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Abstract
In the present paper, Two blunt cone models with 15 degrees of half angle were tested in a high
enthalpy shock tunnel to investigate fundamental real gas effect on high enthalpy aerodynamic
characteristics. The curvature radius of the tip of model are R= 20mm and R= 50mm. The tests were
carried out at 4MJ/kg-14MdJ/kg of stagnation enthalpy and the axial forces were measured by the force
balance with acceleration compensation. The present results were compared with the results obtained by
calculation of CFD. From the comparison between the experimental results and the results of CFD the

real gas effect on axial force was discussed.
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Fig.1 R20 blunt cone model
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Fig.2 R50 blunt cone model
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Table.1 Three-component aerodynamic force

balance performance

Capacity Sensitivity k
Axial force Fx 980N 11.748kN/mV
Lift force Fz 4900N 10.803kN/mV
Pitching moment My 147Nm 47.523Nm/mV
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i Three-component aerodynamic force balance, Fx
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Fig.3 Static load calibration of Fx
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Fig.4 Dynamic load calibration of Fx to
accelerometer al for R50 blunt cone model

T

T T
Method Pre-calibration Post-calibration
B

T

T T
t R50 biunt cone

:\0\ 4 L Accelerometer a2 | stick ® 2
= Mmean=7.81kg Hammer ) o
[l

< - .

7 / ,n ., s ~ >

1 0 g
[

(o]

G oL ) .
£

%

§ 4T Stick Hammer Stick

_6 ] 1 1 ] L N L .
-5 0 5 10 15 20 25 30

Calibration number

¥ig.5 Dynamic load calibration of Fx to
accelerometer a2 for R50 blunt cone model
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Table2. Test conditions and flow condition

Stagnation  Stagnation Static Static Velocity — Mach Reynolds

enthalpy pressure pressure temperature number number

Ho (MJ/kg)  Po (MPa) P1 (kPa) T1(K) V (m/s) M Re (/m)

4 13 1.2 340 2730 74 1.7E+08

7 18 21 650 3420 6.8 1.2E+06

10 17 25 1080 4050 6.3 7.5E+05

12 17 24 1180 4260 8.2 6.4E+05

14 17 2.5 1340 4580 8.2 5.5E+05
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Fig.6 Trace of axial force for R20 model at
Ho=10Md/kg

0.5 T T 250
R20 blunt cone Shot 1224

Ho=10.2MJ/kg —
04+ Po=17.4MPa | 200 ©
i"\\Pitot pressure =3
0.3+ iy 4150 @
N CFD pitot 2
S oo IFREAL MBS lommt oD e AP 100 8
i T e o g
0.1+ i NS0 F
ii Test time o

0.0 ‘i L 1 i O

0 2 4 6 8

Time (ms)

Fig.7 Trace of axial force coefficient CA and pitot
pressure for R20 model at Ho=10MdJ/kg
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Fig.8 Trace of axial force for R50 model at
Ho=10Md/kg
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Fig.8 Trace of axial force coefficient CA and pitot
pressure for R50 model at Ho=10MdJ/kg
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Fig.10 Relation between axial force coefficient CA
and viscous interaction parameter CV2M/Rel2 for
R20 model
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