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ABSTRACT

A novel force measurement technique has been developed at the impulsive facility HIEST, in which the test model is completely non-
restrained for the duration of the test, so it experiences completely free-flight conditions for a period on the order of milliseconds. This
technique was demonstrated with a three-component aerodynamic force measurement with a blunted cone of total length 318 mm and a
total mass of 22 kg. In the present wind tunnel test campaign, records of pressure, axial force, nominal force and pitching moment were
obtained under conditions of Hy= 4 MJ/kg, Py= 14 MPa. This demonstrated that the system worked correctly in the short test duration and
harsh conditions typical of HIEST. Use of this data-logger allows the elimination of a large-diameter sting, ending concerns about the
sting’s interference with the base flow of the model, which could cause serious errors in measurement in wind tunnel tests.
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Fig.1 The ‘Free-fall force measurement technique’.
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Fig.2 Block diagram of the onboard data logger
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Fig.3 The miniature data-logger mounted on the bottom
plate of the blunted-cone wind tunnel test model. The
logger has 6-channel piezoelectric amplifiers and 4-
channel piezoresistive amplifiers.
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Fig.4 Measured data was transferred to the host PC via
a USB interface

This document is provided by JAXA.



ARSI AR 2 R Y I 2L — ¥ g VY VR DY 42011 F Uk 183

Data logger
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Fig.5 Schematic of the blunted-cone model. The model has a cavity inside, where the miniature data-logger can be installed.
Six accelerometers were instrumented inside the model. Four of the six accelerometers are shown in the figure.
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Table.1 Specifications of the miniature data-logger.

Sensor type piezoelectric ICP type (PCB )
and piezoresistive (Kulite)

10 (six channels for
piezoelectric and four
channels for piezoresistive)

Number of channels

Input -10 Vto 10V
Resolution 16 bit
Sampling rate 500 kHz (for each channel)

Duration 400 ms

Adjustable from -400 ms to 0
ms with onboard micro switch
IR photo-switch. (with LED

Pre-trigger

Trigger arm system

indicator)
Size 100 mm x 100 mm x 70 mm
Battery life 2 hours
Interface USB
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Fig.6 A blunted cone is installed on the ceiling in the
HIEST test section, held by two electromagnets. The
model will be released in synchrony with the test
flow’s arrival. The trigger signal for its release will
come from the facility initiation signal.

This document is provided by JAXA.



184 FHAZENTERR R O JAXA-SP-11-015

Fig.8 The test model and the model catcher immediately
after the wind tunnel shot (#1923). The blunted cone
successfully soft landed on the catcher without any
damage. Model and data-logger have been reused
through the present test campaign.
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Fig.9 Time records of aerodynamic coefficients
obtained in shot #1908. Axial force coefficient C, (top),
nominal force coefficient CN (middle) and pitching
moment coefficient Cm (bottom) are shown. Pitot
pressure history is also shown on each figure.
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Fig.10 Aerodynamic coefficients (CA, CN and Cm)
obtained in this free-fall measurement. Open circles
show the data, with the xs providing a comparison
with blow-down wind tunnel (JAXA-HWT2) results.

Table.2 Angle of attack of the blunted cone model.

Shot number Angle of attack (degree)
#1912 17.1
#1913 16.9
#1914 16.9
#1915 16.8
#1916 17.2
#1917 16.8
#1918 16.9
#1919 16.1
#1920 16.9
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Table.3 Test flow conditions

Stagnation Stagnation Stagnation Static Static | Free stream | Free stream Free
. . stream . . Free stream
temperature pressure enthalpy  [temperatur | pressure density velocity Mach Viscosity Unit Re (1/m)
To(K) Po(MPa) Ho(MJ/ kg) e (K) (kPa) (kg/m®) (m/s)
number
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
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Table.4 Angle of attack of the blunted cone.

20 Difference from HWT2
CA +1.04% 4.1%
CN +0.96% 4.5%
My  +0.45% -2.5%
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