S ARSI AR 2 R Y I 2L — ¥ g YT VR DY 42011 F R 101

SRRt 7T X~ RAIENC 551 % HUINRE G RCAT ORPBEC B9 % BUER# T
K 8 GRETRY), Kk B (SRS, LB AIE, Rt UAXA)
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Abstract
In the electrodynamic flow control, a weakly-ionized plasma flow behind the strong shock wave is controlled by the applied magnetic field
around a reentry vehicle. According to the experimental measurement with an arc-jet wind tunnel, the electrodynamic effect is influenced by
the magnetic configuration. In this study, the numerical MHD simulation was performed to investigate the influence of the inclination angle
and the intensity of the magnetic field. The present results show that the circulation region is generated around a body when the magnetic
field intensity exceeds a threshold value. The manner of the variation of the aerodynamic force associated with the magnetic field inclination
strongly depends on the magnetic field intensity because the circulation region causes the drastic change of the flow field and electromagnetic

field.

1 HR

KRRZEAMD & 5 HiBEE TIRT T 2 RTEIC & > T2
B oBEERET ST LRI CEELMETHS. RECD
X3 ahnBc T BEEE LTI, MRAZXAILVRT7 T L—4&,
BB 2RO ENERLE N TV ES, ThbRREAR
DB LWHIEARIBICIES N5 T L THHBRBREN R E, BOEL
FATACEIHLL, ERIAMERO—RAELLTEZLBNT
W3,

RS CRITT 2RO ZE MR BREE 2 5L LT,
FIREE 2 VL THNEA RS R 2AEIERI N TS D,
EETRITT A A0 IRV ERENSREL, HREAOD
K[BENBRERZC LT, HEPBRRICHARC D, BEHSS
AREEL 725, BFBE TS ANRIBEEEZFD, BERDIC
HESCREECHEEE S C L TEMIPRET 5. Fig. |
BZOMERTHY, VAT AIHDOEENT MV, BIZHIM
ENBRIBAY MV, JREERRESRBEREEHNTRLT
FEINBER, Jx B EFEEER L IOREEIC & - THMAIE
9% Lorentz 1 TH 5. BERBAICERIMEETSC L TEH
BEMEAL, BNBHET 5 L TIARBRICORNS L
PRHEENTW. Fk, 759ARICHERT2ERNORIERD
BRICE C e THAMBINT 2 L EZ LN TV 5.

CNETOMETIE, WEIPEIHAMERWTOYEREEZ R
WHE UTHEMTONTE LN, BEBOREREI ST L TH
BICERT 2 10MEAEBN RS 52 L AT — 7 RRE AV E

with Magnet w/ Magnet
g
rd

Induced Current

Fig. 1 Schematic view of the electrodynamic flow control.
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Fig. 2 Computational model.
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Mach number 21.8

Reynolds number 3.58 x 10°

Velocity 6500 m/s]
Angle of Attack 0 [deg.]
Density 8.60x 10~  [kg/m”]
Pressure 542 [Pa]
Temperature 220 K]
Gas Constant 286 kg K]
Specific Heat Ratio 1.41

Fig. 3 Computational grid.
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Fig. 5 Static pressure distribution around the body in the cases
of @ = 0 and 45 [deg.], B,., = 0.50[T].
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Fig. 6 Static pressure distribution around the body in the cases
of @ = 0 and 90 [deg.], B,., = 0.50[T].
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(b) X-Z plane (top view)

Fig. 7 Static pressure distribution and stream lines in the case of
B,r = 0.50[T], 8 = 90 [deg.].
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Fig. 8 Shock wave location and the stagnation point location
on the X-axis vs the magnetic field intensity, in the cases of 6 =
90 [deg.].
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Fig. 9 Reverse flow region around the body in the cases of B,., =

0.50 [T].
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Fig. 10 Electric potential distribution on the X-Z plane (top
view) in the case of B,; = 0.50[T], 8 = 90 [deg.].
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Fig. 11 Electric potential difference around the body vs the mag-
netic field intensity.
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Fig. 12 Induced electric current distribution in the case of B,., =
0.50[T], € = 90 [deg.].
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Fig. 13 Integrated Lorentz force along the stagnation line (X-
axis) vs the magnetic field intensity, in the cases of # = 90 [deg.].
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Fig. 14 Aerodynamic force exerting on the body vs the magnetic
inclination angle.
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Fig. 15 Aerodynamic force exerting on the body vs the magnetic
field intensity.
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