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What is Turbulence? 

ÅCauses mentioned are called  ΨdrivingΩ. 

DrivingĄ large scale ĄDrives ΨchaosΩ 

++ ΨDissipationΩ scale 

Ą Much smaller 

Ą Where things are ordered  again

Turbulence 

ÅExtremely hard to describe in detail, but easy to understand!

ÅAnd is very familiarΧ and (quasi) universal

From CBC



Examples 



Examples 



To start: Inviscid Fluids
ÅMass Conservation (continuity eq.):

ÅMomentum Conservation (Euler eq.):

ÅF = m a  = du/dt !     Ą appears simple BUT highly non-linear 

Å ᴼ Ą

Mass flux from small unit vol

In fixed ΨEulerianΩ coordinates 

where velyu = u (x)



Pressure: Diagonal (trace) of Stress Tensor

Pic from U. Alberta engineering course

Mass Flux

(Isotropic) Momentum Flux

In General 

Components of -„



Viscosity Includes Shearing Forces ĄDissipation 

ÅGradients of ”ὺ Ą Isotropic Pressure Forces 

ÅGradients of   ”ὺὺ Ą Frictional Forces  Possible  (Note averages over atomic particles important)

ÅExample: Incompressible Newtonian Fluid

ĄViscous force arises from shear stress:   
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(Estimate ‗: particle passing through balls of  crossectionalÁÒÅÁ„will likely encounter 
one ball when  N (ball per unit Vol) z/ÂÓÔÒÕÃÔÉÎÇÖÏÌÕÍÅὲ‗„ͯ ρĄ ‗ͯ ρȾὲ„) 



NavierStokes Eq. and Reynolds Number 

In general 
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’​◊ ◊Ȣ​ u  Ą Restoring .VS. Inertial Force  

ĄTurbulence when Reynolds Number                                                    >> 1  



Basic Interpretation 

System forced, such that:time to restore to rest via viscosity 
long compared to crossing time:
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++ Excited degrees of freedom coupled 
Ą complexbehaviour



KolmogorovΩs Basic Insight: Universality

ÅThere are two scales to the problem 

1- The scale at which we drive L

2- The scale at which energy dissipates d << L 

ĄBetween these two the system is scale free Ą Described by power law. 

With the central characteristic ╪●▪ ╪▪●▪

ĄBasic character of  complicated system simple:  By dimensional analysis! 



Powerful Consequences 

ÅIn intermediate, Ψinertial rangeΩ energy transferred in cascade from L to d

ÅWith little loss or time dependence 

ĄSpecific energy Ὁat intermediate scale l conserved  ++  energy flow 
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constant across eddies l Ą
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How is energy distributed among scales? 

ÅFourier: A powerful method of analyzingfields on different scales 

If a field F is periodic in L you can expand 
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Let L Χ Ą number modes increases arbitrarily Ą continuity Ą
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There are different conventions and L does not appear in power spectra ╕

Cardiogram  Ą
Periodic Signal 
Menameset. al. 2002

White noise Ą

Frequency Ą


