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I. COURSE OVERVIEW:

This particular course has been deigned to cover aerodynamic features of hypersonic flows with their basic
governing equations and their applications in various flow fields. It also provides a comprehensive training
experience in the basic principles, technologies and methodologies pertaining to the multi-disciplined realm
of hypersonic flight. Participants will acquire a sound understanding of hypersonic aero physics and the
effects of the hypersonic flight environment on vehicle loads and performance, including a consideration
of both continuum flow and rarefied flow aerodynamic effects.

II. COURSE OBJECTIVES:
The students will try to learn:
L The fundamental description of hypersonic flow phenomena, including acrodynamic heating
and non-equilibrium real-gas effects.
II.  The fundamental features of hypersonic flows, and how these differ from other flows.
I The importance and influence of non-equilibrium real-gas effects in high temperature flows.
IV. The physical mechanisms causing aerodynamic heating of high-speed vehicles.

[II. COURSE OUTCOMES:
After successful completion of the course, students will be able to:

CO 1 Summarize the fundamental aspect of hypersonic flow and their characteristics for solving the
hypersonic flow over arbitrary shape.

CO 2 Construct the equation for variation flow properties for shock and expansion waves in hypersonic
flow.

CO3 Make a use of equivalence principle and various theories to model shock interaction in
hypersonic flow field.

CO 4 Examine the hypersonic transition and role of hypersonic shock-wave boundary layer interaction

CO 5 Select suitable computational fluid dynamic model to solve hypersonic viscous flow.

CO 6 Intterpret the concept of the aerodynamic heating and thermal protection system.



MODULE-I: BASICS OF HYPERSONIC FLOWS (09)

fluid flow regimes, importance and characteristics of hypersonic flow. Historical development and key
milestones in hypersonic aerothermodynamics. Challenges and unique features of hypersonic
aerodynamics. High temperature flow and communication blackout. Rarefied gas dynamics and its
significance at hypersonic speeds.

MODULE-II: HYPERSONIC SHOCK-WAVE AND EXPANSION WAVE (09)

Shockwave definition, types. Basics of hypersonic shock relations, the relationship between Mach number,
shock angle, and deflection angle. Shockwave relations in terms of the hypersonic similarity parameter and
hypersonic expansion-wave relations.

MODULE-III: INVISCID HYPERSONIC FLOWS (09)
Newtonian flow model, Modified Newtonian theory, Mach-number independence principle, hypersonic
small disturbance equation, hypersonic equivalence principle, blast-wave theory.

Shock-shock interactions in hypersonic flow and different types of shock-shock interactions. CFD
techniques for hypersonic inviscid flow.

MODULE-IV: VISCOUS HYPERSONIC FLOWS (09)

Governing differential equations, boundary layer and it's equation for hypersonic flow, Hypersonic
transition, turbulent boundary layer. Hypersonic shock-wave/boundary-layer interactions. Computational
methods for simulating hypersonic viscous flow.

MODULE-V: AERODYNAMIC HEATING AND THERMAL PROTECTION SYSTEMS (09)
Aerodynamic heating: sources, mechanism. hypersonic aerodynamic heating and its effects on entropy
layer. Types of thermal protection systems (TPS) and their design considerations, Materials used in TPS,
Case studies of TPS in hypersonic vehicles.
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Course template.
Assignments.

Tutorial question bank.
Model question paper — .
Model question paper — II.
Lecture notes.

Power point presentations.
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