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ABSTRACT
Flight performance of a reusable sounding rocket during turnover was investigated by numerical analysis. In this study, we first carried out
the numerical flow simulation to obtain aerodynamic characteristics in dynamic conditions. This simulation is based on three dimensional
unsteady full Navier-Stokes equation, and a flow field is solved by an in-house code, LS-FLOW. After that, we solved kinematic equations
of a rotational rigid body using obtained dynamic characteristics. This analysis is also carried out numerically by using the 4th order
Runge-Kutta method. The calculated body is of a simple baseline shape whose aerodynamic parts, fins, strakes, canards and so on are not
attached. However, simulated conditions are based on the actual flight environment. For validation, we first compared the numerical flow
simulation with the wind tunnel test data in a static condition where an attack angle of the body is fixed. Agreement of those results is
satisfactory. From the results under the dynamic conditions, we could evaluate the dynamic damping characteristics of pitching moment
during turnover maneuver. As a result, we confirmed that the breakdown of the longitudinal vortices during turnover largely affects flight

performance rather than the dynamic damping effect.
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(b) Pitching moment coefficients
Fig.3 Comparison of static aecrodynamic characteristics
between experiment and CFD
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(b) Pitching moment coefficients
Fig.4 Comparison of static and dynamic characteristics in
CFD results
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Fig.5 Comparison of flow fields between static and dynamic
conditions (Color:pressure on the body and the central section,
Lines:surface stream lines, upr:static, lwr:dynamic)
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Fig.6 Relation of pitching moment and free stream direction
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Fig.7 Difference of dynamic characteristics by rotational
direction

Jed. HREIBAAAIC Y 7= AR Z L 2 L E#& 2 DA 90
FEET (to) OFT—A 2 MEEEZRTH D, KL, [
U OFFFFEIC AR T TN HERWVEZ R L TV 00
DMb, I, WHhwAE YT U T E—A L NOX Y
VIR LI T ENTED, LavL, 90~120 EORT
EIZIERMICE— A > RREINT 2R L 6D, 2
A, B [RIHETES) O H T ORI 5 it o BRI
ERLTWS, 250 Bi%, EHLIXZNE TOMT
FERCREICHR L TE T,

Fio. HfA 180 B CGEREAEY) F CITHAAN EIE 215 1k
T 50 180 FEA#E 2 CHIEE LT 2 0%, 2 O OEIRY
E— AV MFERRESEEL LD LERGICTHRS
N5, 90 FELIEDENR/nE— A 2 MFEEZ RDRY . Wb
DL THRNELTRBY, ZOZ L, Aoy
TN RA MG L TAEERE LIRS L0 b, ERRIC
I3 180 B (GERERE) ICELRLTWI L EZRIBELTWD,
—5. BEIR2Y 180 FEIZERTIZ /) — A DH & BN EIH 1
IRV DA EEZD, ZORBOET— X M, -
o FADE—RA Y NMEEEZEZ DVLENDH D, EITERT
1%, 180 E~00 JEDOHPH T XA v BV I ERL LD BHND
23, 90 E~45 EOHFPATIIZ B IR BTEL Ao T
Do UL OREHIL, FERMICERERETERICRE <
THED LRSS,

WA, TR R RO fifbA2iE L T, kT~
OB yF o rE— A2 MR L 5N
YOk &7, Fig.8 IXIEFMExE (KA, BEgE
V) L M 130 FE 230 BRI BIE 1004 L RIS
HARE L7 b O Th 5, M 230 EofFE1E, Hf
130 FE CHiRlER DG E L S TH 5.

B OS5, HA 130 EE ke LCllA 230 Eo
1E 9 NEHE ST HE 0 B I RETREND & &R
LTRBY, £OZ Lid Fig7 TRUEFEMEE %L T
e
PLED X5 ic—HER IS 8 L - BRI T S T —
A MEMEIZFE CAAICK LT, oA mIC LD K
ELHWBTL I ENHRTEL, LPLARBL, £0O—F
T, APREESAHT, b billf 180 FERTHE ClRMER ST
WL DRMEOEIT/NNINENIEM LA BND, LIZd-o
T, EBROERAIRIT TOEFREE T (180 EHifk) TO

This document is provided by JAXA



5 44 BRI R IR ) TR S 2 L— g VIR LR U A 2012 30k 183

BENRDABOTVEZEZD &, ETRARL K D 22 ElEs S
FIC LB Z o TEEOBEWITIRE TR LW E R
T ENTE D,

@ degs
~4BBEEEEEIEESR

v

2L 1] .00 4.00 LX) B0 1000 1200 1400 1600
time{wec)

Fig.9 Kinematic characteristics of the body with constant

Fig.8 Comparison of pressure and surface stream lines
between positive and negative rotations (upr:AOA=130degs,
Iwr:AOA=230degs corresponding to AOA of 130 degs in
reverse rotation condition)
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Fig.11 Kinematic characteristics of the body with variable
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