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Closure models.

Correlation terms in Reynolds equations:

This means that a closed set of N-S equations is converted to the open set and 
additional equations or assumptions are necessary. In the other word we need  
Turbulence Closure Models, TCM's.
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1st order  closures.

Example: Prandtl model (1925)

Prandtl introduced idealized turbulent eddies, structures that carry properties of the fluid 
with velocity  V on a certain idealized distance named mixing length δz. 
After this, the fluid parcel carried in the mixing event is homogenized with the environment
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Higher order  closures.
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J.Atmos.Sci.
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Flow close to the surface. Monin-Obukhov theory.

Obukhov length related to the ratio of surface momentum flux 
and surface buoyancy flux!



7

Logarithmic sublayer.
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Observed mean wind 
profiles
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Wind speed increases 
approximately logarithmically 
with height. The variation from 
a log-profile depends largely 
on atmospheric stability. 
Atmospheric stability refers to 
the stratification of the air 
near the surface. A stable 
stratification will reduce 
mixing (and surface stress), 
and an unstable stratification 
will increase mixing. 
The following figure shows 
the influence of air-sea 
temperature contrasts on the 
wind profile. In this case, the 
wind is set equal to 6 m/s at a 
height of 6 m. The air-sea 
moisture difference is set a 3 
g/kg over the same height 
range.

The term on the left hand side of the equal sign is the wind speed relative to the 
surface speed (e.g., the surface current) as a function of height (z). The friction 
velocity (u*) is the square-root of the kinematic stress, and k is a constant. The 
term in blue is the logarithmic term, and the term in green is the modification 
due to atmospheric stratification (L). When the atmospheric stratification is 
neutral (z/L = 0), there is no stratification, and the stability term (j) is zero. The 
friction velocity (u*) and roughness length (z

o
) are functions of wind speed, 

atmospheric stratification, and sea state.
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LES of a convective BL above sea surface: mean profiles of horizontal velocity 
components and profiles in the successive columns of model domain.
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Cabauw tower and sodar measurements
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Another sodar...METEK  DSDR3x7 

range: 60 - 1300 m
height res.: 20 m
frequency: 1500-2200 Hz
height: 4 m
weight: 8 t
length: 10 m
The instrument delivers vertical 
profiles of

- acoustic backscatter intensity
- wind speed
- wind direction
- turbulence (vertical component, 
sigma w)
every 10 to 30 min. 

Sodar derived wind

RASS temperature
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Cabauw BL data compared to 
mesoscale weather models
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Convective BL: typical records from the ultrasonic thermoanemometer ~10m above ground

vertical velocity and its fluctuations: ramps

temperature and its fluctuations: peaks and ramps
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Surface 
roughness



16



17

The Wind Profile Power Law is a relationship between the wind speeds at one height, and 
those at another. The power law is often used in Wind Power assessments where wind speeds 
at the height of a turbine (>~ 50 meters) must be estimated from near surface wind 
observations (~10 meters), or where wind speed data at various heights must be adjusted to a 
standard height  prior to use. Wind profiles are generated and used in a good many 
atmospheric pollution dispersion models.

The wind profile of the atmospheric boundary layer (surface to around 2000 meters) is 
generally logarithmic in nature and is best approximated using the log wind profile equation 
that accounts for surface roughness and atmospheric stability. The wind profile power law 
relationship is often used as a substitute for the log wind profile when surface roughness or 
stability information is not available.

The wind profile power law relationship is:

u / u
r
 = (z / z

r
)α

where u is the wind speed (in meters per second) at height z (in meters), and u
r
 is the known 

wind speed at a reference height z
r
. The exponent (α) is an empirically derived coefficient that 

varies dependent upon the stability of the atmosphere. For neutral stability conditions, α is 
approximately 1/7th, or 0.143.

Engineers and logarithmic wind profile: Power Law approximation



18

In order to estimate the wind speed at a certain height (x), the relationship would be 
rearranged to:

u
x
 = u

r
 * (z

x
 / z

r
 )α

The 1/7 value for α is commonly assumed to be constant in wind resource assessments, 
because the differences between the two levels are not usually so great as to introduce 
substantial errors into the estimates (usually < 50 m). 

However, when a constant exponent is used, it does not account for the roughness of the 
surface, the displacement of calm winds from the surface due to the presence of 
obstacles (i.e., zero-plane displacement), or the stability of the atmosphere.

In places where trees or structures impede the near-surface wind, the use of a constant 
1/7th exponent may yield quite erroneous estimates, and the log wind profile is preferred. 
Even under neutral stability conditions, an exponent of 0.11 is more appropriate over 
open water (e.g., for offshore wind farms), than 0.143, which is more applicable over 
open land surfaces.
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Monin- Obukhov similarity theory and universal functions

Let's recall definition of Obukhov length:
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 “m” - momentum

             “h” - “heat”
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Brunt-Vaisala frequency
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Critical!!!
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