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ABSTRACT

For a high-enthalpy flow, it has been suggested that shock layer formed by the body in a weekly-ionized flow is enhanced as a

result of the interaction between a magnetic field applied to the body and the flow. According to the theory, the scale effect of the

interaction is organized by the interaction parameter defined by the ratio of the magnetic force to inertial force of the flow, which

includes not only the intensity of the applied magnetic field but also the flow parameters such as density. In this study, the scale

effect of the interaction is investigated experimentally, by varying not only the intensity of the applied magnetic field but also

other parameters. For this purpose, the high-enthalpy flow generated in the expansion tube is employed. It was confirmed that

the influence on the shock layer by the interaction is almost proportional to the interaction parameter as the theory suggests.
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Fig. 1.1 Schematic of the interaction between plasma flow and

magnetic field around the body.
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Fig. 2.1 x-t diagram of the expansion tube operation.
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Fig. 3.1 Dimension of the previous expansion tube (upper) and

the present one (lower).
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Table 4.1 Operation condition

Initial pressure (Filling gas)

High pressure chamber (Air) 2.77 [MPa]

Compression tube (He) 101.3 [kPa]

Medium pressure tube (Air) 1 [kPa]
Low pressure tube (Air) 4 [Pa]

1st diaphragm rupturing pressure 49.5 [MPa]
Initial temperature 300 [K]

Fig. 4.1 Measurement system around the test section for
measureing flow condition.

Table 4.2 Calculated and measured flow condition.

Previous Present
(Straight) (Expand)
Calculated test flow condition
Density [kg/m’] 4.99x107 8.81x10™
Static pressure [kPa] 10.1 0.695
Shock speed [km/s] 15.2 9.0
Flow velocity [km/s] 13.0 13.1
Measured flow condition
Static pressure 50 04

(Behind shock wave) [kPa]
Shock speed [km/s] 11.8 11.3

Test flow time

(After shock wave arrival) [us] 40~60

13~25
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IR A OUGEIC & v R D RMIREER S 0 7P AlAo 1.00 1.00 376
B} . _ . p [kg/m’] 4.99x107 4.99x10° 8.81x10™
D2 EEER L. IMEOETHE, doERioKHIzE
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W 2 e % ORI 2 BRSO R 25T 5 . BIT] 035 0.74 0.73
Q 0.14 0.62 2.08

% Case DRI L 4 FCH/OLNEBEFFICL DK
TURREZ VT RE S o T T3 A — X % Table
5.1 IZ7:9. Casel & Case2 ClIBILTHE DA &L S
TEY, BuEH D Case3 TILAPREE & B DR
REE2ZEETWD. B DOEDOFHITIE, B
ATV DA LA OC WD R WAL O JE 0 2T AL S
N5 EEE O % Fig. 5.1 O X 9 ICHR LR a2 17 -
7z. % Case OO M X 2 Hlkliff % Fig. 5.2 1%
T ISR ETR 2 O S8R A R BTy
L, ZNENOEBD L ERgfiiiEsr —BIEDH 89
AR LD THDH[4]. b ERD &, MGER
M5 Z &TREBEATOERE PR L TV DHER
FEMRT D ENTED.

5.2 X ERBEDORNIBESF

& EBHR E OISR 434 L0 ER AN RSO 2 b Fig. 5. Measurement system around the test section for
OERALEAT ). 2 2C, JEAFIC L H k0w~ measureing shock layer

QP EEs, RE), ET) ENLOMLRD 101k

FREOEE A W TR IEBENR O R AT, &

Fig. 5.2 Shock layer images for the magnetized model (lower) and the non-magnetized model (upper).
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Fig. 5.3 Calculation model of the radiation intensity. THRITE DI L EEBRNICHRT D2 N TEL.
Fig. 5.4 Distribution of the radiation, density, and pressure along Fig. 5.5 Distribution of the radiation intensity along the
the stagnation line for the non-magnetized (Case3). stagnation line for the magnetized and non-magnetized (Case3).
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Fig. 5.6 Relationship between the difference of shock stand-off

distance and the interaction parameter.
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