) VRE 1.0x10°
KA [deg] 0
IIEIRE y
INIEIRNE [deg] 2
S OTINIRE P E (k) 0.15 (6.0[m/s]iF D 3.6[Hz]IZFHY)

3.2 BEMENTFEB XOHERT

FEFHE L, AT A 3 ot EfE M Navier-Stokes T2 E U 72 FEE H TR AEAT
&L, BHERT XD /NS IR — L O S O % HIXBUER 22 ORI K D FEL S
% &3 % 7- Large-Eddy Simulation (LES) %AT72-5725), ZERIBEBULIL 6 AGREE =
XY NESE L, HEREADTZOIZ 6 RIS 3 \EXA T 4V H— (7 4 V¥ —f%
$0.475) AW, 7o, REREIFESITIE 2 IRKGEE 3 R 2251255 < ADI-SGS &
iyl iV, RO 72 OWNEKERIE A 5 Bl L Lz, sHEAAFITR 13 1IR3 X9
WCHRERR E U, RIS > 72RE G RS Lz, MEERZEER 1 &
L. 3B R IR Ol & BTN 50, i (W) 1220 & Lz, W
RORMEITHAE M, BAESIMHASGZIR L, MR T2 & mi K[
RS 5Z & THBLLE, HRERICHOWE - R8UIE T 601, 422510 201, JE5
[ 181 & L, WL b IEER WIZIEEN T~ 5 %R i &) D BRI~ DB A+ /3 2
SNDHIRBIETH D, 7ok, HEKS I 2 L—& TlE 7700 / — REREFIH L CEHE A
FAT LT,

.
6
X
»
X 12 FHAEJE D A X 13 FHEET

33 FRMTHRER

TP, MO B E 2 X 114 133, FERTRD B A S5 [ O 1
ENETITATATOH 3 IRTHINCHREE L T BB R BN 5, FAE% 7I21E 3 kot
PED TRV E DS ZHAFAE L, BRITETERT D,
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14 FIFEE RS O Bl 1

PR | IRf R SRR PR 2 it U 72 32300 5 TR R FE e oy D & it X & X 15 1877, Zau B3,
x—y P R O x—z i TR L7 X (ZERIES) I3 L TV Ryy) TH Y | FERHRO
Vo IEH 0 O EFED 1.5FETE Lic, x—y Pl EEWY, x—z Fm R
FZ& Eiein) TIRMAERS 7 CHRIROME KRB GHEOBEWEHIPE) 235z FIiZ)A
DD, ZAUE, IR X0 RN OBk FREDS Kb el EE X BND,

(b) x—zFE
15 B I7m R

BRI DZEE RS ORI T AR RER 21X 16 18T, Cv ¢, C IR
A8 < 2R ¢, €, 13 pitch KO yaw JFAICMEI E— A > MEETH S, C,
TS8t=0.05, C.. C, ClESi=015DOE =T BNELND, S1=0.051% Berger3) 52X Y
R SNTAT VR E T ORBEICHYE L, N7 AR B TICHRT RS &
BEAbND, €. C, TRLNDE—7 ZMIREEELFC st=0.15 TH Y | IHRIC
0 HAED FIRICR 2 BEN AT 2 2 L TENRE BT L LER
bNd,
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4 FLo

AKWFFETII A T BV OBPIRLEED A T = AL EMRAT 5729, 7 B2
L 7= AR o BhE0 BIRRER 21TV, T DZER )] & RN OB A7, A% N
e ST BRICHRGT S KIS IS0 3 2 JE R SO IR T JE 4 C 015 BREZIC R 5 2 & %
R U7z, EERRHEEHC K AMIEN D Z O TR L 72 BRIC, &SN imd &
D xR L, £, RGBT 21T\, 2B & BRI —ET D510
oI, THRFFOFNG DEL Do T,

AL E LY BN T (RE S BRICER N LY AL ERIHE A HEE S
%) fERIIELN TRV HE OO, IEENZEHE TGl L O ZER I K& <A1
THREBEEFFETE T, TNOLORRITGRCREEZIT) TETHDH, £l-o T
SIFROBEIREED A B = X LD ST, Fritfoy o vy 22— Hh 7
YL OREHTIE L2,

