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Chapter 6 Introduction Incompressible Turbulent Flow 

1. Introduction 

 

 

 

 

 
 

Modern definition superior as (1) specifies equations; (2) requires random 

behavior described by deterministic equations; (3) requires three 

dimensionalities; and (4) sensitivity to initial conditions. 
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2. Historical Background 

Three eras of turbulence studies: http://web.engr.uky.edu/~acfd/lctr-notes634.pdf 

 

Structural movement: coherent structures and short bifurcation sequences 

Statistical movement: uses statistics via systematic approximations to the 

averaged “unclosed equations” or by intuition and analogy. 

Deterministic movement: The idea of the deterministic turbulence has 

been suggested about a decade ago. In contrast to the usual (random) 

turbulence, the deterministic turbulent flows have reproducible 

instantaneous structure, representing one particular-realization from 

infinite number of possible ones. 

 

http://web.engr.uky.edu/~acfd/lctr-notes634.pdf
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3. Basic Concepts 

a. Randomness and fluctuations 

b. Nonlinearity 

c. Diffusion 

d. Vorticity/eddies/energy cascade 

e. Dissipation 

f. Example Experimental Data for Wall Flows 

g. Closure Problem and Arrow of Time 

4. Averages, Correlations and Spectra 

5. Instantaneous and RANS Equations 

a. Summary of RS and TKE for Different Flows 

6. Scales of Turbulence 

7. Free Shear Flows 

a. Free Shear Flow Coherent Structures 

8. Wall Flows 

a. Wall Flow Coherent Structures 

9. Turbulence Modeling  (Abstract) 

a. RANS Modeling 

b. LES Modeling 

c. Hybrid RANS LES Modeling 

 10. DNS 
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