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Sofar we have ignored viscosity but realgases fluids
haveviscosity which can dissipate kinetic energy
Add viscousprocesses via the rate of strain
tensor Ej
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where Oij M diVj djVi digdata

traceless rateofstraintensor din
expansion compression

CU dynamicviscosity viadive subtracted so
whatremains are

µ
mass shearingmotions

lengthxtime



Insert this into Eq 1
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If we farther assume that M const weget
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Navier Stokes equation

or de g t t gta OP r 20g8
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and the kinematic viscosity v My limits cm's

Now we use the Navier Stokes eq to define the
Reynolds number Re VI
Thinkof Re as the ratioof the non linearterm and
the dissipativetermin theNavier Stokeseq

GHE I ratio Re Yof E n I



Jf Ress I Turbulent Flow otherwise LaminarFloor

Transitionfrom laminartoturbulent at a Rex 1000 and
for Rex 100 Karma vortex street

kolmogorovspectnum.EC
k k Wherefrom

kinetic
energy per unitmass Kolmogorovturbulence is

E y
z

incompressible so s const

Energy dissipation rate is constant throughthecascade
changeof E withtime

É n I and tnt eddyturnover
time

Assumption É const Kolmogorov1941
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Then the energyspectrum is
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