Power Law
Davenport (1960)

a

V(z)=V. Zi
G

2000
600 —

Gradient wind —100
500

1500 [~
Vx 2040
Z 400L xz -89
= 8
8 Jool" 10001~
2 -77
200

500} ) }
Rrfeos
"_.:)’r\_‘l"-i.r
100 1
42

height over ground
mean wind velocity
V, gradient velocity

Z; gradient height

o power law exponent

| <IN

Gradient wind -100

Gradient wind —100-




Power Law
Davenport (1960)

a

Z

Zg

\_/(Z) = \_/G

zZ height over ground
V mean wind velocity
V., gradient velocity

Z; gradient height

o power law exponent

Category

Description

zg (ft)

1

Very smooth surfaces: e.g large
expanses of openwater, low unsheltered
islands, tidal flats; low-landsverging o
the sea

1/8,5

800

Level, or surfaceswith only low, surface
obstructions: e.g. prairie grassland,
desert; arctictundra

1/7,5

900

Level, or slightly rolling surfaces, with
slightly larger surface obstructions: e.g.
farmland with very scattered trees and
buildings, without hedgerows or other
barriers; wasteland with low brush or
surface vegetation; moorland

1/6,5

1.000

Gently rolling, or level country with low

obstruction and barriers; e.g. open fields

with walls and hedges scattered trees and
buildings

1/5,5

1.100

Rolling or level surface broken by more
numerous obstructions of various sizes:
e.g farmland, with small fields and
dense hedges orbarriers; scattered
windbreaks of trees, scattered two-story
buildings

1/4,5

1.200

Rolling or level surface, uniformly
covered with numerous large
obstructions: e.g forest, scrub trees,
parkland

1/3,5

1.350

Very broken surface with large
obstructions: e.g towns; suburbs;
outskirts of large cities, farmland with
numerous woods and copses and large
windbreaks of tall trees

1/3

1,500

Surface broken by extremely large
obstructions: e.g. centre of large city

1/(2,5-1,5)

1,800
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Power Law Known quantities:

VIR viky \_/' :\_/’(Z ) oo
P __7’. = Vﬁsvs—)‘.- ref >

Y

¢ reference velocity
C

. roughness coefficient

C. (z) = (Z'G /Z. )a, (z / Z¢. )a”




Atmospheric Boundary Layer
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Atmospheric Boundary Layer

Roughness Boundary Lavyer
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Zy average height of obstacles
zg = 1,5-z; depth of the roughness boundary layer



Atmospheric Boundary Layer

Roughness Boundary Layer
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Atmospheric Boundary Layer

Roughness Boundary Layer

Rough terrain
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Atmospheric Boundary Layer

Roughness Boundary Layer

Wind tunnel tests



Atmospheric Boundary Layer

Roughness Boundary Lavyer

CFD numerical model



Atmospheric Boundary Layer

Inner Boundary Layer L_ogarithmic profile

H(z)=Lu./n (E]

A —

/7
/
/

Z

/T/

\

Karman’s constant (« ~ 0.4)
u. shear velocity (uf = —u'w’)
z, roughness length

Marine Boundary Layer

z, =ou; /g (Charnock, 1955)
0L (2 a ~0.0144 (Garratt, 1977)

\#Z\E’M 04Z, g = gravity acceleration




Atmospheric Boundary Layer

Modified logarithmic profile  z A

(1) u(z) =%u*€n i]

IL(Z) = L-l: (Zmin)

For Z<Z.,:
@ s-ua[2%

(3) () =§€[‘j 1)

(2)
zp,  zero plane displacement (z,, ~ z,; -z, / k)
ZZ reduced roughness length
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Atmospheric Boundary Layer

Free Atmosphere

Z

/T/

A\—//,
—

Gradient velocity

U,
z. =C
G |f
2
\_/qu* | —— |—A| +B?
k f]z,
: B
|oc0| = arcsin -
| > |—A| +B
£|z,
A~1 (Clarcke, 1970; Arya, 1975)
B~4.5 (Blackadar & Tennekes, 1968)
C~1/6 (Deaves & Harris, 1978)

f =2wsin@ Coriolis parameter
® earth angular velocity
[0) latitude



Atmospheric Boundary Layer
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0,07
us /ul =(zy / zj)

u"(z)=1,c, (2)

u_ . reference velocity
c, roughness coefficient

r

Ww(z) > ')

¢ (7)= (zg/z, )0’07 n(z/zy)
n(z. /z;)
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Example

Reference site z_,
o =2.5un(z, /zy) =
u; —O4u /fn(z, /zy)=0.4x25/(n(10/0.05)=1.87m/s

ref ref

=10m; z; =0,05m, 0, =0'(z,;)=25m/s

Gradient velocity ¢=45°

®=7.292x10"rad/s,f = 2msing=1.0313x107*s™
.=Cu./f=1/6-1.87/1.03313x10"* =3022m

G—u*/k-{[fn u / fz;)) A] +B}2:
:1.87><2.5x{[en(1.87/1.o313x10—4/0.05)—1]+4_.52}=59,05m/s

Design site  z; =0.3m
c,(z)=(z; /2, )0'07 n(z/zy)/ n(z, /z;)
c,(z)=0.214/n(z/0.3) (zinm)

r

U"(z)=1,¢c,(z)=25%0214/n(z/0.3) (zinm,uinm/s)

(:3/.05)" ¢n(z/.3)/¢n(10/.05)



