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Abstract; Hypersonic aircrafts need to endure extremely critical aerodynamic heating environment. Arc heated wind tunnels
are the main facilities for ground assessment and filtration of thermal protection materials. Heat flux is one of the important
simulation parameters of the arc heated wind tunnel, which needs to be measured accurately and effectively. Based on the
characteristics of the flow in the arc heated wind tunnel, comparison measurement tests on heat flux of traditional slug calo-
rimeter and coaxial thermocouple have been carried out. The numerical simulation on the heat transfer characteristics of the
above two heat flux sensors has also been analyzed. For the plate free jet tests in arc heated wind tunnel with heat flux range
of 0~1 100 kW/m*, the heat flux test results of coaxial thermocouple are 109% ~15% lower than those of slug calorimeter.
The numerical simulation results indicate that the heat flux measurement value of the slug calorimeter is at least 10% high-
er, which is caused by the thermal physical parameters mismatch of its structure. While, the coaxial thermocouple has bet-
ter measurement accuracy and the maximum measurement value deviation is only 2.19%. When coaxial thermocouple is
used in the heat flux test models of different materials in arc heated wind tunnel, a stainless-steel sleeve of appropriate
thickness should be added between coaxial thermocouple and models to meet the thermal matching of the surrounding envi-
ronment beside the sensor.
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Fig. 1  Structure of slug calorimeter
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Fig. 2 Structure of coaxial thermocouple
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Fig. 4 Installation drawing of heat flux test model
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Fig. 5 Distribution of measuring points in heat flux test model
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Fig. 7 Heat flux distributions at nine measuring

points of the heat flux test mode
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Fig. 8 Comparison and relative deviation of average
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Table 1 Size of numerical calculation model

material r/mm I/mm
copper 2.5 5
glass fiber reinforced plastic 4 7
stainless steel 10 10
gap 1 2
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Fig. 12 Heat flux curves of slug calorimeter

after normalization
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Fig. 14  Surface temperature rise and heat flux

curves of coaxial thermocouple
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