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1. SUMMARY

Hypersonic flight through the atmosphere generates extreme aerothermodynamic conditions. 
Specifically, a high-temperature shock layer is formed in front of the vehicle that can exceed 
10,000 degrees Kelvin. Experimental measurements of such extreme conditions are challenging 
and flight conditions cannot be truly reproduced. Computational modeling, now based on 
quantum chemistry, has outpaced the capability to validate experimentally. For this reason, new 
optical diagnostic data measured under relevant hypersonic flow conditions is badly needed. 
Recently, a novel experimental approach for measuring shock layer physics has been designed 
and constructed; called the Table-Top Shock Tunnel (TTST). The basic idea is that a pulsed 
molecular beam, when targeted at a small blunt object, can generate a hypersonic shock layer 
that exhibits relevant gas-phase dissociation and gas-surface reaction physics in a small lab 
setting. This project involves computational research to characterize the flow conditions in the 
TTST facility and then validate gas-phase and gas-surface reaction chemistry models with the 
new data. The development of hypersonic flight models and technology is currently a priority   
of the US Department of Defense. The public purpose of the proposed computational research   
is to support optimization of the new TTST facility, characterization of the flow environment, 
and validate new chemical reaction models. The success of this laboratory-scale facility 
provides an exciting new capability for the high-speed flow community and high-energy particle 
effects community.  

2. INTRODUCTION

Hypersonic flight through an atmosphere generates a thin, high-temperature, shock layer that 
surrounds the vehicle surface, typically a heat-shield material. Within this shock layer, the gas is 
in a state of strong thermochemical nonequilibrium. The internal energy of the gas (rotational 
and vibrational energy) quickly increases and ultimately leads to dissociation of molecular 
species into atomic species. These reactive atomic species (O and N) diffuse through the 
boundary layer and react with the heat-shield surface. If the heat shield is ablative, reaction 
products are transported back into the flow, which in turn affects the chemical state of the 
boundary layer. In this manner, the dissociation process within the shock layer (the supply of 
reactive atomic species) has a first-order effect on degradation of the vehicle heat shield, which 
is one of the major challenges associated with hypersonic flight and vehicle design. 

Current experimental measurements of the shock layer are incredibly difficult and expensive to 
perform. Ground-based experiments cannot reproduce a wide range of flight conditions and 
vehicle configurations. Therefore, accurate and predictive models are required for use in 
computational fluid dynamics (CFD) simulations. The most widely used vibrational energy 
model is the Millikan-White model [1], and the most widely used dissociation model is the   
Park TTv model [2]. Both of these models are empirical and based on relatively few 
experimental data sets (examples for nitrogen are seen in Refs. [3]-[5]). Their accuracy outside 
of the limited experimental conditions is uncertain, and this uncertainty directly affects all other 
coupled processes. 
In order to reduce this uncertainty, a significant amount of research has been performed using 
computational chemistry [6-20]. These first-principles, predictive simulations and models have 

1 
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3. METHODS, ASSUMPTIONS, AND PROCEDURES
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4.  RESULTS AND DISCUSSION

4.1  Characterization of Beam Flux via Kapton Surface Erosion 
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4.2  Preliminary Validation of a New Carbon Ablation Model 
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