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Gas Dynamics imparts the fundamentals of compressible fluid flow, with an emphasis on a wide variety of
steady, one-dimensional flow problems and a general understanding of the principles of multi-dimensional flow.
These mainly includes in fundamental research and Industrial R&D. Industries like Aerospace, automotive,
chemical, power and bio-medical rely heavily on CFD for design, analysis and even for service & maintenance
of Mechatronic systems.

The students will try to learn:

I. The basic principles of compressible flow, including the behavior of gases under varying thermodynamic
conditions.

II. The analytical tools needed to study and evaluate the performance of compressible flow systems, such as
isentropic flow, normal and oblique shocks, and expansion waves.

III. The characteristics of supersonic and hypersonic flow regimes, including Mach number variations and the
associated physical phenomena.

At the end of the course students should be able to:

1. Explain the fundamental principles of compressible flow, including thermodynamic and fluid
properties of gases.

2. Demonstrate the ability to analyze isentropic flows, normal and oblique shocks, and flow with friction

and heat transfer.

Identify and evaluate the effects of shock waves and expansion waves on compressible flow systems.

4. Apply gas dynamics principles to the design and analysis of engineering systems, such as nozzles,
diffusers, and propulsion devices.

5. Characterize and solve problems involving supersonic and hypersonic flow regimes, understanding
their unique features and challenges.

6. Design efficient systems in gas dynamics applications, emphasizing sustainability and environmental
considerations.
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Module — I: COMPRESSIBLE FLOW

Concept of compressible flow, speed of sound, temperature rise, Mach angle, thermodynamics of fluid flow,
energy equation, entropy equation, thermal properties, the perfect gas, wave propagation, subsonic and
supersonic flows.

Module — II: SHOCKWAVE PROPAGATION

Fundamental equations, stream tube area-velocity relations, De Laval nozzle, supersonic flow generation,
diffusers, equation of motion for a normal shockwave, Hugoniot equation, reflected shockwave, shock tube,
oblique shock relations, shock polar, Prandtl-Meyer expansions, reflection and intersection of shockwaves,



Mach reflection, shock expansion theory.
Module — IIT: 1D, 2D COMPRESSIBLE FLOWS

Croccos theorem, linearization of potential equation, boundary conditions, pressure coefficient, Prandtl-Glauert
rule for subsonic, supersonic flows, Von Karman rule for transonic flows.

Hypersonic similarity, critical Mach number, general linear solutions for supersonic flows, flow along a wave
shaped wall, two dimensional compressible flows

Module - IV: FRICTION FLOW WITH HEAT TRANSFER

Prandtl-Meyer expansion fan, thermodynamics considerations, reflections, flow in a constant area duct with
friction, flow with heating and cooling in ducts, the concepts of characteristics, compatibility relations, theorems
for two dimensional flow, design of supersonic nozzle.

Module — V: HIGH TEMPERATURE GAS DYNAMICS

Pressure, temperature, velocity and density measurement, compressible flow visualization, high speed wind
tunnels, Knudsen number, slip flow, importance of high temperature flows, nature of high temperature flows.
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Course Outline Description
Lecture Notes

Power Point Presentation
Definitions and Terminology
Tutorial Question Bank

Case Studies

Real Life Examples

Complex Engineering Problems
9. Tech Talk Topics

10. Concept Videos Topics

11. Open End Experiments

12. Assignments

13. Model Question Paper - I

14. Model Question Paper - 11

15. Gate Question Bank

16. Previous Question Papers and Solutions
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