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ABSTRACT 

 
This study aims to investigate the response of a thermal protection system (TPS) panel under 
simulated aerodynamic heating. The TPS panel was created by connecting the outer Inconel 
plate to the inner titanium plate with a bolted supporting structure. The interior of the TPS 
panel was filled with fibrous Saffil insulation. For the boundary conditions, the radiation 
equilibrium heat-flux was applied on the front side of the TPS panel, and a surface temperature 
history was then obtained by considering the surface radiation to the surrounding environment. 
The radiation and natural convection were considered as heat dissipation in the back side of the 
TPS panel. The thermal deformation of the TPS panel was analyzed numerically as well as 
experimentally. According to the results, the bolted supporting structure was the most critical 
component in the TPS panel due to the high-stress concentration.  
 

INTRODUCTION 
 

A thermal protection system (TPS) is necessary for hypersonic aircraft and spacecraft to 
withstand the aerodynamic heating and acoustic loads during hypersonic speeds. The TPS 
panel is not only restricted heat energy from outside but also carries the thermal stress due to 
mismatch of thermal expansion of components. The purpose of this study is to present the 
behavior of the TPS panel under simulated aerodynamic heating. So far, some efficient thermal 
protection system has been proposed and carried out the thermal performance test by many 
researchers [1, 2]. Some studies focused on the mechanical properties of structure used for the 
TPS panel [3, 4] while some studies focused on the insulation material used for the TPS panel 
[5, 6]. However, report on the assembled TPS panel is quite important because the TPS panel 
included many components that interacted to each other, which resulted in the stress 
accumulation in the structural components after heating loads. Therefore, a study on the 
component behaviors of the TPS panel under the simulated aerodynamic heating is necessary.  
In this study, we investigated the response of a metallic TPS panel under high-temperature 
conditions in both simulation and experiment. By considering the thermal deformation of the 
TPS panel, we proposed a modified design to decrease the stress concentration and to reduce 
heat flux reaching the rear structure. 
 

NUMERICAL SIMULATION AND EXPERIMENTAL METHOD 
 
We used a three-dimensional transient numerical method to simulate the coupled displacement-
temperature analysis of the TPS panel during a heating-cooling process. Temperature-
dependent material properties of the structural components were used. The effective thermal 



conductivity of the insulation material was used. The equivalent surface temperature profile 
was applied to the front surface of the TPS panel.  The heat dissipations in the rear side of the 
TPS panel were due to radiation and natural convection.  
In the experiment, the TPS panel was hung on the baffle plate, placed facing a radiation heating 
which was used to create a simulated aerodynamic heating environment. Digital image 
correlation (DIC) method was chosen to measure the deformation of the TPS panel. The DIC 
method was capable of measuring the full-field deformation of materials and structures [7-12]. 
The cameras captured a reference image of the backside of the TPS panel before applying the 
thermal load, then a series of the deformed images during applying thermal load.  
 

RESULTS AND DISCUSSION 
 

 
Figure 1. The out-of-plane deformation field of the TPS panel at 546 sec 

 
Figure 1 shows the out-of-plane deformation of the TPS panel at 546 s, the central area of the 
TPS panel deformed in an inward direction while the corner areas deformed in an outward 
direction.  The reason for this deformation direction was that the temperature of the front plate 
was higher than that in the back plate. According to the result, the out-of-plane deformation of 
the TPS panel strongly depended on the temperature difference between the front and back 
plates.  
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