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Fig. 1 Schematic diagram of computing model
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Table 1 Incoming flow parameters under different working conditions

T p, /Pa T, /K Re/(10® m~") h/mm D/mm

Case 1 390 324 0.5 1.4

Case 2 394 221 0.9 1.4

Case 3 575 236.5 1.2 0,0.1,0.2,0.3,0.5 1,1.4,1.7,2
Case 4 3833.3 236.5 8 1.4

Case 5 5750 236.5 12 1.4
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Fig.3 Heat flux distribution on wall surface with
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different grid resolutions
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Table 2 Comparison of theoretical and simulated

plate heat flux values

qo/(10* W » m~2)

Lt CFD FISME fige
Case 1 2.36 2.45 3.67
Case 2 1.59 1.65 3.64
Case 3 2.04 2.09 2.39
Case 4 5.02 5.23 4.02
Case 5 6.04 6.40 5.63
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Fig.7 Enthalpy distribution on sensor’s center line in Case 2
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Influence of sensor installation on accuracy of
aerodynamic heating measurement on flat plate
LUO Kai'?, WANG Qiu'*" , LI Jiwei', LI Jinping', ZHAO Wei'?

(1. State Key Laboratory of High-Temperature Gas Dynamics, Institute of Mechanics, Chinese Academy of Sciences, Beijing 100190, China;

2. School of Engineering Science, University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Accurate measurement of aerodynamic heating is an important issue for hypersonic vehicles to
choose reasonable heat resistant materials and thermal structure design. However, it is still difficult to measure
the heat flux accurately in shock tunnel experiments, and any slight deviation from ideal conditions may lead to
inaccuracy. In-depth investigations are needed to carry out. In this study, the flat plate model is selected to
study the influence of the non-ideal sensor installation on the accuracy of heat flux measurement. The sensors
examined are protruding or recessed from the model surface in the order of 0. 1 mm to 0.5 mm and different
Reynolds numbers are considered. Related rules and mechanism of the influence of sensor installation on the
accuracy of aerodynamic heating measurement are analyzed in detail. The results show that the sensor installa—
tion has great influence on the accuracy of the heat flux measurement. Protruding sensor installation results in
larger deviation from actual heat transfer and recessed sensor installation results in smaller deviation compared
to the results obtained with a smoothly installed sensor. The larger the protruding/recessed depth, the more se—
vere the deviation, and this deviation will be larger under higher Reynolds number conditions. Using the non—
dimensional form of protruding/recessed depth to the thickness of boundary layer, the level of deviation is only
related to the non-dimensional value regardless of Reynolds number. In all, the results can provide theoretical
guidance for the design and error analysis of aerodynamic heating measurement experiments.

Keywords: flat plate; aerodynamic heating; installation precision; Reynolds number; boundary layer
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