Example

Reference site =z
U, =2.5uin(z, /zy) =
u, =044, /In(z, /z,)=0.4x25/(n(10/0.05)=1.87m/s

ref

=10m; z; =0,05m, 0, =0'(z,;)=25m/s

ref

Design site z; =0.3m
c,(2)=(z)12,))" t(z/ )/ In(z
c,(z)=0.214/n(z/0.3) (zinm)
U"(z)=1,c,(z)=25%0.214/n(z/0.3) (zinm,uinm/s)

/2))=(.3/.05)"" ¢n(z/.3)/¢n(10/.05)

ref

z (m) | ¢(z) | U'(z) (m/s)

10 0,75 18.76
20 0.90 22.47
50 1.09 27,37

100 1.24 31,08




Homogeneous terrain
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Transition profiles
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Transition profiles
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Z (X) =0,36-z, -(X/Zg )0’75 Z (X) =0,07-z; .(X/Zg )0550
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Transition profiles

Smooth to rough transition
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Transition profiles

Rough to smooth transition
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Example

Reference site

Z =10m;z; =0,05m, 1, =0'(z,, ) =25m/s

Gradient velocity ¢=45° V., =59,05m/s

Design site  Engineering Science Data Unit (ESDU)

Zo=0.01m,

z (m) | u, (m/s)| ug(m/s) | u.(m/s) | u, (m/s)

10 29.12 24.90 23.47 18.76
20 32.04 30.10 27.55 22.47
50 3591 35.42 33.78 27.37
100 38.83 38.06 37.78 31.08
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Marchetti Viaduct




Marchetti Viaduct — 20 km radius



Marchetti Viaduct — 10 km radius
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Marchetti Viaduct — Roughness map — 1 km radius
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Topoqgraphy effects




Topography effects

Wind Accelerated
fiow

Decelerated W
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Height/hill height, z/L

Distance downwind from crest/hill length, x/L,

(a) Steep slope, ¥ =0.50
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(b) Shallow slope, ¢ = 0.25
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u(z)=u_(z)c (X,z)

u, mean wind velocity on flat terrain
c, topography coefficient

c.(x,z) =14+2s(x,z)y

Region affected by topographical feature

v <0.3
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u(z)=u_(z)c (X,z)

u, mean wind velocity on flat terrain
c, topography coefficient

c.(x,z) =14+2s(x,z)y

Region affected by topographical feature
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Example

Reference site  z, =10m;(z,)  =0,05m,u, =0 (2, )=25m/s
Design site  z, =0.3m, y=0.2
c D
B
A
_+Soom Soom | 4000 m,
Eurocode 1 T T
z (m) |u, (m/s) | ug(m/s) | u. (m/s) | u, (m/s)

10 18.76 20.62 25.77 20.25

20 22.47 24.70 30.87 24 .25

50 27.37 30.08 37.60 29.55

100 31.08 34.16 42.70 33.55




Mean wind velocity iIn complex terrain

i(2) =1,(2)¢,(2)

u_ mean wind velocity on flat terrain
C, topography coefficient

u,(z)=1u, -c.(2)

u . reference mean wind velocity
c.  roughness coefficient

U(2) =T,y ¢,(2)¢,(2)




Rock of Gibraltar — Wind tunnel topographic model



Hong Kong Bay — Wind tunnel topographic model




Messina Strait — Wind tunnel topographic model
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Diagnostic wind field models

Determine a time-invariant wind field by means of:

CFD models

Linearized dynamical models
Mass consistent models
Parametrized models



CFD Models

Computational Fluid Dynamics models solve the non-linear equations
of conservation of mass and of motion (Navier-Sokes equations):

FLUENT
CFX
STAR-CCM+
PHOENICS
MeteodynWT
Windsym
OpenFOAM
NaSt3DGP




SN f,_._ o

Bolund Island, Denmark



Linearized Dynamical Models

Solve the equations of conservation of mass and of motion (Navier-
Sokes equations) in linearized form:

FLOWSTAR
LINCOLMN
MS3DJH/3R
MS-MICRO
MSFD
NLMSFD
WASP




Mass Consistent Models

Interpolate a parametrised first guess wind field by satisfying the
equation of conservation of mass:

WINDS
CONDOR
MASCON
MATHEW
SHIFT
NOABL
NUATMOS
WOCSS
CALMET




Parametrised Models
Reconstruct the wind field through parametrised equations:
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Linea ferroviaria AV/AC Rome-Naples g
€ Stazioni meteorologiche AM & ENAV
® Stazioni meteorologiche RFI
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Roma-Napoli Railway Line — Mean wind field
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Roma-Napoli Railway Line — Mean wind field
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Roma-Napoli Railway Line — Mean wind field



Speed up factor - Hy=H,

\_/E = KE\_fo 5
I, =\/(cosBO)2 +(Cq sin[30)2

C, = 0,94[1,63H +10]5 - 0,49

Roma-Napoli Railway Line — Mean wind field
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Erzelli Hill, Genova



Erzell1 Hill, Macro- and micro-area
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Erzelli Hill — Topography model scale 1:1000
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OPENFOAM CFD model
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CFD model — Wind velocity at 2 m height




Comparison between Wind Tunnel and CFD results
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Atmospheric thermal stratification

Richardson Number Obukhov Length

. I-T, 3 Z_Ri for Ri<0
R1=% (8_/8 )2 [=_ 2 L
u/o0z g -
K=2Q, z_ R 0<Ri<0.2
T L 1-5-Ri
T mean atmospheric temperature

=0T /0z lapse rate

dry adiabatic lapse rate

C specific heat at constant pressure

Q,=Hy/(pc,) H, being the vertical heat flux (positive upwards)

Neutral stratification ['=I', Ri=0 1/L—>0
Stable stratification ['>I", Ri>0 1/L>0
Unstable stratification ['<I', Ri<0 1/L<0




Mean velocity profile
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