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ABSTRACT

When a space vehicle enters the atmosphere at an orbital speed, a detached bow shock forms in front
of its blunt nose and the temperature behind the shock, especially in the stagnation region, can reach to
a very high level, due to the conversion of kinetic flow energy into thermal energy by strong shock
compression. The important gas molecule dissociation and other real gas effects of hypersonic flows
will occur, consequently. The air can no longer be treated as a perfect gas and the dissociative non-
equilibrium phenomena complicate the flow physics. Due to the extreme flow conditions, experimental
approaches are difficult in general, not to mention the expensive cost. Theoretical methods are also
limited in exploring the global dissociative non-equilibrium flow physics. Only some simple analytical
solutions can be obtained, such as the dimensionless shock-off distance as a function of dimensionless
dissociation rate ', Therefore, to thoroughly understand the hypersonic dissociative non-equilibrium
flows, developing an efficient and accurate code is essential. Variable numerical methods have been
applied to simulating the hypersonic non-equilibrium flows. However, the conservation element and
solution element (CE/SE) method is implemented to investigate such problems for the first time, to the
best of the current authors’ knowledge. The CE/SE method is a novel numerical framework, which is
proposed by Chang and co-workers 7 to solve hyperbolic conservation equations. Nevertheless, the
CE/SE scheme used in present study is that implemented on a hybrid mesh consisting of triangular
elements and quadrilateral elements ). This hybrid-meshed scheme is proved to be accurate and robust
in the shock propagating problems. It has several promising advantages for the simulation of hypersonic
flows: (i) It keeps the conservation of physical quantities in both local and global space-time domains;
(i1) Since a dimensional splitting method is not required, it’s a genuinely multi-dimensional scheme;
(iii) It can capture strong shocks sharply without using Riemann solver; (iv) Only information at the
immediate neighboring nodes is needed to update the solutions at the new time level which is consistent
with a fundamental physical reality, i.e., in the absence of body force, direct physical interaction occurs
only among the immediate neighbors. In present study, the dissociating chemical reactions and the
vibrational energy relaxation are added to the previous code to simulate the dissociating nitrogen and
air flows over a blunt body. Some important experimental and theoretic results are used to validate the
accuracy and robustness of present code. Furthermore, the flow features of hypersonic flows are
analyzed in detail through the extensive numerical results.
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