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Chapter 1 Introduction 

1. Definition of turbulence 

 

 

 
Airplane turbulence: not just when bumpy ride due large scale natural atmospheric 

turbulence, but also in BL and near wake even for smooth ride, which highlights the 

wide range of the scales of turbulence both in space and time. 

Leonardo was able observe this fact and process.  His very interesting notebooks: 

mirror writing, not always complex ideas and questions but also repetitive writing, 

as he was self-educated; and truly, at least in my mind, genius of all geniuses.  

Concerning turbulence he posed the questions: (1) where in the water is the 

turbulence generated; (2) where does the turbulence in the water persist for a long 

time: and (3) where does the turbulence in the water come to rest. 

We now know turbulence originates at the large scales driven by source mechanism 

and then undergoes Richardson cascade whereby it continuously breaks down to 

smaller and smaller eddies from the energy containing range to the inertial sub range 

to the dissipation range. 
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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. 

 
Key concepts:  

1. random state with coherent statistically deterministic structures 

2. nonlinearity which is main driver of wide range of scales 

3. many flows have Re similarity for the larger scales 

4. rotational and three dimensional 

5. faster larger dispersion/diffusion/mixing momentum, heat, material vs. 

laminar flows 

6. Analogy molecular diffusion driven by random molecular motions, which 

defines viscosity, but in the case of turbulence due turbulence fluctuation over 

a wide range of scales. 

Tools of analysis: 

1. mathematical physics and statistical analysis 

2. dimensional analysis 

3. scaling analysis 

4. experimental and numerical methods. 
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2. Historical background 

Three eras of turbulence studies: 

https://uknowledge.uky.edu/me_textbooks/2/ 
 

 
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. 

https://uknowledge.uky.edu/me_textbooks/2/
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