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Turbulence, as a flow regime, can be defined by its characteristic features.

S.B. Pope Turbulent Flows (2000) „...an essential feature of turbulent flows is that the fluid 
velocity field varies significantly and irregularly in both position and time.”

Turbulence:

Irregularity, unpredictability, unsteadiness, large variation of temporal and spatial scales 
which interact with each other, enhanced mixing

ENCYKLOPEDIA BRITAENNICA: 

Atmospheric turbulence: small-scale, irregular air motions characterized by winds that 
vary in speed and direction. Turbulence is important because it mixes and churns the 
atmosphere and causes water vapour, smoke, and other substances, as well as energy, to 
become distributed both vertically and horizontally.

fractal [from the Latin word fractus (“fragmented,” or “broken”)], any of a class of complex 
geometric shapes that commonly have “fractional dimension,” a concept first introduced 
by the mathematician Felix Hausdorff in 1918. Fractals... are capable of describing many 
irregularly shaped objects or spatially nonuniform phenomena in nature such as 
coastlines and mountain ranges…. Many fractals possess the property of self-similarity, at 
least approximately, if not exactly. A self-similar object is one whose component parts 
resemble the whole. This reiteration of details or patterns occurs at progressively smaller 
scales (ENCYKLOPEDIA BRITAENNICA)



  

Features of turbulent flows:

Large range of temporal and spatial 
scales;

Nonlinear advection effects play an 
important role;

Unpredictable;

Irreversible.



  

Many authors mention also:

Significant vortex streching;
Energy cascade.



  

Transition to turbulence

Osborne Reynolds



  

Osborne Reynolds:



  

Equations of motion in Boussinesq approximation:

Notations:
p – pressure, u – velocity, t – time, ρ - density, b – buoyancy,  f – 
Coriolis parameter, - ν viscosity, κ – thermal conductivity coefficient.

We can add equations for other scalars (e.g. concentration) which have 
the same form as (1.3) but are passive, i.e. they do not influence the 
velocity field (one-way coupling).



  



  

Non-dimensional form of momentum equations:
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Kelvin-Helmholz instability

Instability of the interface between two fluids of different densities and different speeds. 
Example is wind blowing over water: The instability manifests in waves on 
the water surface. 

In the absense of surface tension, the instability develops for all speeds 
(flow is unconditionally unstable).



  

Rayleigh-Taylor instability

Instability of the interface between two fluids, the heaviest above the lightest.  
In this configuration surface tension plays a stabilizing role while gravity
is destabilizing. 

Pictures from: http://hmf.enseeiht.fr/travaux/CD0001/travaux/optmfn/hi/01pa/hyb72/rt/rt.htm
                       https://en.wikipedia.org/wiki/Mushroom_cloud

ρ
1

ρ
2

ρ
1
>ρ

2 

http://hmf.enseeiht.fr/travaux/CD0001/travaux/optmfn/hi/01pa/hyb72/rt/rt.htm


  

Kelvin-Helmholtz instability with Ri=.038, Re=5000



  

Rayleigh-Taylor instability with Ri=infinity, 
Ra=6000000, Re=300



  

Dominant shear instability with Ri=-0.038, 
Ra=3400000, Re=3600



  

Dominant convective instability with Ri=-1.34, 
Ra=31000000, Re=1800



  

How to find solutions of the equations of motion or 
determine charactieristic features of these equations?

- exact analytical solutions for certian flow cases and 
certian parameters
-analytical approximate solutions
-numerical solutions: DNS
-statistical approaches which determine characteristic 
features of equations
-dimensional analysis



  



  



  



  



  