- 17 -



0.008 1 ‘.“I 0.030 - h‘
{ \ 0025 ||
o.onsf‘ \‘ | |‘
0.020
W AT ¢ ol |
9 0.004 \ Wi o 0015 N
& ‘ I‘.‘ P .‘" \J\l ;\I f\ E | |
\ | "‘ ‘/ ‘Ml‘ \[ 0.010 J
0.002 A/ | in A | )
VA | \f a [\~ 0.005 1 / ",\ n A
A RTANIYAS st WA
| | \ A ‘
/ \ ITAY /\N / U \/—/ 1% \__/\/\
0.000 L V/v 0.000 \" N N N
0.0 02 04 06 08 10 0.0 02 04 06 08 10
st st
® C, (h) C,
| 1.2]
| ﬁ
004+ "l‘ 104 fl\
\ \
\ |
0.03 / |‘ 0.81 J l‘l
5 \ 2 \
i | Y 0.6 [
g 002 ,‘I ‘| g ‘\l |
j \ 0.4 ||
/ | / |
0.01 4 ,/\ff “ /\/ ‘\
/' |\ O-Q‘NJ \
!’\v {/\ - /N \ /\ -,
0.00 ] V N AR 00 ¥a AR
0.0 0.2 04 06 08 10 0.0 02 04 06 038 10
st st
1 C. 0 ¢,
0.8
I
o7y ||
064 ||
054 | ‘|
g \
il
* 034 | I‘|
0.2 /‘ J -
01d/ / | [ A
| AN
0.0 / - v N ’/\/\“—/\f/'vv\,\,,_,
0.0 02 04 06 08 10
st
® C,
B 16 &G MITHER T 2 22 SR D ZE BB 53 O JE IR AR
5 IR

1) Nobuyuki Tizuka, ” Study of Mach Number Effect on the Dynamic Stability of a
Blunt Re—entry Capsule”, Ph. D thesis, The University of Tokyo, 2006.

2) Koju Hiraki, Yoshifumi Inatani, Nobuaki Ishii, Takashi Nakajima and Motoki
Hinada, “Dynamic Stability of MUSES—C Capsule, ” Proc. Int. Symp.

Space. Tech.
Sci., Vol. 41, pp. 945-950, 1998.

-18 -



3)

4)

5)

Eberhard Berger, D. Scholz and Michael Schumm, ”“Coherent vortex structures
in the wake of a sphere and a circular disk at rest and under forced
vibrations” Journal of Fluids and Structures, Vol. 4, pp. 231-257, 1990.
Hiroshi Higuchi, Hideo Sawada, Hiroyuki Kato, ”“Sting—free measurements on
a magnetically supported right circular cylinder aligned with the free
stream”, Journal of Fluid Mechanics, Vol. 596, pp. 49-72, 2008.

Yoshiaki Abe, Taku Nonomura, Nobuyuki Iizuka and Kozo Fujii, “Geometric
interpretations and spatial symmetry property of metrics in the conservative
form for high-order finite—-difference schemes on moving and deforming
grids,” Journal of Computational Physics, Vol. 260, pp. 163-203, 2014.

-19 -



Study on Flow around Oscillated Low Fineness Raito Cylinder for
Dynamic Stability of Capsule

Project Representative
Kazuhiko Yamada

Japan Aerospace Exploration Agency

Authors

Taku Nonomura®!, Keisuke Asai'!, Aiko Yakeno'?, Yoshiaki Abe"?, Kento Shinji'!, Shunsuke Igarashi*!,
and Kazuhiko Yamada™

*1 Department of Aerospace Engineering, Graduate School of Engineering, Tohoku University.

*2  Institute of Fluid Science, Tohoku University.

*3. Japan Aerospace Exploration Agency

Abstract

Reentry capsules are required for sample return missions of spacecrafts such as "Hayabusa" and
"Hayabusa2". The shape of a capsule is known to possibly lead to dynamically unstable behavior at low
speed conditions, and the mechanism is required to be clarified for the future design of the capsule shape.
However, it is difficult to reproduce the dynamic instability phenomena aerodynamically because the
sensitive flow field is disturbed by supporting devices. In this study, a simplified cylindrical model of the
capsule was suspended by the magnetic suspension and balance system of the Institute of Fluid Science,
Tohoku University, and the ideal experiment in terms of fluid mechanics was realized. The frequency at
which the aerodynamic drag greatly increases when the model is oscillated was identified, and it was
shown to be related to vortex shedding. Based on the experimental results above, numerical analyses when
the model is oscillated was performed, and the detailed flow field at the frequency where the aerodynamic
drag increases the most was clarified. In the future study, dynamic instability phenomena are elucidated
based on the basic characteristics clarified in the present study, and the knowledge obtained in the present

study will be utilized for designing capsule shapes.

Keywords: Wind tunnel experiment, Magnetic suspension and balance system, Forced oscillation

experiments, High resolution computational fluid dynamics

-20 -





