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Measurement of aerodynamic coefficients in high temperature real-gas flow
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ABSTRACT
High-temperature real-gas effect was experimentally studied in the free-piston shock tunnel HIEST. A wind tunnel test campaign for
aerodynamic measurement with a blunted cone was performed. Free-flight aerodynamic force measurement technique, which was
developed especially for HIEST was applied. In this measurement, a model-onboard miniature data recorder was instrumented on the
model to store the measured acceleration and pressure records. Three-component aerodynamics coefficient were successfully obtained
includes free-stream Pitot pressure at angle of attack from 14 to 32 degree. Under the low enthalpy condition, the present measurements
agreed well with the measurements obtained in the conventional hypersonic wind tunnel JAXA-HWT2. It was also observed that the
pressure-center of the model moved forward remarkably under the high enthalpy flow condition. It was believed that the shift of pressure-

center was caused by high-temperature real-gas effect.
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Figure.1 High-stiffness three-component aerodynamic force
balance for the free-piston shock tunnel HEK.
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Figure.2 Mathematical model of aerodynamic force balance.
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Figure.3 H2B aerodynamic model with JAXA high-stiffness

three-component aerodynamic force balance.
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Figure.4 A photograph of the blunted cone suspended with

two steel wires. Sting was not mechanically connected to the
cone.
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Figure.5 Relation between axial force (drag force) of a HB-2
generic model and wire cable diameter. Angle of attack of
the model was 0 degree.
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Figure.6 Miniature data-recorder mounted on the bottom plate
of the blunted cone. Six piezoelectric miniature accelerometers
and one piezoelectric pressure transducer were instrumented
inside the blunted cone.
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Table.1 Precision ( o ) of the force measurement in

HIEST
High-stiffness Semi free- Free-flight
force balance flight
CA +8.5% +20 +1.1%
CN N.A. +2.2 +1.1%
My N.A. +2.7 +1.6%

. _e

Figure.7 A photograph of the blunted cone just flying in the
HIEST test section. Hypersonic test flow (V,.=5km/s) came
from right to left. Strong luminosity was observed during test.
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Figure.8 Aerodymic coefficients (CA, CN and Cm)
obtained in this free-fall measurement. Open items show the
data, with the closed circles providing a comparison with
blow-down wind tunnel (JAXA-HWT?2) results.
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Table.2 Test flow conditions

Stagnation Stagnation Stagnation Static Static Free stream Free stream Free Free stream
. . stream . . .
temperature pressure enthalpy  temperatur pressure density velocity Mach Viscosity  Unit Re
To(K) Po(MPa) Ho(MJ/kg) e (K) (kPa) (kg/m®) (m/s) (1/m)
number
condition 1 3.04E+03 1.27E+01 3.75E+00 2.88E+02 1.12E+00 1.36E-02 2.58E+03 7.57E+00 1.79E-05 1.96E+06
condition 2 7.63E+03 1.53E+01 1.58E+01 1.33E+03 2.06E+00 4.77E-03 491E+03  6.24E+00 5.19E-05 4.51E+05
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Figure.9 Pressure-center of the blunted cone under perfect gas
condition and high-temperature real gas condition.
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