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1. Turbulence

 Highly diffusive and dissipative
 Seemingly chaotic or random motion of fluid particles
 Coherent structures and large-scale organization
 Range of scales - turbulence cascade and spectrum
 Largest scales – size of the flow, independent of direct viscous 

effects
 Smallest scales – dominated by viscous effects
 Largest scales carry more Turbulence Kinetic Energy (TKE)
 Smallest scales carry much less TKE
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2. Turbulence Equations: Mean Flow Kinetic Energy

Time rate of change = flux divergence + pressure gradient 
work – viscous dissipation – loss to turbulence
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2. Turbulence Equations: TKE

Time rate of change = advective divergence + gain from mean 
flow + pressure and flux divergence + viscous dissipation

 



16

3. Turbulent Boundary Layer

Wall
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4. Atmospheric Turbulence – Dry Air Equations

Eqn. of thermodynamic state

Mom. Eqn for steady, 
motionless atmosphere

2nd law of thermodynamics

Isentropic, imaginary displacements of fluid 
parcel in the vertical direction

Base state vertical variation of 
enthalpy and temperature

Hydrostatic “Background” OR “Base” State
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4. Atmospheric Turbulence – Dry Air Equations

Density fluctuation is proportional to 
temperature fluctuation

If boundary layer height << Hp, then 
divergence can be assumed to be negligible

Flow-Induced “Small” Perturbations Around the “Base” State

Mass 
Conservatio
n Eqn.
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4. Atmospheric Turbulence – Dry Air Equations

Mass Conservation

Final set of dry-air Instantaneous Equations



36

4. Atmospheric Turbulence – Dry Air Equations

Mass Conservation

Final set of dry-air Instantaneous Equations

Momentum Equation



37

4. Atmospheric Turbulence – Dry Air Equations

Mass Conservation

Final set of dry-air Instantaneous Equations

Momentum Equation



38

4. Atmospheric Turbulence – Dry Air Equations

Mass Conservation

Final set of dry-air Instantaneous Equations

Thermal Energy Equation

Momentum Equation



39

4. Atmospheric Turbulence – Dry Air Equations

Mass Conservation

Final set of dry-air Instantaneous Equations

Thermal Energy Equation

Momentum Equation



40

4. Atmospheric Turbulence – Dry Air Equations

Mass Conservation

Final set of dry-air Instantaneous Equations

Momentum Equation

Thermal Energy Equation “Passive” Scalar Conservation Equation



41

4. Atmospheric Turbulence – Moist Air Equations
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4. Atmospheric Turbulence – Moist Air Equations
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4. Atmospheric Turbulence – Moist Air Equations
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Mean Flow
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4. Atmospheric Turbulence – Moist Air Equations

Final set of moist-air Averaged Equations

Reynolds Stresses
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