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—. Surface Roughness and Logarithmic Sublayer

Aerodynamic bulk formula (r=0)c, v’

p-(u'w'), =T  surface stress Uz) =2 (Z)
Z
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@, = 10 :
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Z, u, =
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T=p (uw),=p V@] Z
oo
<o T=p0" CD U

drag coefficient C,




] Surface Roughness and Logarithmic Sublayer

Drag Coefficient (C,)

2
T=0" CD U surface stress

T In practice the drag coefficient is given usually
(u'w'), =— with respect to the wind speed at z=10m and
P for neutral conditions (Cpy10)

Typical values of the drag coefficient over the land are
significantly larger than over the water

Cp jang = 7%10

CD waterz 11 0_3




] Surface Roughness and Logarithmic Sublayer

Transfer Coefficients

° ' ' — o ° 2
T=p0 (Lt w )S =P CD U bulk formula for momentum

P (W'd')s =0 Ca . U(Z,,) . [CZO — a(zr)] bulk formula for scalar ‘a’

transfer coefficient for moisture

P (W ) =0 C U(Z) [ Q(Zr)] bulk formula for moisture

transfer coefficient for heat

p-(w8),=p-C, Uz) [60 _ H(Zr)] bulk formula for heat




—. Turbulent scales and similarity theory

Velocity scales:

Q Friction velocity:
1

2 ——2Ta — o
U, = [u'w' +v'w' ] u’ = (u‘w‘) For one-dimensional case

O Convective velocity scale (Deardorff velocity):
1
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w6,
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z, — height of capping inversion (PBL height)
T, — virtual temperature
3 — potential temperture




] Turbulent scales and similarity theory

. Monin-Obukhov Length:
Lengih scales: Height proportional to the height
O Monin-Obukhov length L above the surface at which
O Stability parameter: ¢=z/L buoyant production of turbulence
O Height of capping inversion (PBL height): z first equals mechanical (shear)
0 Aerodynamic roughness length Z, production of turbulence.
O Height above the surface z
I —u’ B —u’ 4 I —u; Z, — hgight of capping inversion (PBL height)
kB Wk & (—4\ v~ virtual temperature
o W k (W Q)S 9 — potential temperature

_ —u; k — von Karman constant (0.41)
kL B,- surface buoyancy flux

B,=w'b,

For unstable atmosphere L < 0,s0(<0
For neutral atmosphere L—>,so0(= 0
For stable atmosphere L >0,s0( >0
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Universal similarity functions and eddy viscosities

Universal similarity functions relate the fluxes of momentum and sensible heat to
their mean gradients

b.(c)=F| 2 :
universal similarity " u. \dz) eddyviscosity K = —u'w U, u. k-z

function for momentum for momentum du ”*¢m(§) ¢m(§)
Iz k-z
k'Z 078 |
universal similarity 9:(¢) = 0 (a ) eddy viscosity - _ w0 w0 _u-kz
function for heat for heat 90 0.9,(s) $,(s)
07 k-z

¢,.(c) <1 for unstable conditions

b, ( g) =1 for neutral conditions

¢,.(c)>1 for stable conditions




] Turbulent scales and similarity theory

In neutral or stable stratification ¢,=¢,, (1/K, =1/K,)

Pressure perturbations do not affect the eddy transport
of momentum relative to heat and other scalars Pr=1.

" 1 for ¢=0 (neutral)
" 1+ 35¢ for 0=c¢c<1 (stable)

1+ 5¢ for 0=c¢<1 (stable)

" _{ 1 for ¢c=0 (neutral)}




] Turbulent scales and similarity theory

In unstable stratification ¢,<¢_, (K, >K, )

Eddy diffusivity for scalars is more than for momentum
(universal similarity function for momentum (®_,) is
greater than for scalars (®,)).

P, = { [1-16¢] 4 for 0=¢<l (stable)}

@, = { [1-16¢] > for 0=¢<l (stable)}




] Turbulent scales and similarity theory

Wind and thermodynamic profiles

O For all cases we can use one formula with stability correction function defined below:

o %) [lg(zz) i

W,, — stability correction function  _
L — Monin-Obukhov length v, = [[1-¢, (c)}s'/¢
0

4.7z Z
or —>0 stable
(42 -
Y, =1 0 for %= 0 (neutral)
I+ x 1+ x 1+x’ 1 T Z
—21In]——|-In —In|—— |+ 2tan (x) - 5 for T <0 (unstable),






