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Turbulent kinetic energy - TKE.

F - 
production

ε - 
dissipation



  

Homogeneous and isotropic turbulence.

isotropic



  

Production of TKE

Dissipation of TKEChanges of TKE

In case of stationary turbulence production is balanced by dissipation.



  

U
1
(x,t) U

1
(x+r,t)U

1
(x,t) D

11
=D

LL

U
2
(x+r,t)U

2
(x,t)

D
22

=D
NN

U
3
(x+r,t)U

3
(x,t)

D
33

=D
NN

Structure functions:



  

Structure functions in homogeneous isotropic turbulence (HIT):

In HIT  structure functions D
ij
(r,t) are determined by the single scalar function D

LL
(r,t).



  

Kolmogorovs theory (1941):

H1. Hypothesis of local isotropy – at sufficiently high Re number the small-scale motins are 
statistically isotropic  

H2. First similarity hypothesis – in every turbulent flow at sufficiently high Re the statistics 
of small-scale motions have a universal form that is uniquely determined by ν and ε.   

H3. Second similarity hypothesis - in every turbulent flow at sufficiently high Re the statistics
of the motions of scale l such that l

0
 » l  » η have a universal form that is uniquely 

determined by ε, independent of ν.     
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Kolmogorovs theory (1941) [from Frisch (1990)]:

(..............)

Velocity differences at scale l



  

 3rd order structure function

Universal scaling exponent



  

For p=2 the second-order structure function has the same dimension as turbulent 
kinetic energy

We can interpret (6) as a dependence of kinetic energy on the scale l, provided that l  is 
much smaller that l

0
  (length scale of energy-containing eddies).

Hence, kinetic energy on scale l depends on  l2/3. .



  

Podejście alternatywne w języku dekompozycji na szereg Fouriera i liczb falowych
(już nie Frisch).

Uwaga: zauważ, że 4.7 zawiera prędkości w punkcie x i x+r, podobnie jak funkcje struktury, zauważ także że pod 
całką 4.5 jest kwadrat prędkości.



  

Równanie na bilans energii w przestrzeni fazowej.



  



  



  



  



  



  



  



  

Skala Kołmogorowa i inne charakterystyczne skale turbulencji.

Skalę Kołmogorowa często oznaczamy greckim symbolem η



  



  

Mikroskala Taylora.

Taylor microscale Reynolds number
liczba Reynoldsa dla mikroskali Taylora.


