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Chapter 1 Introduction 

1. Definition of turbulence 

 

 

 

 

 
 
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/%7Eacfd/lctr-notes634.pdf
http://web.engr.uky.edu/%7Eacfd/lctr-notes634.pdf
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3.   Syllabus 

Course syllabus and semester are divided into Parts 1 and 2 corresponding 
to 8 weeks up to and 7 weeks after midterm, respectively. 

Part 1.  Fundamental Concepts: mathematical methods and equations; 
scaling; isotropic turbulence; and turbulent transport. 
 
Mid-term Exam 
 
Part 2: Canonical turbulent flows (free shear, channel and pipe, and 
boundary layer) and turbulence modeling  

Student Project Presentations 

Final Exam 

4.   Overview Part 1  

Chapter 2 Describing turbulence 

Chapter 3 Turbulent flow equations 

Chapter 4 Turbulence at small scales 

Chapter 5 Energy decay in isotropic turbulence 

Chapter 6 Turbulent transport and its modeling 
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Chapter 3 Turbulent flow equations 

Instantaneous equations 

 Continuity and Navier -Stokes equations 

 Mechanical energy equation 

 Energy equation 

Vorticity equation 

 Enstrophy equation 

 Pressure equation 

Reynolds averaged equations 

 Continuity and RANS 

 KE mean flow equation 

 TKE equation 

 Dissipation ε equation 

 Reynolds stress equation 

 Mean vorticity equation 

 Fluctuating vorticity equation 

 Vorticity transport equation 

 Enstrophy equation 
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6.  Relationship 1D and 3D Spectra 

7. 1D Spatial and Temporal Spectra 

 

Method 1: Energy Spectrum from space autocorrelation f(r): even 

 

1. Calculate symmetric space autocorrelation function 
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2. Obtain 1D energy spectrum from Fourier transform of ( )f r  
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3. Calculate the Taylor microscale and integral length scale 
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4. Calculate dissipation 
2 230 fuε ν λ=  

 

5. Calculate Kolmogorov scale 
( )1 43η ν ε=  

 
6. Plot ( ) ( )1 45

11 1E k εν vs 1kη  
 

Method 2: Energy Spectrum from space autocorrelation f(r): odd 

 

1.  Calculate the antisymmetric space autocorrelation function 
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2. Obtain 1D energy spectrum in space from Fourier transform of ( )f r  
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3. Calculate the Taylor microscale and integral length scale 

( ) ( ){ } ( ) ( )
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4. Calculate dissipation 
2 230 fuε ν λ=  

 

7. . Calculate Kolmogorov scale 
( )1 43η ν ε=  

5. Plot ( ) ( )1 45
11 1E k εν vs 1kη  

 

Method 3: Method 2 + direct calculation of dissipation 

 

In Step 5 of Method 2, Use the equation for direct calculation 
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Method 4: Energy spectrum from temporal autocorrelation f(τ) 

 

1. Calculate temporal autocorrelation 
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2. Obtain Fourier transform of ( )ER τ  
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= ∫  (Note: ω : Frequency [Hz])  
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3. Calculate the time scale and integral time scale 

( )
1

22 0E fτ ′′= −   , ( )
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Τ = ∫  

 

4. Calculate the Taylor microscale, dissipation and Kolmogorov scale 
f EUλ τ= , 2 230 fuε ν λ= , ( )1 43η ν ε=  

 

5. Calculate the 1D energy spectrum in time from the Fourier transform of ( )ER τ  
 

( ) ( )2
11

ˆ ˆ2 2EE u Rω πω=  

 

6. Calculate the 1D energy spectrum in space from the 1D energy spectrum in time 

( ) ( )11 1 11
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7. Plot ( ) ( )1 45
11 1E k εν vs 1kη  
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Chapter 5 Energy decay in isotropic turbulence 
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Chapter 6 Turbulent transport and its modeling 
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3.2 Closure problem and arrow of time 
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