545 BRI S 2 L— g VAR AR D T A 2013 FRoCdE 53

5 s — /b RIS 2 FUINBSRAL O AR DUN T

K H I (JAXA/ISAS), HLZR f#, P27 BLRL

(FRBHRYE), I iz, i L (JAXA/ISAS)

Effect of Magnetic-Field Configuration on Electrodynamic Heat Shield

by

Yasunori Nagata (JAXA/ISAS), Yu Satofuka, Yoshinari Watanabe (Waseda University),
Kazuhiko Yamada, and Takashi Abe (JAXA/ISAS)

Abstract
In the electrodynamic flow control, a weakly-ionized plasma flow behind the strong shock wave could be controlled by the applied magnetic
field around a reentry vehicle. The magnetic field configuration is a controllable parameter, and then, the magnetic field can be inclined to
the body axis to generate the asymmetric field. Recently, the influence of the inclined magnetic field was experimentally and numerically
investigated. However, they didn’t agree qualitatively about the in-plane component of the side force based on the plane defined by the body
axis and the magnetic pole. Meanwhile, when the magnetic field is inclined, the out-plane component of the side force acts on the body due to
the Hall effect according to the MHD simulation, but it was not yet confirmed experimentally. Then, in this study, the side force acting on the
magnetized body was investigated using the arcjet wind tunnel and the MHD simulation. As a result, we confirmed that the out-plane force is

clearly measured and its direction agrees with the MHD simulation.

The inclination angle dependency of the magnetic field on the in-plane

force is significantly affected by the plume size. The experimental result is similar to the MHD simulation in which the finite plume size is

considered like the experiment.
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Fig. 1 Schematic view of the electrodynamic flow control.

BT 7-BEOEERRFINTNS 8D ZnEToOERTIE, T
7186 K OBMRIERTE N 7 M O kE 7] (EPN 77, In-plane force) (243
RPN TWDA, HNIIC OV TIEHER E MHD 35
& CREMBERMG I A RE < B> TR, EEMICH
B LW, E7z, MHD BHEFRICE 2 &, Hall ZhR o
BN L o TR IEIR AN 7 oA ) (5470, Out-plane force) %
fEAT 2 Z EAVRIBEN TS, ERMITITHER S TR,
7 — 7 MEARIF TIE Hall SR8 SN S -0, ' s>
THERIFHITEX 2 FWEMERDH D EEZDND.

2 CARMFIECIE, EBREFHH & MHD FHE & 0 A VEE RS
L7280, BESAINAEANZER T 28 0ICB L TRt & 1T o 7
BARMZIE, 7 — 7 MBRIA &2 AT, BRI E R4 A RE
\ZDWTHN ) & S Oy OFHAEATV, REARER & 4K
HOBEBEERGMCT S, £, ERICEDE MHD #4235
ML, F2BrE MHD 35 & DERIZHONWTELREIT).

2 g
21 RHLME

TR, P XACETE A 25[deg], / KL H M E A S
30[mm] Td B /NHD T — 7 MBEIR & HVTiFo 72, AER
CBT BT T R~ RS Table 110"+ 9. 22Tk A
H A A 8 110 [mm] DAL E TEHB S K2Rk 42 R LT 5.
COLEDT AT H AT 8[lsec], BAE L 15[KW] T
b5,

Table 1 Test flow condition ®.
Test gas Argon
Mach number 1.7
Max total enthalpy, MJ/kg 1.1+
Pitot pressure, Pa 160 *
Static pressure, Pa 34"
Flow velocity, m/s 1097 *
Heavy particle temperature, K 1200 *
Electron temperature, K ~ 6100 *
Neutral particle number density, m=  2.05 x 10%*
Electron number density, m=3 ~1x1019+*
lonization degree ~05%
Electric conductivity, S/m 731

* Measured.
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Fig. 2 Experimental model.
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Fig. 3 Internal configuration of the experimental model.
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Fig. 5 Experimental setup and measurement system for the side force.
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Fig. 13 Influence of the plume size on the side force.
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