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Abstract

The flight speed of space plane or reentry capsule reaches 8~12 km/s and the temperature behind the shock wave become tens
of thousands of Kelvin. Due to that, development of heat shield systems is one of the most important tasks. Current main heat
shield system is the thermal protection tile and ablator. These systems utilize thermal protective structures for reducing heat flux.
These thermal protective methods can not be reusable because thermal protective structures are damaged in one reentry flight.
Given this factor, in order to develop a future thermal protection system, we need to consider not only protecting vehicle
passively from aerodynamic heating, but also reducing aerodynamic heating actively. To reduce aerodynamic heating actively,
the method using magnetic force has been considered. In this method, plasma flow behind the shock wave is controlled by the
applied magnetic field through the electric current and Lorentz force. In the present study, using expansion tube, we generated
the high enthalpy flow, which approached real flight condition comparatively, around the test model with applied magnetic field.
And we visualized density variation around the test model, and search the shock stand-off distance in the varied magnetic field.
By evaluating the shock stand-off distance from the images, we confirmed that the shock stand-off distance is increased with
increasing magnetic field intensity.
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Plasma flow

Plasma flow

Fig. 1 Mechanism of the interaction between
plasma flow and magnetic field
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Table 1 Expansion tube Operation Conditions

Component Value Mater_lal
/Species
High pressure chamber 27 MPa Air
Fill pressure
Com_pressmn Tube 101 kPa He
Fill pressure
1st Diaphragm Steel,
Rupture pressure 557 MPa 1.8t-0.4d
Medium Pressure Tube .
Fill pressure 1.0kPa Alr
2nd Diaphragm
Thickness 12 mm PET
Low pressure Tube 4Pa Air
Fill pressure
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Fig. 2 Schematic of the expansion tube
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Fig. 3 x-t diagram of the expansion tube
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Fig. 4 Schematic of experimental setup
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Fig. 6 Magnetic field distribution on the stagnation line
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Fig. 7 Stagnation pressure measurement
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Table 2  Free stream characteristics of test flow

Variable Value Source
Shock speed 12.66+0.32 Measured
km/s
Flow velocity 11'?(5i0'31 Calculated
m/s
Static pressure 14.24+2.5 kPa Measured
Stagnation pressure 1092'?3};12'09 Measured
Temperature 4875+775 K Calculated
-3
Flow density 7.91ik0.343>< 10 Calculated
g/m
Mach number 8.274+0.50 Calculated
Test time
(After the shock 35~50 ps Integrated
arrival)
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Fig. 8 Test time and pressure history
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Fig. 10 Sequential photograph of the shock layer
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