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ABSTRACT
In the electrodynamic flow control, weakly-ionized plasma flow behind the strong shock wave could be controlled by the applied magnetic
field around a reentry vehicle. To control the flow field, a very strong magnetic field is required and it could be applied by the superconducting
magnet. However, the superconducting magnet system, including a superconducting magnetic coil, an electrical current source, a cooling
mechanism, and refrigerant, is large and heavy for a reentry capsule such as the Hayabusa capsule. Thus, in this study, to avoid the use of
the superconducting magnet, the electrodynamic effect by multiple weaker magnets such as permanent magnets is numerically investigated.
According to the MHD simulation, the drag force can be also enhanced by the multiple magnets and it is clearly affected by the magnet array.

Especially, the aerodynamic force part is significantly affected because the wall pressure is varied near the magnet. Therefore, the multiple

magnet array might be as effective as the strong single magnet for the electrodynamic flow control.
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Fig. 1 Schematic view of the electrodynamic flow control.
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Table 1 Uniform flow condition.
Velocity 6500 [m/s]
Angle of Attack 0 [deg.]
Temperature 222 K]
Pressure 6.07 [Pa]
Density 9.48x 1073 [kg/m?]

005 01
X[m]

(a) Single magnet case (Rysc. = 0)

(d) Type 3 (Ryc. = 0.89)
Fig. 3 Applied magnetic field intensity distributions (left; on the
capsule surface, right; on the plane passing through the magnet
center).
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Fig. 4 Computational grid.
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Fig. 5 Computational domain and boundary conditions.
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Fig. 6 Influence of the magnetic configuration on the drag coefficient.
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Fig. 7 Pressure profiles along the plane including the magnet center.
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Fig. 8 Lorentz force distribution and pressure contour in the case
of type 3.
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Fig. 9 Pressure contours on the plane including the magnet center.
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Fig. 12 Front view of spacial distributions of induced electric current.

4 Fk»

R ORI Z 3 Ot ELE U 7258 ORISR S — )V IR
DFEEICONT, MHD FHHIC KB /8T A MY v T « ARXT 1 7%
1ofz. DUFIC, AW CELONIEHIRZE LD 5.

1. IRAREGIRE & & A R—)LE— X > b ORI CHE,
WA SN 7 & LT, Lorentz I X551
DETRFARETH D, RN KB RN DNTIEH—
WHIR TR ONBHNE T Z2IA 2 EWNARETH B T &
Mootz

2. WA OBENEIC X > TEmT oM E L, wahis
O LcEENNE L, FRAITIEL Z 5 EmICH B
TEhbholk.

3. Radial Array & Staggered Array 0D 2 Fl%HD RS A BCY] % AR
FU, B RO IS U TR AN 270,
BHCOVWTEME XD RFUIDNEL, HEREL L
BEAABUZ 0T LUK T2 2 &b o 7z

SBOTEL LT, 4RO MHD HETEE L TWiW Hall 4
ReEETH L LI, REAAaiZHRL TV, Fz,
AT DN VIS INBIHNCS K 5 TEH S N B HRE & AmicD
WTHE 217> T L.

S R

1) R. W. Ziemer and W. B. Bush, “Magnetic Field Effects on Bow
Shock Stand-off Distance,” Physical Review Letters, Vol. 1, No.
2, 1958, pp. 58-59.

2) J. Poggie and D. V. Gaitonde, “Magnetic control of flow past a
blunt body: Numerical validation and exploration,” Physics of
Fluids, Vol. 14, No. 5, 2002, pp. 1720-1731.

3) H. Katsurayama, T. Abe, and D. Konigorski, “DSMC Simula-
tion of Electrodynamic Aerobraking on a Reentry Capsule in a
Hypersonic Rarefied Regime,” AIAA Paper 2011-3467, 2011.

4) H. Otsu, H. Katsurayama, D. Konigorski, T. Abe, “Impact of
the Lift Force by Electromagnetic Flow Control on the Reentry
Trajectory,” AIAA Paper 2011-3466, 2011.

5) C. Park, “Nonequilibrium Hypersonic Aerothermodynamics,”
John Wiley and Sons Inc., 1989.

6) H. Otsu, D. Konigorski, and T. Abe, “Influence of Hall Effect
on Electrodynamic Heat Shield System for Reentry Vehicles,”
AIAA Journal, Vol. 48, No. 10, 2010, pp. 2177-2186.

7) Y. Wada and M.-S. Liou, “A Flux Splitting Scheme with High-
Resolution and Robustness for Discontinuities,” AIAA Paper
94-0083, 1994.

8) S. Eberhardt and S. Imlay, “A Diagonal Implicit Scheme for
Computing Flows with Finite-Rate Chemistry,” AIAA Paper 90-
1577, 1990.

9) H. A. van der Vorst, “Bi-CGSTAB: A Fast and Smoothly Con-
verging Variant of Bi-CG for the Solution of Nonsymmetric Lin-
ear Systems,” SIAM Journal on Scientific and Statistical Com-
puting, Vol 13,1992, pp. 631-644.

10) PAARE:, BEEFIER, TILU(O) milLEED & IDR(s)-R2 % & [A]
BiCG &AM DRI ), JUNKRZERZER S AT LS
EEOTE, 16 %, B 15, 2011, pp. 11-16.

11) JKHSEI, (LR, 22kt TS —IV RRIRO T 5 A
b IR U Tt ), TR 25 AR T O 15 Y RY
v L, 2013.

12) JKHSES, (HHEAE, kL, TR R & 2 s
ML RN DRI BT 2 BB 1, TRR 25 AR BRI
TURIT L, 2014,

This document is provided by JAXA.





