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Air Velocity: U direction
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(Navier-Stokes Equations)
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Tensor notation 
(X Face)
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(Boussinesque Approximation)

Hypothesis

1. Air viscosity coefficient doesn’t change（μ = constant)

2. Air is not Compressible

3. Instantaneous and reference value are relatively small
Pressure Temperature Air Density
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Equation of state
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Approximation of Continuity Equation
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Approximation 
of Motion
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Approximation of the Motion Equation 
(Mass, Pressure and Force Terms)
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Approximation Equation of Motion (Velocity, Mass, 
Viscosity, Force)
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Heat Transfer Equation

Molecular motion 
Equation



Heat Transfer Equation Approximation

Molecular Motion Approximation

𝒊
𝑱

𝒊

𝑱

𝟏

𝟎 𝒊

𝟐
𝒊

𝑱 𝑱

𝟏

𝟎
𝟑𝒊

Equation of Motion Approximation



Reynold’s Averaging
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Equation of motion to Turbulence
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Momentum Flux
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CO2 Flux
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Heat Flux
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Example: Calculate CO2 Flux 
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The Generation and Dissipation of 
Turbulence 



Turbulence Generation and 
Dissipation (General Expression)
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Turbulence Generation and 
Dissipation (Expanded Expression)

ᇱ ᇱ ᇱ ᇱ
ᇱ ᇱ ᇱ

Kinetic 
Energy 
Change

Underlying 
Surface 
Friction

Air 
mass up 
and 
down

Pressure 
transport

Turbulent 
transport

Viscosity

Turbulence Flow：Air mass rises and lessoning of viscosity 

Turbulence dissipation：Air mass sinks and viscosity increases

Turbulence Transport：Pressure and turbulent transport



Length of Monin Obukhov and Stability of Atmospheric Boundary Layer

Monin-Obukhov length
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Application of Atmospheric Boundary Layer Stability

According to Monin-Obukhov hypothesis, various atmospheric 

parameters and statistics such as gradients, variances, and 

covariance; when normalized the scaling velocity u* and scaling 

temperature T* ; become universal functions of z/L [p15,Kaimal & 

Finnigan(1994).   
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Wind speed and temperature gradients 
are functions of the stability
p14, Kaimal & Finnigan(1994)
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Wind speed and temperature fluctuations are 
functions of the stability
p14, Kaimal & Finnigan(1994)
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Turbulent energy dissipation is a function 
of stability
p14, Kaimal & Finnigan(1994)
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