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1. Introduction.  

Definition of turbulence;  Features of turbulence – irregularity, diffusivity,  

high Reynolds number, rotational, dissipative, continuum phenomenon;  

Characterisation of turbulent flows – statistical averages, moments, probability 

density function, correlation, spectrum, scales, intermittency, quadrant analysis. 

2. Experimental techniques  

       Need for special techniques; Hot-wire anemometry ; LASER Doppler  

       Velocimetry ; Particle Image Velocimetry. 

3. Equations governing turbulent flow 

Reynolds averaged Navier – Stokes Equations; Equations for Reynolds stresses,  

mean and turbulent kinetic energy ; Energy transfer in turbulent flows ; Closure 

problem ; Boundary layer equations for turbulent flows ; Momentum integral equation for 

turbulent boundary layer ; Reynolds averaged and mass weighted equations for 

compressible flows.  

  



4. Bench mark data and features of basic turbulent flows. 

      Validation of CFD codes and need for benchmark data; Characteristics of good  

      Data – reliability and consistency; Test cases for turbulent flows –  

       homogeneous flows, thin shear flows, sources of benchmark data. 

5. Turbulence modelling. 

Outline of approaches to prediction of turbulent flows ; Desirable futures of a model of 

turbulence; Zero -, one -, half - , and two- equation models of turbulence; Reynolds stress 

model ; Algebraic stress model ; Three-equation model; Limitations of RANS approach. 

6. Numerical scheme for predicting thin shear flows and miscellaneous topics 

Thin shear flow equations; Elements of finite volume scheme; Examples 

            of computations. References for computation of separated flows using models of  

            turbulence, LES, DNS; use of commercial course. 

Appendix A : Historical background 

Appendix B : Cartesian tensors 

Appendix C : Review of basic concepts and equations of fluid dynamics 

Appendix D : Elements of laminar boundary layers and transition 

Appendix E : Equation for dissipation. 

Appendix F: Term paper topics 

  



1. Course Pre-requisites 
(a) Basic fluid dynamics  

(b) Boundary layers 
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